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(57) Abstract: An active load management system (ALMS) controllably restarts electrical service to service points in a utility ser-
vice area after a power outage. The ALMS includes client devices installed at the service points and a central controller. In one
embodiment, the controller associates numbers with the service points and stores the associations. Each service point may be asso-
ciated with a unique number or a group of service points may share a number. After receiving notification that power is available,
the controller determines a number and communicates the number to one or more of the client devices. Where the number was de-
termined randomly, the client devices associated with the number may restart electrical service upon receipt of the number. Where
the number was determined sequentially, a client device may determine its own random number and compare it to the received
number. If a match occurs, electrical service can be restarted.
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CONTROLLED RESTART OF ELECTRICAL SERVICE WITHIN A UTILITY SERVICE AREA

BACKGROUND OF THE INVENTION
[0001] Field of the Invention

[0002] The present invention relates generally to the field of electric power generation and
distribution systems and, more particularly, to a method and apparatus for effecting controlled

restart of electrical service throughout a utility’s service area after a power outage.

[0003] Description of Related Art

[0004] In electric power systems, power outages occur for a variety of reasons. Some outages
are planned by a utility to temporarily reduce system load during periods of peak loading or to
accommodate infrastructure servicing or improvements. However, most outages are unplanned
and result from inclement weather, unexpected excessive demand, or system control errors.
[0005] In addition, brown-outs may occur when system load has been cut to offset or account
for power quality or supply issues. Brown-outs are used to avoid “dropping” or having a
catastrophic failure of a grid area for a generating or distributing utility. Each utility’s grid area is
interconnected with breakers and tie lines between one or more adjacent utilities so that a grid
area that becomes problematic can be isolated from other portions of the grid so as not to bring
down the entire system.

[0006] The restoration of power to utility customers after a blackout or brown-out is
generally considered to be a good thing to customers. However, restoring power to many
customers simultaneously or within a very short period of time can cause additional problems.
For example, power restoration after a planned or unplanned power outage often causes a
momentary and sometimes harmful “spike” or surge in power on the utility grid from generation
and distribution perspectives. An exemplary graph 100 illustrating power demand versus time
during a power restoration period is shown in FIG. 1. As illustrated in the graph 100, the
simultaneous restoration of power to many service points in a utility’s service area may cause
energy demand 101 to surge or spike momentarily to a very high level or peak for the utility. The
power spike may temporarily exceed the acceptable peak power supply 103 of the utility, as

illustrated in exemplary form in FIG. 1. If the power spike during restoration exceeds the
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acceptable peak power supply 103 of the utility, the utility may be forced to use some of its
reserve power, typically called “operating reserve.” FIG. 2 is a table or chart illustrating a
utility’s typical energy capacity. As shown in FIG. 2, operating reserve typically includes three
types of power: so-called “regulating reserve,” “spinning reserve,” and “non-spinning reserve” or
“supplemental reserve.” Spinning reserve and non-spinning reserve are collectively referred to as
“contingency reserve.” Therefore, operating reserve generally consists of regulating reserve and
contingency reserve. The types of operating reserve are discussed in more detail below as they
relate to the present invention.

[0007] Atypical changes in demand may occur that are so abrupt that they cause a substantial
fluctuation in line frequency within the utility’s electric grid. To respond to and correct for such
changes in line frequency, utilities typically employ an Automatic Generation Control (AGC)
process or subsystem to control the utility’s regulating reserve. Thus, the regulating reserve
component of a utility’s operating reserve is typically limited to correcting for changes in line
frequency. In other words, regulating reserve is typically used to regulate line frequency.
[0008] On the other hand, normal fluctuations in demand, which do not typically affect line
frequency, are responded to or accommodated through certain activities, such as by increasing or
decreasing an existing generator’s output or by adding new generation capacity. »Such
accommodation is generally referred to as “economic dispatch.” The contingency reserve
component of a utility’s opefating reserve (i.e., spinning reserve and non-spinning reserve)
provides the additional generating capacity that is available for use as economic dispatch to meet
changing (increasing) demand.

