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METHOD AND APPARATUS FOR ACTIVELY MANAGING
ELECTRIC POWER OVER AN ELECTRIC POWER GRID

BACKGROUND OF THE INVENTION

[0001] Field of the Invention

[0002] The present invention relates generally to the field of electrical power load
control systems, and more particularly, to a method and system and apparatus for actively
controlling power load management for customers attached to the electric power grid,
and for creating operating reserves for utilities and market participants.

[0003] Description of Related Art

[0004] The 1ncreased awareness of the impact of carbon emissions from the use of
fossil fueled electric generation combined with the increased cost of producing base load,
intermediate, and peak power during high load conditions has increased the need for
alternative solutions utilizing load control as a mechanism to defer, or in some cases
climinate, the need for the deployment of additional generation capacity by electric
utilities, generating utilities, or distributing utilities or any grid operator or market
participant whose primary function 1s to facilitate the production, distribution, operation
and sale of clectricity to individual consumers. Existing electric utilities are pressed for
methods to defer or eliminate the need for construction of fossil-based or macro large
scale electricity generation while dealing with the need to integrate new sources of
generation such as renewable energy sources or distributed energy resources whose
production and integration into the electric grid 1s problematic.

[0005] Today, a patchwork of systems exist to implement demand response load
management programs, whereby various radio subsystems 1n various frequency bands

utilize "one-way" transmit only methods of communication or most recently deployed a
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plurality of proprictary two-way methods of communications with electric customers or
their load consuming device and measurement instruments including, by way of example,
“smart meters.” Under these programs, radio frequency (RF)-controlled relay switches
are typically attached to a customer's air conditioner, water heater, or pool pumps, or
other individual load consuming devices. A blanket command 1s sent out to a specific
geographic arca whereby all recerving units within the range of the transmitting station
(e.g., typically a paging network) are turned off during peak hours at the election of the
power utility. After a period of time when the peak load has passed, a second blanket
command 1s sent to turn on those devices that have been turned off. This “load shifting”
has the undesired effect of occasionally causing “secondary peaks™ and generally require
consumer incentives for adoption.

10006] Most recent improvements that follow the same concepts are RF networks that
utilize a plurality of mesh based, non-standard communications protocols that utilize
IEEE 802.15.4 or its derivatives, or “ZigBee” protocol end devices to include load
control switches, programmable thermostats that have pre-determined set points for
accomplishing the “off” or “cut” or reduce command simultancously or pre-loaded 1n the
resident memory of the end device. The programmable thermostats or building control
systems (PCTs) move the set point of the HVAC (or atfect another inductive or resistive
device) or remove a resistive device from the electric grid thus accomplishing the same
“load shifting” effect previously described. All of these methods require and rely on
statistical estimations for measuring their effectiveness and use historical information that
are transmitted via these same “smart meters” to provide after-the-fact evidence that an

individual device or consumer complied with the demand response event. Protocols that
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are employed for these methods include “Smart Energy Profiles Versions 1 & 27 and 1ts
derivatives to provide utilities and their consumers an attempt at standardization amongst
various OEMs of PCTs, switching, and control systems through a plurality of protocols
and interfaces. These methods remain crude and do not include real time, measurement,
verification, settlement and other attributes necessary to have their Demand Response
ctfects utilized for effective Operating Reserves with the exception of limited programs
for “Emergency’” Capacity Programs. Furthermore, for effective settlement and control
of mobile storage devices such as Electric Vehicles, these early “Smart Grid” devices are
not capable of meeting the requirements of Federal Energy Regulatory Commission
(FERC), North American Electric Reliability Corp. (NERC) or other standards setting
bodies such as the National Institute of Science & Technology (NIST) Smart Grid
Roadmap.

[0007] While telemetering has been used for the express purpose of reporting energy
usage, no cost effective techniques exist for calculating power consumption, carbon gas
emissions, sulfur dioxide (SO,) gas emissions, and/or nitrogen dioxide (NO;,) emissions,
and reporting the state of a particular device under the control of a two-way positive
control load management device or other combinations of load control previously
described. In particular, one way wireless communications devices have been utilized to
de-activate clectrical appliances, such as heating, ventilation, and air-conditioning
(HVAC) units, water heaters, pool pumps, and lighting or any inductive or resistive
device that 1s eligible as determined by a utility or market participant for deactivation,
from an existing electrical supplier or distribution partner's network. These devices have

typically been used in combination with wireless paging receivers or FM radio carrier
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data modulation, or a plurality of 2-way proprictary radio frequency (RF) technologies,
that receive "on" or "off" commands from a paging transmitter or transmitter device.
Additionally, the one-way devices are typically connected to a serving electrical
supplier's control center via landline trunks, or in some cases, microwave transmission to
the paging transmitter. The customer subscribing to the load management program
recerves a discount or some other form of economic incentive, including direct payments
for allowing the serving electrical supplier (utility), retail electric provider or any other
market participant to connect to their electrical appliances with a one-way load control
switch and deactivate those appliances during high energy usage periods. This technique
of demand response 15 used mostly by utilities or any market participant for “peak
shifting” where the electric load demand curve 1s moved from a peak period to a less
generation intensive time interval and are favored by rate-based utilities who earn capaital
returns of new power plants. These methods are previous art and generally no
conservation of energy 1s measured. In many instances, secondary peak periods occur
when the cumulative effect of all the resistive and inductive devices are released from the
“off” state simultancously.

[0008] While one-way devices are generally industry standard and relatively
inexpensive to implement, the lack of a return path from the receiver, combined with the
lack of information on the actual devices connected to the recerver, make the system
highly inefficient and largely inaccurate for measuring the actual load shed to the serving
utility or compliant with measurement and verification for presenting a balancing
authority or independent system operator for operating reserves. While the differential

current draw 18 measurable on the serving electric utility's transmission lines and at
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clectrical bus or substations, the actual load shed 1s approximate and the location of the
load deferral 1s approximated at the control center of the serving utility or other statistical
methods are considered to approximate the individual or cumulative effect on an electric
utility grid. The aforementioned “two-way’ systems are simultancously defective 1n
addressing real time and near real time telemetry needs that produce generation
equivalencies that are now recognized by FERC Orders such as FERC 745 where
measurable, verifiable Demand Response “negawatts”, defined as real time or near real
time load curtallment where measurement and verification can be provided within the
tolerances required under such programs presented by FERC, NERC, or the governing
body that regulate grid operations. The aforementioned “smart meters” in combination
with their data collection systems commonly referred to as “Advanced Metering
Infrastructure” generally collect interval data from meters in HISTORICAL fashion and
report this information to the utility, market participant or grid operator AFTER the
utility or grid operator has sent notice for curtailment events or “control events™ to 1nitiate
due to high grid stress that includes lack of adequate operating reserves to meet demand,
frequency variations, voltage support and any other grid stabilizing needs as 1dentified by
the utility or grid operator and published and governed by FERC, NERC, or other
applicable regulations.

[0009] Onec exemplary telemetering system 1s disclosed 1n U.S. Pat. No. 6,891,838
B1. This patent describes details surrounding a mesh communication of residential
devices and the reporting and control of those devices, via WANS, to a computer. The
stated design goal 1n this patent 1s to facilitate the "monitoring and control of residential

automation systems." This patent does not explain how a serving utility or customer
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could actively control the devices to facilitate the reduction of electricity. In contrast, this
patent discloses techniques that could be utilized for reporting information that 1s being
displayed by the serving utility's power meter (as do many other prior applications in the
field of telemetering).

[0010] An additional exemplary telemetering system 1s disclosed in U.S. Patent
Application Publication No. 2005/0240315 Al. The primary purpose of this published
application 1s not to control utility loads, but rather "to provide an improved interactive
system for remotely monitoring and establishing the status of a customer utility load." A
stated goal of this publication 1s to reduce the amount of time utility field personnel have
to spend 1n the field servicing meters by utilizing wireless technology.

[0011] Another prior art system 1s disclosed in U.S. Pat. No. 6,633,823, which
describes, 1n detail, the use of proprietary hardware to remotely turn off or turn on
devices within a building or residence. While initially this prior art generally describes a
system that would assist utilities 1n managing power load control, the prior art does not
contain the unique attributes necessary to construct or implement a complete system. In
particular, this patent 1s deficient in the areas of security, load accuracy of a controlled
device, and methods disclosing how a customer utilizing applicable hardware might set
parameters, such as temperature set points, customer preference information, and
customer overrides, within an intelligent algorithm that reduces the probability of
customer dissatisfaction and service cancellation or churn.

[0012] Attempts have been made to bridge the gap between one-way, un-verified
power load control management systems and positive control verified power load control

management systems. However, until recently, technologies such as smart breakers and
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command relay devices were not considered for use 1n residential and commercial
environments primarily due to high cost entry points, lack of customer demand, and the
cost of power generation relative to the cost of implementing load control or their ability
to meet the measurement, telemetry, verification requirements of the grid operator or
ISO. Furthermore, submetering technology within the smart breaker, load control device,
command relay devices or building control systems have not existed in the prior art.
[0013] One such gap-bridging attempt 1s described 1n U.S. Patent Application
Publication No. US 2005/0065742 A1l. This publication discloses a system and method
for remote power management using IEEE 802 based wireless communication links. The
system described in this publication includes an on-premise processor (OPP), a host
processor, and an end device. The host processor 1ssues power management commands to
the OPP, which 1n turn relays the commands to the end devices under 1ts management.
While the disclosed OPP does provide some intelligence 1n the power management
system, 1t does not determine which end devices under its control to turn-off during a
power reduction event, instead relying on the host device to make such decision. For
example, during a power reduction event, the end device must request permission from
the OPP to turn on. The request 1s forwarded to the host device for a decision on the
request 1n view of the parameters of the on-going power reduction event. The system also
contemplates periodic reading of utility meters by the OPP and storage of the read data in
the OPP for later communication to the host device. The OPP may also include
intelligence to indicate to the host processor that the OPP will not be able to comply with
a power reduction command due to the mability of a load under the OPP's control to be

deactivated. However, neither the host processor nor the OPP determine which loads to
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remove 1n order to satisfy a power reduction command from an electric utility,
particularly when the command 1s 1ssued by one of several utilities under the
management of a power management system. Further, neither the host processor nor the
OPP tracks or accumulates power saved and/or carbon credits earned on a per customer
or per utility basis for future use by the utility and/or customer. Still further, the system of
this publication lacks a reward incentive program to customers based on their
participation in the power management system. Still further, the system described 1n this
publication does not provide for secure communications between the host processor and
the OPP, and/or between the OPP and the end device. As a result, the described system
lacks many features that may be necessary for a commercially viable implementation.
[0014] Customer profiles are often used by systems for a variety of reasons. One
reason 18 to promote customer loyalty. This involves keeping information about not only
the customer, but about the customer's actions as well. This may include information
about what the customer owns (1.¢., which devices), how they are used, when they are
used, etc. By mining this data, a company can more effectively select rewards for
customers that give those customers an incentive for continuing to do business with the
company. This 1s often described as customer relationship management (CRM).

[0015] Customer profile data 1s also useful for obtaining feedback about how a
product 1s used. In software systems, this 1s often used to improve the customer/user
experience or as an aid to testing. Deployed systems that have customer profiling
communicate customer actions and other data back to the development organization. That

data 1s analyzed to understand the customer's experience. Lessons learned from that
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analysis 1s used to make modifications to the deployed system, resulting in an improved
system.

[0016] Customer profile data may also be used in marketing and sales. For instance, a
retail business may collect a variety of information about a customer, including what
customers look at on-line and inside "brick-and-mortar"” stores. This data 1s mined to try
to 1dentify customer product preferences and shopping habits. Such data helps sales and
marketing determine how to present products of probable interest to the customer,
resulting 1n greater sales.

[0017] However, the collection of customer profile information by power utilities,
retail electric providers or any other market participant that sells retail electric commodity
to end customers (residential or commercial) has been limited to customer account
information of gross clectrical consumption and inferential information about how power
1S being consumed but requires customers to take their own actions. Because power
utilities, REPs, market participants typically are unable to collect detailed data about what
1S happening 1nside a customer's home or business, including patterns of energy
consumption by device, there has been little opportunity to create extensive customer
profiles.

[0018] Thus, none of the prior art systems, methods, or devices provide complete
solutions for actively controlling power load management for customers attached to the
clectric grid, and for creating operating reserves for utilities and market participants.
Therefore, a need exists for a system and method for active power load management that

1s optionally capable of tracking power savings for the individual customer as well as the
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clectric utility and any other market participant to thereby overcome the shortcomings of
the prior art.

SUMMARY OF THE INVENTION

[0019] For applications of ¢lectrical power load management, the present invention
provides for systems and methods for actively controlling power load management for
customers attached to the electric grid and for creating operating reserves for utilities and
market participants. The present invention further provides additional tracking of power
savings for both the individual customer, broadly defined as any consumer of ¢lectrical
power whether this 1s an individual residential consumer, a large commercial/industrial
customer or any combination thercof, inclusive of retail electric providers and market
participants as well as the overall electric utility whether generating or distributing.
[0020] Accordingly, the present invention 1s directed to systems for managing power
on an ¢lectric power grid that 1s constructed and configured for supplying and receiving
power from a multiplicity of sources, where the power flows to a plurality of power
consuming devices or 1s generated by a plurality of power generation and storage
solutions that are enabled and disabled by a plurality of controllable devices, wherein the
system 1ncludes: a server comprising a command processor operable to receive or 1nitiate
power control commands and 1ssue power control event messages responsive thereto, at
[east one of the power control commands requiring a reduction 1n an amount of ¢lectric
power consumed by the plurality of power consuming devices; an event manager
operable to recerve the power control event messages, maintain at least one power
management status relating to each client device and 1ssue power control event

instructions responsive to the power control event messages that may be initiated from a

10



CA 02877307 2014-12-18

WO 2013/192432 PCT/US2013/046833

market participant, a utility, or an electric grid operator; a database for storing,
information relating to power consumed by the plurality of power consuming devices and
based upon the amount of power to be reduced to each of the power consuming devices,
generating a first power supply value (PSV); and a client device manager operably
coupled to the event manager and the database, the client device manager selecting from
the database, based on the information stored in the database, at least one client device to
which to 1ssue a power control message indicating at least one of an amount of electric
power to be reduced or increased and 1dentification of at least one controllable device to
be instructed to disable a flow of clectric power to one or more associated power
consuming devices responsive to receipt of a power control event instruction requiring a
reduction 1n a specified amount of electric power; the plurality of controllable device and
corresponding device interfaces facilitating communication of power control instructions
to the controllable devices, the power control instructions causing the at least one
controllable device to selectively enable and disable a flow of power to the power
consuming device(s); and a device control manager operably coupled to the controllable
device interfaces for 1ssuing a power control instruction to the controllable devices
through the controllable device interfaces, responsive to the received power control
message, the power control instruction causing the controllable device(s) to disable a
flow of electric power to at least one associated power consuming device for reducing
consumed power, and based upon the reduction in consumed power, generating a second
power supply value (PSV) corresponding to the reduction in consumed power.

[0021] Also, the present invention 18 directed to method for managing power on an

clectric power grid that 1s constructed and configured for supplying and receiving power

11
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from a multiplicity of sources, where the power flows to a plurality of power consuming
devices or 18 generated by a plurality of power generation and storage solutions that are
cnabled and disabled by a plurality of controllable devices, the method steps including:
initiating power control commands by a server including a command processor operable
to recerve or 1nitiate power control commands and 1ssue power control event messages
responsive thereto, at least one of the power control commands requiring a reduction in
an amount of electric power consumed by the plurality of power consuming devices; an
event manager receiving the power control event messages, maintain at least one power
management status relating to each client device and 1ssuing power control event
instructions responsive to the power control event messages that may be initiated from a
market participant, a utility, or an electric grid operator; storing in a database, information
relating to power consumed by the plurality of power consuming devices and based upon
the amount of power to be reduced to each of the power consuming devices, generating a
first power supply value (PSV); and a client device manager sclecting from the database,
based on the information stored in the database, at least one client device to which to
1ssuc a power control message indicating at least one of an amount of ¢lectric power to be
reduced or increased and i1dentification of at least one controllable device to be instructed
to disable a flow of electric power to one or more associated power consuming devices
responsive to receipt of a power control event instruction requiring a reduction in a
specified amount of electric power;, wherein the plurality of controllable device and
corresponding device interfaces facilitating communication of power control instructions
to the controllable devices, the power control instructions causing the at least one

controllable device to selectively enable and disable a flow of power to the power

12
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consuming device(s); and a device control manager 1ssuing a power control instruction to
the controllable devices through the controllable device interfaces, responsive to the
received power control message, the power control mstruction causing the controllable
device(s) to disable a flow of electric power to at least one associated power consuming
device for reducing consumed power, and based upon the reduction in consumed power,
generating a second power supply value (PSV) corresponding to the reduction in
consumed power.

[0022] These and other aspects of the present invention will become apparent to those
skilled 1n the art after a reading of the following description of the preferred embodiment
when considered with the drawings, as they support the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 illustrates a schematic diagram of an IP-based active power load
management system in accordance with an exemplary embodiment of the present
invention.

[0024] FIG. 2 1s a schematic diagram 1llustrating an exemplary active load client
(ALC) smart meter use case example according to the present invention, wherein the
ALC 1s shown as a component of the system of FIG. 1.

[0025] FIG. 3 1llustrates a flow diagram of methods according to the present
invention for tracking power usage and power supply value (PSV) generation.

[0026] FIG. 4 1llustrates a flow diagram of methods according to the present
invention for tracking state of ALCs having an IP address within an electric power grid

system.

13
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[0027] FIG. 5 1s a schematic diagram 1llustrating an exemplary system arrangement
for conservation voltage reduction.

[0028] FIG. 6 1s a schematic diagram an IP-based active energy management system
in accordance with the present invention, including components of ALC, ALD, IP-based
communication, load control devices and power consuming devices.