[0009] As shown in FIG. 2, spinning reserve is additional generating capacity that is already
online (connected to the power system) and, thus, is immediately available or is available within
a short period of time after a determined need (e.g., within ten (10) fo fifteen (15) minutes, as
defined by the applicable North American Electric Reliability Corporation (NERC) regulation).
Non-spinning reserve (also called supplemental reserve) is additional generating capacity that is
not online, but is required to respond within the same time period as spinning reserve. Typically,
when additional power is needed for use as economic dispatch, a power utility will make use of
its spinning reserve before using its non-spinning reserve because the generation methods used to
produce spinning reserve tend to be cheaper than the methods used to produce non-spinning

reserve or the perceived environmental impact resulting from the production of non-spinning
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reserve may be less desirable than the perceived environmental impact resulting from the
production of spinning reserve. For example, spinning reserve may be produced by increasing
the torque of rotors for turbines that are already connected to the utility’s power grid or by using
fuel cells connected to the utility’s power grid; whereas, non-spinning reserve may be produced
by turning off resistive and inductive loads, such as heating/cooling systems attached to consumer
locations, or by activating a standby (e.g., nuclear or coal-fired) power plant. However, making
use of either spinning reserve or non-spinning reserve (i.e., contingency reserve) results in
additional costs to the utility due to the costs of fuel, incentives paid to consumers for traditional
demand response, maintenance, and so forth. As a result, utilities use their contingency reserve
only when absolutely necessary. Use of contingency reserve is typically referred to as “cold load
pickup” and may last from seconds to a few minutes.

[0010] While the additional costs associated with use of contingency reserve are generally
undesired, such costs may butweigh the more onerous result of a restart spike, which may
overload and cause damage to some parts of the utility’s grid. A damaged grid can cause further
power problems to service areas sourced by the grid immediately after a restart. Thus, when
restarting electrical service after an outage, utilities are currently required to balance the costs of
using contingency reserve against the costs of possible damage to the grid.

[0011] Therefore, a need exists for an apparatus and method for effecting a controlled restart
within a utility service area that mitigates the likelihood of a restart spike without requiring use of

a utility’s contingency reserve.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 is an exemplary graph showing how energy demand can spike during a
conventional restart after a power outage.
[0013] FIG. 2 is a chart showing the various conventional power reserves available to a
utility.
[0014] FIG. 3 is a block diagram of an exemplary [P-based, active load management system
in accordance with one embodiment of the present invention.
[0015] FIG. 4 is a block diagram illustrating an exemplary active load director as shown and
used in the active load management system of FIG. 3. |

[0016] FIG. 5 is a block diagram illustrating an exemplary active load client and smart
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breaker module as shown and used in the active load management system of FIG. 3.

[0017] FIG. 6 is an operational flow diagram illustrating a method for a central controller to
initiate a controlled restart of electrical service to service points in a utility service area, in
accordance with one exemplary embodiment of the present invention.

[0018] FIG. 7 is an operational flow diagram illustrating a method for an active load client to
initiate a restart without specific instruction from the active load director, in accordance with a
further exemplary embodiment of the present invention.

[0019] FIG. 8 is an operational flow diagram illustrating a method for a control device
located at a service point to initiate a restart of electrical service at the service point with
assistance of a central controller, in accordance with another exemplary embodiment of the
present invention.

[0020] FIG. 9 is a screen shot of an exemplary computer'display through which a utility
operator may view outages within a service area, in accordance with a further embodiment of the
present invention.

[0021] FIG. 10 is an operational flow diagram illustrating a method for a central controller to
initiate a restart of electrical service to service points in a utility service area based on customer
profiles, in accordance with yet another exemplary embodiment of the present invention.
[0022] FIG. 11 is an exemplary graph showing how energy demand may rise during a

controlled restart in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0023] Before describing in detail exemplary embodiments that are in accordance with the
present invention, it should be observed that the embodiments reside primarily in combinations
of apparatus components and processing steps related to effecting a controlled restart of electrical
service to service points within an electric utility’s service area so as to mitigate the likelihood of
a cold restart power spike without requiring use of the utility’s contingency reserve. Accordingly,
the apparatus and method components have been repfesented where appropriate by conventional
symbols in 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.