[0029] FIG. 7 1s a schematic diagram 1llustrating generation, transmission,
distribution, and load consumption within a traditional electric power grid according to
the prior art.

[0030] FIG. 8 is a schematic diagram 1llustrating traditional transmission systems that
connect to electric power sources to distribution facilities, including smart metering and
advanced metering according to the prior art.

[0031] FIG. 9 1s a schematic diagram 1llustrating power generation or supply
balancing with customer demand for electric power within a grid according to the prior
art.

[0032] FIG. 10 1s a schematic diagram 1llustrating balancing arcas and their
interaction for power generation or supply balancing with customer demand for electric
power within a grid according to the prior art.

[0033] FIG. 11 1s a schematic diagram 1llustrating regions and balancing arcas and
their interaction for power generation or supply balancing with customer demand for
clectric power within a grid according to the prior art.

[0034] FIG. 12 1s a graphic illustration of daily load shape and base load for electric
power grid operations, including sufficient operating reserves to address peak load

conditions according to the prior art.
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[0035] FIG. 13 1s a graph 1llustrating operating reserves of different types of
responsiveness required for generation and operation of an electric power grid according
to the prior art.

[0036] FIG. 14 1s a bar graph 1illustrating applications of operating reserves of
different types and communications networks and timing for control events according to
the prior art.

[0037] FIG. 15 1s a schematic illustration for balancing resources within an electric
power grid, including grid stability elements of frequency according to the prior art.
[0038] FIG. 16 1s a schematic diagram 1llustrating components including ALD, ALC,
and IP communications for distributed grid intelligence within systems of the present
invention.

[0039] FIG. 17 1s a schematic diagram that illustrates smart grid with decentralized
networks according to systems and methods of the present invention.

[0040] FIG. 18 1s another schematic diagram that illustrates smart grid with
decentralized networks according to systems and methods of the present invention.
[0041] FIG. 19 1s yet another schematic diagram that illustrates smart grid with
decentralized networks according to systems and methods of the present invention.
[0042] FIG. 20 shows a schematic diagram for supply from utility, market
participant, CSP, and/or REP, ALD / cloud layer, ICCP, control and dispatch, and micro-
orid enablement according to systems and methods of the present invention.

[0043] FIG. 21 1s a schematic diagram representing operating reserves for supply side

generation of electric power for a grid, active load director (ALD), active load client
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(ALC), power consuming devices, and other components of the systems and methods of
the present invention for generating operating reserves of different categories.

[0044] FIG. 22 1s a schematic diagram showing one embodiment of the present
invention including power consuming devices, control devices, ALC, ALD, customer
profile, IP communication network, and grid telemetry components of systems and
methods of the present invention.

[0045] FIG. 23 1s a schematic diagram showing one embodiment of the present
invention including energy management system (EMS), power consuming devices,
control devices, ALC, ALD, customer profile, IP communication network, and grid
telemetry components of systems and methods of the present invention.

[0046] FIG. 24 1s a schematic diagram showing one embodiment of the present
invention including EMS, power consuming devices, control devices, ALC, ALD,
customer profile, IP communication network, and grid telemetry components of systems
and methods of the present invention.

[0047] FIG. 25 1s a flow diagram 1illustrating method steps for energy consuming
devices and the generation of power supply value (PSV) according to embodiments of the
present invention, including learning profile.

[0048] FIG. 26 1s a graph showing at least three (3) dimensions for factors associated
with load consumption and devices managing temperature control for corresponding
power consuming devices, including the change 1n factors over time.

[0049] FIG. 27 1s a graph showing first, second, and additional standard deviations of
for the chart of drift versus time, for use with the systems and methods of the present

1nvention.
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[0050] FIG. 28 1s a flow diagram for methods of the present invention for calculating
the time period for environmentally dependent and independent devices and determining
or generating power supply value (PSV) for those power-consuming devices.

[0051] FIG. 29 1s a schematic diagram 1llustrating exemplary IP-based active power
load management system in accordance with one embodiment of the present invention.
[0052] FIG. 30 1s a schematic diagram 1llustrating a schematic diagram of an
exemplary active load director in accordance with one embodiment of the present
invention.

[0053] FIG. 31 1s a schematic diagram 1illustrating a schematic diagram of an
exemplary active load client 1n accordance with one embodiment of the present
invention.

[0054] FIG. 32 1s a flow diagram 1llustrating steps 1n a method for updating
information relating to ALCs and/or ALD database.

[0055] FIG. 33 provides a schematic diagram 1illustrating analytics for how the
system and methods of the present invention provides additional operating (e.g.,
regulating, spinning and/or non-spinning) reserve to a power utility, market participant,
orid operator, etc.

[0056] FIG. 34 1llustrates a screen shot of an exemplary web browser interface
through which a customer may designate his or her device performance and energy
saving preferences for an environmentally-dependent, power consuming device 1n
accordance with one embodiment of the present invention.

[0057] FIG. 35 1s a graph that depicts a load profile of a utility during a projected

time period, showing actual energy usage as well as projected energy usage determined
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with and without a control event, in accordance with an exemplary embodiment of the
present 1nvention.
DETAILED DESCRIPTION OF THE PRESENT INVENTION
[00358] Overall, the systems and methods of the present invention provide Operating
Reserves for grid stability of an electric power grid.
[0059] Before describing 1n detail exemplary embodiments that are in accordance
with the present invention, note that the embodiments reside primarily in combinations of
system and apparatus components, and processing steps, all related to actively managing
power load on an individual subscriber basis and optionally tracking power savings
incurred by both individual subscribers and an electric utility or other market participant.
Accordingly, the systems, apparatus, and method steps components have been
represented where appropriate by conventional symbols 1n the 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.
[0060] The aggregation of the longstanding, unmet needs 1n the relevant art 1s the
basis for new mnnovation, including solutions offered by the present invention, having
systems and apparatus components that include the following attributes:

a. The system, apparatus, methods and devices utilize standards based OSI Layer 1-

3 communications protocols with a plurality of security encryption methods.
b. The communication layer is Internet Protocol based such that the instructions,
commands, measurements and telemetry 1s transmitted via Ethernet, first

generation wireless communications methods (analog or digital), second
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generation communications methods such as Code Division Multiple Access
(1XRTT), Enhanced Data Rates for GSM Evolution (EDGE), third generation
protocols such as Evolution for Data Only (EVDO), High Speed Packet Access
(HSPA), Fourth Generation protocols Long Term Evolution (LTE), IEEE 802.11
(X) “Wi1F1” or any derivative standard approved by the IEEE, International
Telecommunications Union or any domestic or international standards body or
any proprictary protocols that can operate 1n near real time and contain an Internet
Protocol packet for the transmaittal of their command, control, telemetry,
measurement, verification or settlement information.

¢c. The command and control for the purpose of (b) can be created and controlled
from a centralized processor, a distributed processing apparatus, or at the device
level.

d. The aggregation of these methods result in the creation of real time load
curtallment that may be classified broadly as “Demand Response” but largely
create Operating Reserves as defined by NERC, FERC, and/or any other
governing body that regulates the operation of an electric power grid and/or
utilities or other market participant providing power to an electric power grid.

[0061] The following descriptions and definitions are included herein for the purpose
of clarifying terms used 1n the claims and specification of the present invention, 1n
addition to explanation of the relevant prior art, including the prior art figures (FIGs. 7-
15) and those figures illustrating the present invention.

[0062] By way of introduction to the present invention, FIG. 1 illustrates a schematic

diagram of an IP-based active power load management system in accordance with an
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exemplary embodiment of the present invention. This diagram shows analogies for how
load-consuming devices are addressable by an active load director (ALD), by comparison
to communication networks such as the Internet. FIG. 2 provides a schematic diagram
illustrating an exemplary active load client (ALC) smart meter use case example
according to the present invention, wherein the ALC 1s shown as a component of the
system of FIG. 1. The ALC 1s connected to a grid distribution or transmission system,
clectrically consuming device and a ALD via various IP-based communication methods.
The electrically consuming device 1s connected to a power grid or power source. The
ALC functions as a smart meter 1n the following ways: measurement to revenue grade as
established by governing body; grid stabilizing values stored 1n memory/processor;
memory/processor; IDR and other IEEE/ANSI or approved tables in memory used to
calculate PST and PTB; communications interface; remote/autonomous ALD function; IP
Multimedia Gateway; router; security interface(s); customer interface(s); disconnect
capability; advanced metering infrastructure features and functions.