WO 2011/046589 PCT/US2010/002676

29 &L

[0024] In 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

99 4é3

between such entities or elements. The terms “includes,” “including,

9% 46 9% &%

contains,” “containing,”
“comprises,” “comprising,” “has,” “having” and any other variations thereof are intended to
cover a non-exclusive inclusion, such that a process, method, article, or apparatus that includes,
contains, comprises, or has a list of elements 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
moré 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 identical elements in the process,
method, article, or apparatus that includes the element.

[0025] 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), and the term “Bluetooth” refers to any short-range communication protocol
implementing IEEE standard 802.15.1 or any successor standard(s). The term “High Speed
Packet Data Access (HSPA)” refers to any communication protocol adopted by the International
Telecommunication Union (ITU) or another mobile telecommunications standards body referring
to the evolution of the Global System for Mobile Communications (GSM) standard beyond its
third generation Universal Mobile Telecommunications System (UMTS) protocols. The term
“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. The term “Long Term Evolution (LTE)” refers to any
communication protocol based on the Third Generation Partnership Project (3GPP) Release 8
from the ITU or based on a communication protocol from 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 and EVDO.

[0026] The terms “utility,” “electric utility,” “power utility,” and “electric power utility” refer
to any entity that generates and/or distributes electrical power to its customers, that purchases

power from a power-generating entity and distributes the purchased power to its customers, or

that supplies electricity created either actually or virtually by alternative energy sources, such as
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solar power, wind power, load control, or otherwise, to power generation or distribution entities
through the Federal Energy Regulatory Commission (FERC) electrical grid or otherwise. The
terms “energy” and “power” are used interchangeably herein. The terms “utility service area,”
“utility’s service area,” and “service area” may refer to an entire geographical area to which
electrical power is supplied by a particular utility or any portion of such geographical area.
[0027] It will be appreciated that embodiments or components of the systems 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, in conjunction with certain
non-processor circuits, some, most, or all of the functions for effecting controlled restart of
electrical service to service points within an electric utility’s service aréa 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, memory,
smart breakers, current sensors, and user input devices. As such, these functions may be
interpreted as steps of a method to store and distribute information and control signals between
devices in a power load management system so as to effect controlled restart of electrical service.
Alternatively, some or all functions could be implemented by a state machine that has no stored
program instructions, or in one or more application specific integrated circuits (ASICs), in which
each function or some combinations of functions are implemented as custom logic. Of course, a
combination of the foregoing approaches could be used. Thus, methods and means for these
functions have been described herein. Further, it is 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.

[0028] Generally, the present invention encompasses a method and apparatus for effecting
controlled restart of electrical service to service points within an electric utility’s service area
after a power outage or other stoppage of power. In accordance with one embodiment, a random
number is determined and associated with a single service point or a group of service points
within the service area. Where the random number is associated with a group of service points,

the quantity of service points in the group is less than the total quantity of service points in the
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utility service area affected by the power outage. The random number may be determined by a
central controller (e.g., an active load director) located remote from the service points or by a
control device (e.g., an active load client) located at a service point. The control device controls
the flow of electrical power to power consuming devices (e.g., heating, ventilation, and air
conditioning (HVAC) units, water heaters, pool heaters, pool pumps, water softeners, washers,
dryers, appliances, equipment, lighting, etc.) located at the service point. For example, the
random number may be generated and retained by the central controller or may be communicated
(e.g., as an Internet Protocol (IP) data packet) to the service point’s control device (e.g., where the
service point’s control device is operating with battery backup or has had power restarted to it) or
to the group of service points’ control devices. Still further, the random number may be
generated by each service point’s control device.