[0063] FIG. 3 illustrates a flow diagram of methods according to the present
invention for tracking power usage and power supply value (PSV) generation, which 1s
an 1mportant component of embodiments of the present invention, as will be described 1in
more detail 1n the specification hereinbelow. In other method steps for the present
invention, FIG. 4 1llustrates a flow diagram of methods according to the present invention
for tracking state of ALCs having an IP address within an electric power grid system.
FIG. 5 1s a schematic diagram providing an overview of an IP-based active energy
management system (EMS) 1n accordance with the present invention, including

components of ALC, ALD, IP-based communication, load control devices and power
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consuming devices, which are described 1n more detail 1n the following specification. As
illustrated, the EMS / Grid Operator / Market Participant / Retail Electric Provider /
Independent Power Producer / Automatic Generation Control component(s) of the system
of the present invention are in networked communication with ALD(s) via IP-based
communication methods, for communicating load control events to control devices
and/or ALCs for managing load consumed by power consuming devices. A variety of
system clements are 1llustrated for exemplary purposes, to show the interaction between
the power generation or source provider and the power consuming devices. Notably,
many devices may be constructed and configured for communication through the ALD
such that they are controlled by an EMS, as illustrated 1n these figures, in particular in
FIG. 5

[0064] In another aspect of factors addressed by the present invention, FIG. 6 1s a
schematic diagram illustrating an exemplary system arrangement for conservation
voltage reduction (CVR). Transmission lines, 1llustrated on the left side of the diagram,
transfer electric power from the power generation source, which may be a utility, to an
clectrical bus or substation, where 1t 18 transformed to provide distribution voltages (¢.g.,
about 6.9kV 1n this example and single phase) to additional transformers, indicated as F1,
F2, F3, ... FN, where voltage measurement along the feeder via ALC(s). Under current
standards, voltages must be kept at between about +/- 3% and about +/- 5%, but 1n any
case maintained as required by standards, for final distribution at the end of the line to
prevent damage to power consuming devices. The ALCs preferably transmit voltage
information and line loss information to the ALD(s). The ALD establishes a phase /

voltage “locked” loop to automatically control the voltages so that the CVR creates
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megawatts of operating reserves according to the methods and systems of the present
invention.

[0065] Also, by way of introduction to the commercial application of the present
invention, considering basic operations of the electric power grid are helpful, in
conjunction with the prior art figures referenced herein, namely FIGs. 7-15. FIG. 7 1s a
schematic diagram 1llustrating generation, transmission, distribution, and load
consumption within a traditional electric power grid. FIG. 8 1s a schematic diagram
illustrating traditional transmission systems that connect to electric power sources to
distribution facilities, including smart metering and advanced metering.

[0066] FIG. 9 1s a schematic diagram 1llustrating power generation or supply
balancing with customer demand for electric power within a grid. Electricity cannot be
stored cost effectively, so supply (generation) must be produced exactly when needed to
meet customer demand and to avoid system failure. Level in lake must be kept constant
at all times; this simply put 1s grid stability that includes and focuses on frequency (60
Hz) & voltage stability. Laws of physics dictate that power flows on path of least
resistance, not necessarily where we’d like 1t to.

[0067] FIG. 10 1s a schematic diagram 1llustrating balancing arcas and their
interaction for power generation or supply balancing with customer demand for electric
power within a grid, where utilities are connected by transmission lines and balancing
arcas. FIG. 11 1s a schematic diagram 1illustrating regions and balancing arcas and their
interaction for power generation or supply balancing with customer demand for electric
power within a grid. These balancing arcas (BAs) provide for opportunitics for the

clectric power grid and/or a multiplicity of grids that are constructed and configured for
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networked communication and power distribution therebetween. One of the main
reasons for collaboration across BAs 1s 1llustrated by FIG. 12, showing a graphic
illustration of daily load shape and base load for electric power grid operations, including
sufficient operating reserves to address peak load conditions. A single grid or sector
within a grid may not be operable to manage 1ts operating reserves through curtailment or
additional generation, in particular according to time requirements, as shown in FIG. 13,
where operating reserves are 1indicated as having different types of responsiveness
required for generation and operation of an electric power grid. By way of further
explanation, FIG. 14 bar graph shows applications of operating reserves of different types
and communications networks and timing for control events. Finally, FIG. 15 1llustrates
balancing resources within an electric power grid, including grid stability elements of
frequency.

[0068] The present invention systems and methods provide hereinbelow for power
trade blocks (PTBs) for facilitating the collaboration across balancing arcas and regions.
In preferred embodiments of the present invention, at Ieast one PTB 1s introduced and/or
provided to the electric power grid, including method steps of: valuing, trading, selling,
bartering, sharing ,exchanging, crediting, and combinations thercof. Thus the present
invention provides for electric trading market across BAs or microgrids or individual load
consuming customers.

[0069] Telemetry, measurement, verification, PSV, and other factors described
herein, in compliance with FERC 7435, provide with the present invention the capacity for
customers providing curtailment as operating reserves to be compensated for megawatts

at the clearing price. Clearing prices are either determined by many attributes including
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their location of where the power 1s delivered or accepted by a generator of power or a
purchaser of power. The term “Locational Marginal Pricing (LMP)” refers to a node
where power 1s either delivered from a generator or accepted by a purchaser. A node
corresponds to a physical bus or collection of buses within the network or any other
geodetically defined boundary as specified by the governing entity. A load zone 1s
defined as an aggregation of nodes. The zonal price 1s the load-weighted average of the
prices of all nodes 1n the zone. A hub is defined as the representative selection of nodes
to facilitate long-term commercial energy trading. The hub price 18 a simple average of
L.MPs at all hub locations. An external or proxy node 1s defined as the location that
serves as a proxy for trading between ISO-Balancing area and 1ts neighbors.

[0070] For vertically integrated utilities that do not have open markets as ISOs, their
delivery or acceptance of power can occur at their boundaries of their “Balancing Area”,
which 1s defined as the geography where their transmission and distribution system
extends and is subject to grid stability maintained by that utility. Balancing Authority
boundaries can also be delivery points or (LMP) pricing points. It should be noted that
vertically integrated utilities are subject to the same FERC and NERC rules as decoupled
utilities 1n ISOs, except 1n vertically integrated utilities, local public utility commissions
have more authority to enforce and enhance rules since the rate base 1s being charged for
improvements to the grid within the balancing arca (BA) that the utility serves. Table 1,
found at the end of this description, 1s a table 1llustrating three FERC orders and their
applicability to the electric power grid load management addressed by the present
invention. The trend 1n the world market 1s to inject market forces to utilities such that

they must follow new FERC rules that permit the use of demand response
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technologies/load curtailment technologies to promote the need for fewer large scale,
primarily fossil fuel power plants.

[0071] Power 1s generally traded 1n terms of “Capacity” the reserved peak amount of
power that a generator agrees to reserve for the utility, market participant, or REP; and
“Energy’ 1s defined as the amount of power consumed by the utility, market participant,
REP or any entity that 1s authorized to buy, sell or distribute power for the electric power
orid, consumers, particularly commercial accounts, also purchase power 1n this manner.
Energy 1s settled on the wholesale market 1n “MegaWatt Hours™, which 1s defined as one
(1) million watts of electricity consumed at a metering point, or interchange of power
such a LMP, transmission tic point between two utilities, a commercial customer large
cnough to consume such an amount, a utility (generating or distributing) or a market
participant including a REP that generally purchases the power from a generating utility
and utilizes the distribution network to supply 1ts power purchased at the wholesale level
and distributes 1ts power to end consumers/customers generally in smaller increments of
measurement “kilowatt hours (kWH).” These increments are important due to the
introduction of programs involving utilizing curtailment technologies enabled by FERC
Order 745 whereby utilities, market participants, REPs and CSPs may aggregate their
curtailment/DR 1n increments of “kW-representing a capacity figure” and “kWH” which
represents avoided energy. Peak “capacity’ charges are settled based upon intervals
whereby the instantancous peak (kW / MW) determines the “capacity’ charge.

[0072] In 2011, FERC 1ssued a series of orders that have had a pronounced impact on
the 1njection of new technologies, particularly distributed load resource, curtailment,

demand response technologies, to the market to be implemented across all of the US and
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with direct applicability to World markets. FERC Order 745, 1ssued March 15, 2011 and
adopted April 2011, and which 1s incorporated herein by reference 1n 1ts entirety,
provides that utilitics, market participants, CSPs, REPs or any other entity that can
aggregate a mimmimum trading block of power that can be accepted into the market, BA, or
utility service arca or regional trading arca (RTO) must be compensated for such
curtailment/load resource and demand response technology at the clearing price at the
nearest LMP as though 1t was generation. Said plainly, “Negawatts” have the same value
as “Megawatts.” Controversial, particularly to those utilities that still have the antiquated
practice of rate base recovery of assets to insure profits, the conditions of which these
“Negawatts” are compensated as “Megawatts™ place a high value on those
curtailment/load resource/demand response technologies that can create utility Operating
Reserves for the benefit of grid stability. Operating Reserves, previously defined, come
in different capacity and energy products or their equivalencies in the case of
curtallment/load resources/demand response and are compensated at the nearest LMP
based upon their ability to perform to the same level of measurement, verification,
responsiveness (latency) and settlement as generation. This high standard has the
practical effect of rewarding those advanced technologies that can perform as generation
equivalencies (load resources), while still allowing capacity products (traditional and
advanced demand response) to also participate in the market and perform the valuable
function of providing capacity and energy resources without the need for transmission
losses (avoided power avoids transmission of KWH / MWH to the endpoint, therefore
freeing up transmission and distribution lines to carry power elsewhere where 1t 1s

needed). It should be noted that most utilities do not have accurate measurements of
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distribution losses below their electrical bus (substation levels) and as such high
performance, IP based ALCs/service points that allow this information to be brought
forward to the utility operations promote the Operating Reserves and “Negawatts” and
add to their value.

[0073] Related US Patents and Patent applications, including US application serial
no. 13/172,389, filed 06-29-2011, which 1s a continuation of US application serial no.
12/715,195, tiled 03-01-2010, now US Patent 8032233, which is a divisional of US
application serial no. 11/895,909 filed Aug. 28, 2007, now US Patent 7715951, all of
which are incorporated herein by reference in their entirety; these documents include
descriptions of some active load management within power grids, and provide additional
background and context for the present invention systems and methods.

[0074] Also, 1n this document, relational terms, such as "first" and "second,” "top"
and "bottom," and the like, may be used solely to distinguish one entity or element from
another entity or element without necessarily requiring or implying any physical or
logical relationship or order between such entities or elements. The terms "comprises,”
"comprising,” or any other variation thereof are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus that comprises a list of
clements does not include only those elements, but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus. The term
"plurality of" as used in connection with any object or action means two or more of such
object or action. A claim element proceeded by the article "a" or "an" does not, without
more constraints, preclude the existence of additional 1dentical elements 1n the process,

method, article, or apparatus that includes the element.
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[0075] By way of definition and description supporting the claimed subject matter,
preferably, the present invention includes communication methodologies for messaging
via a communication layer. IP-based communications over a network are most preferred.
Correspondingly, and consistent with the communication methodologies for messaging
according to the present invention, as used throughout this specification, figures and
claims, the term "ZigBee" refers to any wireless communication protocol adopted by the
Institute of Electronics & Electrical Engineers (IEEE) according to standard 802.15.4 or
any successor standard(s), the term "Wi-F1" refers to any communication protocol
adopted by the IEEE under standard 802.11 or any successor standard(s), the term
"WiMax" refers to any communication protocol adopted by the IEEE under standard
802.16 or any successor standard(s), and the term "Bluctooth" refers to any short-range
communication protocol implementing IEEE standard 802.15.1 or any successor
standard(s). Additionally or alternatively to WiMax, other communications protocols
may be used, including but not limited to a “1G” wireless protocol such as analog
wireless transmission, first generation standards based (IEEE, ITU or other recognized
world communications standard), a “2G” standards based protocol such as “EDGE or
CDMA 2000 also known as 1XRTT?”, a 3G based standard such as “High Speed Packet
Access (HSPA) or Evolution for Data Only (EVDQO), any accepted 4G standard such as
“IEEE, ITU standards that include WiMax, Long Term Evolution “LTE” and 1ts
derivative standards, any Ethernet solution wireless or wired, or any proprictary wireless
or power line carrier standards that communicate to a client device or any controllable
device that sends and receives an IP based message. The term "High Speed Packet Data

Access (HSPA)" refers to any communication protocol adopted by the International
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Telecommunication Union (ITU) or another mobile telecommunications standards body
referring to the evolution of the Global System for Mobile Communications (GSM)
standard beyond 1ts third generation Universal Mobile Telecommunications System
(UMTS) protocols. The term "Long Term Evolution (LTE)" refers to any communication
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 (CDMA) Evolution Date-Optimized (EVDO) Revision A (CDMA EVDO Rev.
A)" refers to the communication protocol adopted by the ITU under standard number
TIA-856 Rev. A.

[0076] It will be appreciated that embodiments of the invention described herein may
be comprised of one or more conventional processors and unique stored program
instructions that control the one or more processors to implement, 1n conjunction with
certain non-processor circuits, some, most, or all of the functions for managing power
load distribution and tracking individual subscriber power consumption and savings in
on¢ or more power load management systems as described herein. 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 mnput 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 on¢ or

more application specific integrated circuits (ASICs), in which each function or some
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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, 1t 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 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.

[0077] Recently, the IEEE and ITU have released improved WiMax and Long Term
Evolution wireless standards that have facilitated the consideration of new technologies
to improve the response and control of power load control devices employing smart
breaker and smart disconnect switches that include advanced smart meters where 1P
multimedia gateways are embedded or attach as separate connected printed circuit
boards, submetering technologies that possess sufficient “revenue grade” metrology such
that the measurements provided by these devices may be accepted for settlement
purposes. The term “revenue grade” 1s an industry term, as will be appreciated by one of
ordinary skill in the art, a percentage of accuracy determined by ANSI, which means that
power measurement must be within 2% of the actual value being consumed. Thus,
calibration standards are provided accordingly to OEMs of power measuring devices
and/or chips. In embodiments of the systems and methods of the present invention, these
calibration standards are met via components including a chipset and related software,

and the transmittal of the power measurement 1nformation via IP-based communications
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as sct forth hereinabove. Baselining techniques that provide a reference power usage
point, sampling techniques that allow for verification of the power “state” and power
consumption data for electricity consuming devices (inductive or resistive), reactive
power, Power Factor, start-up current, duty cycles, voltage, consumption forecasts and
most importantly real-time or near real time power measurement sampling, , etc. are
required to derive a Power Supply Value (PSV) that includes an American National
Standards Institute (ANSI), ISO, grid operator, governing body revenue measurement,
ctc., which 1s preferably aggregated to reach the size of at least a single Power Trade
Block (PTB) unit for the purposes of optimally monetizing the active load management
from the customer perspective. PTBs are dependent on a grid operator, regional
transmission operator, or independent system operator to determine the capacity size (in
kW or MW) or energy data in (KWH or MWH) that can be accepted for bidding, trading,
settlement by the utility, the end consumer/customer, the market participant, the CSP,
demand response aggregator or any entity authorized by the government entity that
regulates grid operators such as FERC, NERC etc. Generally due to measurement,
verification, transmission and/or distribution modeling (which considers the impact to the
orid from the curtailment activities at any geodetic location on the grid, but generally
modeled by clectrical bus or substation), the minimum acceptable PBT 1s 100 kW at the
time of the present invention. This limitation 1s not expected to be permanent, given
these advancements 1n measurement/verification, the near real time or real time
IP/Ethernet based telemetry capabilities presented by a plurality of various
communications methods as discussed 1n this embodiment and the advancements in

service oriented architecture based (SOA) software and hardware subsystems, when

31



CA 02877307 2014-12-18

WO 2013/192432 PCT/US2013/046833

combined with an ALD and ALC that can perform at a sublevel such that the minimum
PTB can be determined at the device, home, building, service point, commercial,
industrial, transformer, feeder, substation, transmission line and any sub-point along the
transmission and distribution feeder system of an electrical grid as so long as minimum
telemetry, measurement, verifications, validation are met and are capable of being
aggregated to a mimimum PTB acceptable to the grid operator, ISO, RTO, BA or any
other increment of grid topography used now or 1n the future for settling power block
increments by sub-PTB.

[0078] Embodiments of the present invention expand upon and enhance prior
technologies by, among other things, employing WiMax, High Speed Packet Access
(HSPA), Evolution for Data Only (EVDO), both considered 3™ generation wireless
standards, Long Term Evolution (LTE) and 1ts derivative standards, IEEE 802.11 (X)
also known as “WiF1” and 1ts derivative standards inclusive of “Muliple Input Multiple
Output” (MIMO), as set forth in the communication methodologies hereinabove, a
plurality of proprictary mesh and point to point communications solutions or any Internet
Protocol (IP)-based load control 1n a system with the ability to monitor and measure, 1n
real time or 1n sufficient time increments to satisty the telemetry performance standards
as established by the Government or governing bodies (ex: National Electric Reliability
Corporation (NERC), the Federal Energy Reliability Commission (FERC) the amount of
power deferred, conserved or removed (or carbon, SO,, or NO, eliminated), such as by
way of example the Kyoto or Copenhagen Protocols that set up carbon credits. These
improvements allow new options for electric utilities or any market participant to defer or

invest 1n new power generation that 1s friendlier to the environment.
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[0079] IP-based power management 1s advantageous over existing systems for many
reasons. This 18 particularly true for communications and control that employ Internet
Protocol Version 6 (V6) whereby each load consuming device (ALC), meter, load control
device, programmable thermostat (PCT), building control system or any device utilized
for the measurement and control of power, and/or derivation of PSV and/or PTB for the
purposc of power management can have 1ts own static IP address, virtual private network
with enhanced security, to provide for operating reserves acceptable to the grid regulator,
operator, or equivalent. Revenue grade metrology and IP-communication of a unique
identifier, such as by way of example and not limitation, a static IP address or
dynamically assigned IP address through IP V4 to provide for a unique 1dentifier at that
time, for each of the power consuming device(s), load control device(s), and
combinations thereof are critical for the real-time aggregation of PSVs to form at least
one PTB corresponding to the load curtailment event. Thus, every piece of hardware
having an IMEI (international manufacturer equipment 1dentifier) and electronic serial
numbers or MAC address are combinable with IP V6 so that each device has a unique
identifier that provides for enhanced security and settlement. Other well established
methods of secure transmission include the use of encryption “keys” widely used
amongst the transmission of information between two IP based or proprictary solutions
for the secure communication of PSVs, PBTs, equipment 1dentifiers, “states”, or any
other grid stabilizing command, control or status message necessary to implement
advanced load curtailment, load resources, or demand response for purposes of creating

or aggregating individual load sources, groups of load sources, or any sub increment to
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create Operating Reserves and other grid stabilizing reserves that improve grid stability
and operation.