[0029] After determination of the random number, a time at which to restart electrical service
at a service point or at a group of service points is determined based at least on the random
number. For example, when the central controller generates the random number, the central
controller may further determine that electrical service may be restored or restarted to a particular
service point or group of service poinfs when a number assigned to or associated with the service
point or group of service points matches the random number. In such a case, the random number
may be a number randomly chosen between one and the total quantity of service points or groups
of service points in the service area (or the portion thereof) affected by the power outage. The
time at which restart may occur would be promptly or immediately after a match to the random
number was detected. To inform a service point control device (or control devices for a group of
service points) regarding the power restart time, the central controller may transmit a restart
message or command to the control device(s) instructing the control device(s) to immediately
permit a flow of power to controlled power consuming devices or providing a time at which the
flow of power may be permitted.

[0030] Alternatively, when the control device at a service point generates the random
number, the control device may further determine whether the generated random number matches
a number transmitted to it from the central controller. The number transmitted by the central
controller may be a random number generated by the central controller or anumber in a sequence
of numbers being traversed by the central controller. If a match occurs, then electrical service:

may be immediately restarted at the service point. If a match does not occur, then restart of
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electrical service is delayed until a match occurs. In this case, the original random number
generated by the service point’s control device may be compared to numbers sent over time by
the central controller or a new random number may be generated by the control device prior to
receipt of a new number from the central controller.

[0031] Alternatively, the service point’s control device may determine its own restart time
independent of receiving numbers or restart messages from the central controller. In this case,
the control device may estimate an amount of time required to complete a restart of electrical
service in the utility service area affected by the power outage. In one embodiment, the amouﬁt
of time required for restart may be received from the central controller or be prestored in a
memory of the control device. The control device may also determine a start time for
commencing the restart of electrical service in the utility service area. The start time may be the
time at which the control device begins receiving electrical power from the utility or may be
indicated in a message received from the central controller. Based on the start time and the
amount of time required to complete the restart, the control device estimates a completion time
for completing the restart of electrical service in the utility service area. For example, the
estimated completion time may be the start time plus the length of time required to complete the
restart.

[0032] To determine its own start time for supplying electrical power to power consuming
devices under its control, the service point control device may alternatively generate a random
number and determine a random start time for restarting electrical service at the service point
based on the random number and the previously determined overall start time for commencing
restoration of electrical service in the utility service area. For example, the random start time
may be the start time plus tile random number where the random number is in units of time and is
between zero and the amount of time required to complete the restart of electrical service in the
utility service area. After generating the random start time, the control device compares the
random start time to a current time of day. If the random start time is no later than the current
time of day, the control device restarts electrical service at the service point at the random start
time. If the random start time is later than the current time of day, the control device may repeat
the process again. In other words, the control device may generate'a new random number,
determine a new random start time based on the new random number and the start time, compare

the new random start time to the current time of day, and restart electrical service at the service
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point at the new random start time in the event that the new random start time is no later than the
current time of day.

[0033] Once the appropriate restart time has been determined, electrical power is supplied to
the power consuming device or devices located at the service point or group of service points at
the restart time. For example, the control device at a service point to be restarted may send a
message to a controlled device, such as a smart appliance control module or a smart breaker,
instructing the controlled device to permit current flow (e.g., by closing an appropriate switch or
switches) to the associated power consuming device or devices.

[0034] In yet another embodiment, customer profiles may be stored in a database accessible
by the central controller and such customer profiles may be used to determine a time for
restarting electrical service at a particular customer’s service point. For example, the central
controller may determine a customer profile associated with a particular service point by
retrieving the profile from the database or requesting it from another source, such as a control
device installed at the service point. In one embodiment, the customer profile includes a
connection/disconnection profile that includes information about power consuming devices (such
as medical-related devices) used by the customer that may adversely affect the customer in the
event of a loss of power, an indication of a priority of service for the service point, and other
connect/disconnect information about the customer. The central controller may then determine a
restart time for the service point based on the customer profile alone or in combination with other
information or procedures, such as in combination with the random number generation and
analysis procedure described above. For example, after the central controller generates a random
number and determines that the number matches a number associated with a particular service
point (or a group of service points that includes the particular service point), the central controller
may retrieve a customer profile for the service point to determine a priority of service for the
service point. If the priority of service is high (e.g., because the service point includes medical
equipment or is used by someone with health problems), then the central controller may send a
restart command to the control device at the service point. On the other hand, if the priority of
service is low and only service points with higher priorities of service are being restarted, then the
central controller may withhold the restart message, leaving the service point completely or
substantially without power (although sufficient power may be supplied to the service point to