[0080] For example, positive control allows a system controller to receive a response
from an end device installed at a customer location, which indicates that the actual target
device has turned "off" or "on”, or reduced, as in the case of a variable speed inductive
device or a variable power consuming resistive device whereby complete operation 1s not
interrupted but power consumption 1s reduced to create the operating reserve via
curtallment of some but not all of the power from the power consuming device.
Additionally, each equipment 1dentifier 1s unique and each IP address 1s either
dynamically assigned when the device 1s activated (e.g., through use of the dynamic host
configuration protocol (DHCP)) or statically assigned by the serving IP network, thereby
providing enhanced security to protect against an act of random terrorism or sabotage
inadvertently shutting down power services. Existing power management systems,
including those utilizing radio subsystems that operate in unlicensed and uncontrolled
spectrum bands such as the FCC 1s 1in bands, do not address security problems adequately
and thus are more likely susceptible to hostile or malicious acts. Further embodiments of
these 1dentifiers include the use of MAC addresses, standards based encryption keys, and
the normal encryption technologies that are inherent with the use of standards based
communications methods such as HSPA, EVDO and LTE where packets are encrypted
from the point they leave the radio base station or in some cases the router and even the
application layer itself. Further embodiments include Virtual Private Network (VPN) and

VPN tunnels that form virtual physical layer connections via an IP transport layer.
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[0081] IP-based systems are also bandwidth or network efficient. For example, IP
devices are controlled via the 7-layer Open Systems Interconnection (OSI) model
whereby the payload of each packet can contain a message or "change 1n state” or any
other message required 1n the previous embodiments for purposes of stabilizing, statusing
and the creation of Operating Reserves for an electric grid or microgrid and does not
require synchronous communication. This method of transmission (for example “UDP”
communications) allows for very minimum overhead and low data rates on a broadband
network. For proprietary ‘mesh” networks whose bandwidth performance 1s very poor
and an IP message may be encapsulated in a proprietary data packet that may or may not
contain encryption, an efficient asynchronous communication method may be the only
way to send out a plurality of messages and message type for command and control or
status reporting. Additionally, IP devices can report many states that are important to an
clectric grid operator, market participant. These states supply compliance information
necessary for the entity to receive command and control to insure the safe and reliable
operation of the grid, but are also necessary for measurement, verification, telemetry,
settlement and Power Supply Values to provide the information needed to comply with
the grid operator’s standards to deliver Operating Reserves or any Demand response
products where the end results improve grid stability and will allow the consumer, utility,
market participant, REP, CSP etc. to receive monetary compensation for supplying these
products as contemplated in FERC Order 745. These commands, including "no power”
for outage or for simple demand response compliance measured and verified at the device
level, the meter level, the electrical bus level or a plurality of all the above. Furthermore

these commands are aggregated and presented to the grid operator or utility so that
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“many’”’ end points can be simultancously operated as one resource and responsive to an
EMS. For example, the active load client 300 may be implemented with a battery backup
mechanism to provide backup or auxiliary power to the active load client 300 when AC
power 18 lost. In this case, when battery backup 1s invoked, the active load client 300 can
report a "'no power" condition. Alternatively, a "no power" condition may be assumed 1f
an active load client 300 fails to timely respond to a message (¢.g., a poll or other
message) from the ALD server 100, particularly where multiple active load clients 300 1n
a geographic area fail to timely respond to the ALD server messaging or multiple UDP
packets recerve no acknowledgement. Because the geographic location of each customer
premises and active load client 300 may be known at the time of 1nstallation or thercafter
(¢.g., using GPS coordinates), such network outages may be located on a per meter basis,
or per load consuming device basis.

[0082] A multiplicity of use cases for communications 1s provided under the systems
and methods of the present invention. Messaging under the present invention includes
any and all commands, queries, etc. that relate to the profiles of the devices, “health” of
the grid, status information, etc. Profiles automatically drive what 1s started, when, for
controlled restart, rather than only controlled restart commanded by the utility; the
present invention provides for either the profiles and/or the utility to communicate for
command and control, in particular for providing for grid stability.

[0083] Further embodiment allows the ALD server to provide prior to the loss of
communication or power a sct of profiles or commands to be executed at the ALC level
such that they operate autonomously providing the operating reserves that the grid

operator or utility desires, storing the measurement and verification information for
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transmittal later, or 1n the case of a power loss, very precise “re-start” procedures such
that the stmultancous 1mpact of a power restoration from a grid operator does not have
the adverse effect of overloading the generation and distribution system. These
embodiments of a “controlled restart” may also apply to a Customer Profile where the
most mission critical devices at a consumer location are prioritized, known to the utility
via a Power Supply Value and other load characteristics such as power factor, voltage,
current, reactive power or any other grid stabilizing metric that 1s reported historically by
the ALC such that the grid operator OR the customer can use these autonomous profiles,
autonomous ALCs and memory in same to create “microgrids” that autonomously
operate independent of the macro-grid operator and provide grid stablizing load resources
to those consumers that are 1solated via the microgrid where other supply sources that can
power and operate the microgrid either under the operation of a computer controlled
system and apparatus or a separate utility or microgrid operator exists and may operate
autonomously until communication with a host ALD 1s re-established.

[0084] One of the most beneficial advantages of an IP-based power management
system, as provided in one embodiment of the present invention, 1s accurate reporting of
the actual amount of power available for the creation of Operating Reserves via a distinct
PSV value at the time the reserves are needed, a forecast of Power available via the
customer profiles due to a plurality of methods that include known “expected” behavior
of customer and load consuming devices, the baseline methods previously described, and
the ability to allocate different types of operating reserves based upon the Grid Operator,
CSP, MP, Utility, and equivalent’s needs at the given condition of the the grid as well as

power saved by each customer on an individual basis. Embodiments of the present

37



CA 02877307 2014-12-18

WO 2013/192432 PCT/US2013/046833

invention monitor and calculate precisely how many kilowatts (or carbon credits) are
being generated or saved per customer instead of merely providing an estimate. These
values are stored 1n a Power Supply Value (PSV), wherein the historical consumption,
the real time consumption, the baseline consumption data as provided by standards
supplied by the governing body (NAESBY, FERC, NERC) establish the PSV that 1s used
for transmitting via the IP message the information necessary for grid stabilizing
operating reserves. Furthermore, embodiments of the present invention provide means
for tracking the actual amount of deferred load and pollutants according to generation
mix, serving utility and geographic arca. These deferred pollutants are recognized as
“Rencewable Energy Credits” as exemplified by the recently passed North Carolina Law
known as Senate Bill 567, where these PSV derived “Negawatts” count towards a
ogenerating and distributing utilities obligations for supplying renewable energy as a
percentage of their total generation mix. According to the present invention, 1f device
curtallment 18 measured, verified, settled within the parameters established, then utility
can accept the supply that would have been available 1n the case of curtailment event,
then renewable energy credits are available to the consumer / device, 1.¢., megawatts
cqual renewable energy credits.

[0085] The present invention provides systems and methods for managing power
supplied over an electric power grid by an ¢lectric utility and/or other market participants
to multiple power consuming devices, cach of which having a Power Supply Value
(PSV) associated with its energy consumption and/or reduction 1n consumption.
Preferably, according the systems and methods of the present invention, generation of the

PSV includes estimating and/or baselining. Furthermore, PSV applications for carbon
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credits may be geodetically dependent, measured, or computed based upon electricity
consumed from a source; for carbon credits, PSV 1s then based upon fossil fuel electricity
climinated through efficiency, reduction and baselining, provided that the PSV 1s
measurable and verifiable.

[0086] Power tlow to the power consuming devices 1s selectively enabled, reduced
and disabled by one or more controllable devices controlled by the client device
measured with PSV accuracies that are able to be recognized by the governing bodies
within revenue grade metrology such that the ALC becomes 1n essence a sub-meter with
PSV values that can report over the IP connection a plurality of states necessary for grid
stability and control over each ALC via the ALD such that each distribution point on the
orid may be stabilized at each point of the distribution or transmission system to effect
orid stabilization holistically rather than reacting to conditions as they occur. Power
control messages from a controlling server indicate amounts of ¢lectric power to be
reduced and/or Operating Reserves to be created and an 1dentification of at least one
controllable device to be instructed to disable, reduce or consume more a tflow of electric
power to one or more associated power consuming devices depending on the type of
Operating Reserves needed at the time of activation by the ALD through the IP
connection to the associated ALC to create the desired Operating Reserve or grid
stabilizing reserves. Notably, the power control commands include a power inquiry
command requesting the server to determine an amount of electric power available (PSV)
for temporary reduction or increase from supply or adding to supply (for example, Auto
Reg up for regulating reserves/ Reg Down) by a requesting clectric utility, market

participant or electric power grid operator(s) and wherein the command processor 1ssucs
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an assoclated power control event message responsive to the power inquiry command,
the server further comprising: a database that stores current power usage information for
the at least one electric utility or electric power grid operator(s), wherein the event
manager accesses the utility database responsive to receipt of the associated power
control event message and communicates a response to the power inquiry command
indicating the amount of power available for temporary reduction based on the current
power usage information and the corresponding Power Supply Value derived or
generated therefrom. This polling command also functions as an “alert” to provide the
power consuming device via the ALC to report the PSV, state, reactive power, voltage,
current, or any other grid stabilizing metric to the ALD such that the ALD can by
clectrical bus, by regional transmission organization, by Balancing Authority, by
microgrid, by individual consumer or by individual transformer or any other system at
any point on the distribution system of the grid or microgrid a plurality of information
such that the ALD can prioritize the order, the type of curtailment, reduction 1n power or
profile to effect to stabilize the grid or microgrid or to supply the utility, REP, market
participant, CSP or other an instantancous and accurate snapshot of the available resource
for dispatch and to prepare the ALC to look for a priority message delivered via an 1P
flag or specially formatted message so that the message combined with the Alert has the
orid stabilizing effect. Thus, the present invention systems and methods provide for
creation of the grid stability product and/or operating reserve; messaging 18 used for
status, grid “health”, down to device level.

[0087] In preferred embodiments of the present invention, operating reserve

messages are prioritized over network, including over other tratfic on the network.
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Furthermore, priority messaging 1s further includes so that on standards-based or
proprictary communications networks that have sufficient speed, measurement (PSV) and
are responsive to an EMS that have network priority over other packets, such that
emergency and/or critical infrastructure protection power management commands receive
priority over any other power control commands, to transmit those messages over other
non-critical traffic.

[0088] In one embodiment of the present invention, a system for managing power on
an clectric power grid that 1s constructed and configured for supplying and receiving
power from a multiplicity of sources, where the power flows to a plurality of power
consuming devices or 1S generated by a plurality of power generation and storage
solutions that are enabled and disabled by a plurality of controllable devices, wherein the
system includes: a server comprising a command processor operable to receive or 1nitiate
power control commands and 1ssue power control event messages responsive thereto, at
least one of the power control commands requiring a reduction or increase [more detail
for regulating reserves here] 1n an amount of electric power consumed by the plurality of
power consuming devices; an event manager operable to receive the power control event
messages, maintain at least one power management status relating to each client device
and 1ssue power control event instructions responsive to the power control event
messages that may be initiated from a market participant, a utility, or an electric grid
operator; a database for storing, information relating to power consumed by the plurality
of power consuming devices and based upon the amount of power to be reduced to each
of the power consuming devices, generating a first power supply value (PSV); and a

client device manager operably coupled to the event manager and the database, the client
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device manager selecting from the database, based on the information stored 1n the
database, at least one client device to which to 1ssue a power control message indicating
at least one of an amount of electric power to be reduced or increased and identification
of at least one controllable device to be mstructed to disable a flow of electric power to
one or more associated power consuming devices responsive to receipt of a power control
event instruction requiring a reduction 1n a specified amount of electric power; the
plurality of controllable device and corresponding device interfaces facilitating
communication of power control instructions to the controllable devices, the power
control instructions causing the at least one controllable device to selectively enable and
disable a flow of power to the power consuming device(s); and a device control manager
operably coupled to the controllable device interfaces for 1ssuing a power control
instruction to the controllable devices through the controllable device interfaces,
responsive to the recerved power control message, the power control instruction causing
the controllable device(s) to disable a flow of electric power to at Ieast one associated
power consuming device for reducing consumed power, and based upon the reduction 1n
consumed power, generating a second power supply value (PSV) corresponding to the
reduction in consumed power.

[0089] This embodiment may further include a combination of a processor, database,
event manager, preferences manager and market conditions to include price of electric
power, grid stabilization events and location of customer relative to the grid operator’s
generation, transmission, and distribution elements would effect a change on the electric
orid by a change in the power consuming devices utilizes some or all of the information

provided by the grid operator, market participant, or utility to automatically or manually

42



CA 02877307 2014-12-18

WO 2013/192432 PCT/US2013/046833

through a plurality of communications methods (smart phone, computer, text response,
phone message) elect to curtail or consume power to effect a change to the normal
operation of a plurality of power consuming power devices 1n exchange for credits,
cconomic / monetary incentives, rewards programs, or carbon / green credits. This
provides that a customer receives a real time or near real time signal from a grid operator
that alerts them to an economic event that would allow them to make substantial
compensation for curtailing or accepting power at that minimum time 1nterval for both
reporting and responding as established by the governing entity. This is real-time pricing
for grid stress/stabilization or very high commodity pricing.

[0090] Preferably, market pricing conditions via a customer profile that can be loaded
to a smart phone or moreover a profile that automated controls based upon previously
selected economic messages.

[0091] Embodiments of the present invention include an exemplary system for
supporting a serving utility or power distributor (¢.g., such as a municipality, electric
cooperative, or any other wholesale or retail producer of electric power, and/or any
market participant associated with electric power consumption, reduction of
consumption, and/or supply, and combinations thercot), methods for providing
continuous, real time active power control 1n the system, and a method for determining
how much actual load may be controlled at any given time for the purposes of
conservation, alternative power generation and the creation of carbon (and other gaseous
emissions) credits, which are all under the authority of grid operator, governing authority,

or equivalent, and based upon corresponding regulations such as by way of example and

not limitation FERC, NERC, etc.
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[0092] Additional embodiments of the present invention provide a system that
implements the exemplary methods through the unique use of load information, location
of customers consuming electricity, changes in state of controlled devices, current
sensing, customer set points/preferences and artificial intelligence (¢.g., as implemented
through software) to optimize the presentation of load available to the serving utility for
control.

[0093] Generally, the embodiments disclosed 1n the present invention are directed
towards the real time (active) control of residential and commercial electrical devices that
generally are 240V or less. However, specific features and functions may also be
applicable to larger commercial installations that are greater than 240V. The description
herein 18 intended to provide a practical implementation of real time load management for
cither voluntary or involuntary participants over large geographies and 1deally for many
serving electrical power producers, wholesalers or distributors. The exemplary methods
and systems disclosed 1n the present invention may be implemented by an individual
utility provider, or a third party monitoring service that tracks and manages power
loading for one or more utilities. This application describes the necessary methods and
generally describes software subsystems for both a host function (e.g., an active load
director (ALD) server) and a companion active load client (ALC).

[0094] Onec embodiment of the present invention controls power distribution for a
variety of electric utility companies or any other electric power grid operator(s) by
actively monitoring the amount of power needed by each utility and supplying the
required power by redirecting power from participating customers. In this embodiment,

customers agree to allow the power management system to disable certain power-
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consuming devices during peak loading times of the day. Smart breakers, load control
switches (submetering ALCs) or any other device that can be interfaced or added within
an clectric consuming device or added at the point where the electric consuming devices
recerves power from a wall socket or any other electrical connection which have the
ability to be switched on or off remotely, are installed for specific devices 1n an electric
service control panel accessed by a known IP address. Alternatively, IP-addressable
smart appliances may be used. The power management system determines the amount of
stcady-state power cach device consumes when turned on and logs the information in a
database for cach subscriber. For example, a current sensor on cach smart appliance or
within each smart breaker or power measurement circuit that 1s incorporated 1n the device
that serves as a de-facto ALC with metrology sufficient to be accepted as a PSV for
aggregation to the ALD for the creation of Operating Reserves may measure the amount
of current consumed by each monitored device. An active load client then multiplies the
amount of current consumed by the operating voltage of the device to obtain the power
consumption, and transmits the power consumption to the ALD server. When the serving
utility needs more power than 1t 1s currently able to supply, the power load management
system automatically adjusts the power distribution by turning off or reducing specific
loads on an 1individual device or subscriber basis. Because the amount of power
consumed by each specific load 1s known via the PSV and aggregated via the PBT, the
system can determine precisely which loads to turn off or reduce and tracks the power
savings generated by each customer as a result of this short-term outage.

[0095] Furthermore, based upon the reduction in consumed power, the systems and

methods of the present invention provide for generating at the control center a power
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supply value (PSV) corresponding to the reduction in consumed power by the power
consuming device(s). Importantly, the PSV 1s an actual value that includes measurement
and verification of the reduction in consumed power; such measurement and verification
methods may be determined by the appropriate governing body or authority for the
clectric power grid(s). Power Supply Value (PSV) 1s calculated at the meter or submeter
or at building control system or at any device or controller that measures power within
the standard as supplied by the regulatory body(ies) that govern the regulation of the grid.
PSV variations may depend on operating tolerances, operating standard for accuracy of
the measurement. PSV further includes forecasting, statistical sampling, baselining, and
combinations thercof. The PSV enables transformation of curtailment or reduction 1n
power at the device level by any system that sends or receives an IP message to be related
to or equated to supply as presented to the governing entity that accepts these values and
award supply equivalence, for example of a power generating entity or an entity allowed
to control power consuming devices as permitted by the governing body of the electric
power grid, ¢.g., FERC, NERC, etc.