supply the control device, for instance).



WO 2011/046589 PCT/US2010/002676

[0035] In another embodiment, the central controller may determine a priority of service for
one or more service points in the service area based on stored customer profiles associated with
the service points. For example, as discussed above, each customer profile may be stored in a
database and include an indication of the service point’s priority of service. The central
controller may then retrieve the priority of service indication for a service point from the
database. The central controller may also determine a prioritized order for restarting electrical
service to the service points based on priorities of service. For example, the prioritized order may
require the service points with the highest priorities of service to be restarted first, the service
points with the second highest priorities of service to be restarted second, and so on. Ifa service
point’s priority of service matches a priority of service for which electrical service is being
restarted according to the prioritized order, then the central controller transmits a restart
command to the control device installed at the particular service point so as to commence power
restoration at the service point. If a quantity of service points having the same priority of service
exceeds a predetermined threshold established to prevent a restart power spike or use of the
utility’s operating reserve, the central controller may generate a random number for each service
point in the group of service points having the same priority of service. The central controller
may then transmit the restart command to a particular service point of the group based on the
random number for the particular service point. For instance, the central controller may compare
the random number to numbers previously associated with the service points and determine
whether a match has occurred as discussed above.

[0036] In a further embodiment, service point characteristics may be stored in a database
accessible by the central controller and such service point characteristics may be used to
determine a time for restarting electrical service at a particular customer’s service point. For
example, the central controller may determine characteristics, such as geographic location, power
consumption, or service priority associated with a particular service point or group of service
points by retrieving the data relating to the characteristics from the database or requesting the
data from another source, such as a control device installed at the service point. The central
controller may then determine a restart time for the service point based on the characteristics
alone or in combination with other information or procedures, such as in combination with the
random number generation and analysis procedure described above. For example, after the

central controller generates a random number and determines that the number matches a number
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associated with a particular service point (or a group of service points that includes the particular
service point), the central controller may retrieve a customer profile for the service point to
determine a priority of service for the service point. If the priority of service is high (e.g.,
because the service point includes medical equipment or is used by emergency personnel,
healthcare personnel, one or more elderly persons, or someone with health problems), then the
central controller may send a restart command to the control device at the service point. On the
other hand, if the priority of service is low and only service points with higher priorities of
service are being restarted, then the central controller may withhold the restart message, leaving
the service point completely or substantially without power (although power may be supplied to
the service point to supply the control device, for instance).

[0037] In yet another embodiment, the central controller may logically divide the service
points into multiple groups based on at least one characteristic (e.g., location, power
consumption, or business type) that is common among service points within a particular group.
In such a case, the central controller may determine a prioritized order for restarting electrical
service to each of the service points based on service point characteristics. For example, the
central controller may be programmed to restart service points closest to a power generating plant
. or having an average power consumption above a predetermined threshold first. Based on the
prioritized order and the particular service point characteristic or characteristics, the central
controller may select a group of service points at which to restart electrical service and transmit a
restart command to control devices installed at the selected group of service points.