[0096] PSV may be provided 1n units of capacity, demand, electrical power flow,
time, monetary equivalent, and combinations thercof. Thus, the PSV provides an actual
value that 1s confirmed by measurement and/or verification, thereby providing for a
curtallment value as a requirement for providing supply to the power grid, wherein the
supply to the power electric power grid 18 provided for grid stability, voltage stability,
reliability, and combinations thereof, and 1s further provided as responsive to an energy
management system or equivalent for providing grid stability, reliability, frequency as

determined by governing authority for the electric power grid and/or grid operator(s).
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[0097] The present invention can be more readily understood with reference to the
Figures. FIG. 16 provides a schematic diagram 1llustrating components including ALD,
ALC, and IP communications for distributed grid intelligence within systems of the
present invention.

[0098] Smart grid configurations are preferred under systems and methods of the
present invention. By way of example, consider embodiments in FIGs. 14-16, which
provide schematic diagrams that illustrate smart grid with decentralized networks
according to systems and methods of the present invention.

[0099] FIG. 20 shows a schematic diagram for supply from utility, market
participant, CSP, and/or REP, ALD / cloud layer, ICCP, control and dispatch, and micro-
orid enablement according to systems and methods of the present invention.

[00100] As set forth hereinabove, the present invention provides systems and methods
for generating operating reserves for an electric power grid. Correspondingly, Table 2
provides a tabular 1llustration of operating reserves categories and base load, wherein the
hicrarchy of inclusiveness descends from left to right; FIG. 21 1s a schematic diagram
representing operating reserves for supply side generation of electric power for a grid,
ALD, ALC, power consuming devices, and other components of the systems and
methods of the present invention for generating operating reserves of different categories.
[00101] FIG. 22 1s a schematic diagram showing one embodiment of the present
invention including power consuming devices, control devices, ALC, ALD, customer
profile, IP communication network, and grid telemetry components of systems and

methods of the present invention.
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[00102] FIG. 23 1s a schematic diagram showing one embodiment of the present
invention including EMS, power consuming devices, control devices, ALC, ALD,
customer profile, IP communication network, and grid telemetry components of systems
and methods of the present invention. In another 1llustration, FIG. 24 shows a schematic
diagram for one embodiment of the present invention including EMS, power consuming
devices, control devices, ALC, ALD, customer profile, IP communication network, and
orid telemetry components of systems and methods of the present invention.

[00103] Table 3 1s a list of consumer- and supplier-adjustable parameters as examples
for systems and methods components according to the present invention. FIG. 25 1s a
flow diagram illustrating method steps for energy-consuming devices and the generation
of power supply value (PSV) for those devices, according to embodiments of the present
invention, including learning profile. Furthermore, FIG. 28 shows a tflow diagram for
methods of the present invention for calculating the time period for environmentally
dependent and independent devices and determining or generating power supply value
(PSV) for those power-consuming devices.

[00104] By way of example, for temperature or environmental-factor controlling
devices as power consuming devices, FIG. 26 provides a graph showing at least three (3)
dimensions for factors associated with load consumption and devices managing
temperature control for corresponding power consuming devices, including the change 1n
factors over time. FIG. 27 1s a graph showing first, second, and additional standard
deviations of for the chart of drift versus time, for use with the systems and methods of
the present invention. When the ALD 1s automatically considering load curtailment,

preferably a search algorithm provides the most load against the least amount of
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consumers impacted. Based upon the thermal drift of structures, additional structures are
identified and selected, to provide required curtailment for grid stability. Each structure
has 1ts own factors, as illustrated 1n FIG. 26. Thus, the ALD selects and provides
instructions to the ALCs and/or power consuming devices based upon profiles and
attributes. Preferably, the system stores in memory on the server computer associated
with the database for storing information relating to the energy management system and
its various components described 1n the specification, identification of the last power
consuming device(s) used for satisfying a load curtallment event, and automatically shifts
their categorization for the ALD for purposes of selection for the next curtailment event.
[00105] Additionally, the following figures, in which like reference numerals
designate like 1items. FIG. 29 depicts an exemplary IP-based active power load
management system 10 1n accordance with one embodiment of the present invention. The
exemplary power management system 10 monitors and manages power distribution via
an active load director (ALD) server 100 connected between one or more utility control
centers (UCCs) 200 (one shown) and one or more active load clients (ALCs) 300 (one
shown). The ALD server 100 may communicate with the utility control center 200 and
cach 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 server 100
may communicate using RF systems operating via one or more base stations 90 (one
shown) using one or more wireless communication protocols, such as Global System for
Mobile communications (GSM), Enhanced Data GSM Environment (EDGE), High
Speed Packet Access (HSDPA), Time Division Multiple Access (TDMA), or Code

Division Multiple Access data standards, including CDMA 2000, CDMA Revision A,
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and CDMA Revision B. Alternatively, or additionally, the ALD server 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 1n FIG. 22, the ALD server 100 communicates with one or more active load
clients 300 using a combination of traditional IP-based communication (¢.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.

[00106] Each active load client 300 1s 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 1n the business or residence 20 to which the active load
client 300 1s associated (e.g., connected or supporting). Each active load client 300 1s
assoclated with a single residential or commercial customer. In one embodiment, the
active load client 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), and vice versa, responsive to signaling from the active load client 300. Smart
breaker modules may include, for example, smart breaker panels manufactured by
Schneider Electric SA under the trademark "Square D" or Eaton Corporation under the
trademark "Cutler-Hammer" for installation during new construction. For retro-fitting
existing buildings, smart breakers having means for individual identification and control
may be used. Typically, cach smart breaker controls a single appliance and may be
embedded 1n circuits or individual appliances or appliance controls or appliance control
devices, whether internal to the device housing, or external thereto (e.g., a washer/dryer

30, a hot water heater 40, an HVAC unit 50, or a pool pump 70).

50



CA 02877307 2014-12-18

WO 2013/192432 PCT/US2013/046833

[00107] Additionally, the active load client 300 may control individual smart
appliances directly (¢.g., without communicating with the residential load center 300) via
one or more of a variety of known communication protocols (¢.g., IP, Broadband over
PowerLine (BPL) 1n 1ts various forms, including through specifications promulgated or
being developed by the HOMEPLUG Powerline Alliance and the IEEE, Ethernet,
Bluetooth, ZigBee, Wi1-F1, WiMax, ctc.). Typically, a smart applhiance 60 includes a
power control module (not shown) having communication abilities. The power control
module 18 1nstalled in-line with the power supply to the appliance, between the actual
appliance and the power source (e.g., the power control module 1s plugged into a power
outlet at the home or business and the power cord for the appliance 1s plugged 1nto the
power control module). Thus, when the power control module receives a command to
turn off the apphance 60, 1t 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).

[00108] Referring now to FIG. 30, the ALD server 100 may serve as the primary
interface to customers, as well as to service personnel. In the exemplary embodiment
depicted 1in FIG. 30, the ALD server 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 customer sign-up application 116, customer personal settings 138, a
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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 P &
C database 134, a read meter application 136, and a security device manager 140.
[00109] Using the web browser interface 114, 1n one embodiment, customers interact
with the ALD server 100 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. Additional details of the customer sign-up application 116 are discussed
below. Customers may also use the web browser interface 114 to access and modify
information pertaining to their existing accounts or information pertaining to their load
consuming devices (by way of example and not limitation, the information includes
consumption, efficiency, and the like).

[00110] The ALD server 100 also includes a UCC security interface 102 which
provides security and encryption between the ALD server 100 and a utility company's
control center 200 to ensure that no third party 1s able to provide unauthorized directions
to the ALD server 100. A UCC command processor 104 receives and sends messages
between the ALD server 100 and the utility control center 200. Similarly, an ALC
security interface 110 provides security and encryption between the ALD server 100 and
cach active load client 300 on the system 10, ensuring that no third parties can send

directions to, or receive information from, the active load client 300. The security
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techniques employed by the ALC security interface 110 and the UCC security interface
102 may include conventional symmetric key or asymmetric key algorithms, such as
Wireless Encryption Protocol (WEP), Wi-Fi1 Protected Access (WPA and WPA2),
Advanced Encryption Standard (AES), Pretty Good Privacy (PGP), or proprictary
encryption techniques or embodiments approved by the governing bodies pertaining to
critical infrastructure protection (CIP).

[00111] In one embodiment, the commands that can be received by the UCC
command processor 104 from the electric utility's control center 200 include a "Cut”
command, or reduce command, a "How Much" command, or PSV, PBTY, priority —
based command, an "End Event" command, and a "Read Meters" command. The "Cut"
command instructs the ALD server 100 to reduce a specified amount of power for a
specified amount of time. The specified amount of power may be an instantancous
amount of power or an average amount of power consumed per unit of time. The "Cut”
command may also optionally indicate general geographic areas or specific locati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>