[0038] In yet another embodiment, a central controller and the control devices installed at the
service points may cooperate with each other to determine an order for restarting electrical
service to the service points. For example, the central controller may select a number within a
predetermined set of numbers (e.g., from one to a quantity of service points in the service area
affected by the power outage). The central controller may then transmit a restart message
containing the selected number to the control devices. Each control device may generate a
respective random number within the predetermined set of numbers and compare the random
number to the received (selected) number.. If a match occurs, then the control device supplies
electrical power to at least one power consuming device at the control device’s service point. -
[0039] In still a further embodiment, a control device installed at a service point in a utility

service area affected by a power outage may generate a random number within a predetermined
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set of numbers (e.g., from one to a quantity of service points in the service area). The control
device may also receive a restart message from a central controller located remotely from the
service point. The restart message includes a number within the predetermined set of numbers.
The control device then compares the number in the restart message to the random number
generated by the control device and, if a match occurs, supplies electrical power to one or more
power consuming devices at the service point to effectively restart power to the service point. If
the number in the restart message does not match the random number, the control device may
generate a new random number within the predetermined set of numbers and receive a new
restart message that includes another number within the pre&etermined set of numbers. In this
case, the control device compares the number in the new restart message to the new random
number and, if a match occurs, supplies electrical power to the power consuming device or
devices located at the service point. Alternatively, if the number in the restart message does not
match the random number, the control device may maintain the same random number instead of
generating a new one and compare the random number to the number in a new restart message
received from the central controller. If the random number matches the number in the new restart
message, the control device supplies electrical power to the power consuming device or devices
located at the service point. Thus, in this embodiment, if the originally-generated random
number does not match the number in the received restart message, the control device either
generates a new random number or maintains the originally-generated random number for
comparison to the number in the next restart message.

[0040] In another embodiment, a central controller (e.g., an active load director) for an active
load management system includes a database, an event manager (e.g., a master event manager),
and a client device manager (e.g., an active load client manager). The database is operable to
store a plurality of numbers associated with a plurality of service points located in a service area
of a utility. The event manager is operably coupled to the database and operable to: (i)
determine whether eléctrical power can be restored to the service points after a power outage has
occurred; (ii) generate a random number responsive to a determination that electrical power can
be restored; (ii) compare the random number to each of the numbers stored in the database; and
(iv) generate a restart message when the random number matches one of the stored numbers. The
client device manager is operably coupled to the event manager and operable to transmit the

restart message to one or more active load clients or other similar control devices installed at
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service points that are associated with the number that matched the random number. For
example, in one embodiment, each service point is associated with a number stored in the
database (e.g., a sequential list of numbers is stored in the database with each number
corresponding to one of the service points in the utility’s service area). The event manager
generates a random number between one and the total quantity of service points in the service
area (or the portion thereof affected by a power outage). If the random number matches a number
associated with a service point, the client device manager transmits a restart message to the
chosen service point. If no match occurs, another random number is generated and the process
repeats. In an alternative embodiment, all or some of the numbers stored in the database may be
associated with groups of service points instead of individual service points. A group of service
points may correspond to the residential service points of a neighborhood or subdivision or all
service points in a town or city. In this case, when the random number matches a stored number
corresponding to a group of service points, the client device manager transmits the restart
message to all the service points in the group.
[0041] By selectively restarting electrical service to service points in a controlled manner
through communications between a central controller, such as an active load director, and control
points, such as active load clients installed at service points throughout a utility’s service area, the
present invention reduces the likelihood of startup power spikes causing instability and possible
damage to the utility’s power grid. Additionally, such a controlled restart enables the utility to
maintain its power output at or below its acceptable peak level and, thereby, avoid use of some or
all of its operating reserve. |
[0042] The present invention can be more readily understood with reference to FIGs. 3-8, in
which like reference numerals designate like items. FIG. 3 depicts an exemplary IP-based active
load management system (ALMS) 10 that may be utilized by an electric utility, which may be a
conventional power-generating utility or a virtual utility, in accordance with the present
invention. The description of the ALMS 10 provided below is limited to specific disclosure
relating to embodiments of the present invention. A more general and detailed description of the
- ALMS 10 is provided in commonly-owned U.S. Patent No. 7,715,951 B2, which is incorporated -
herein by reference. For example, U.S. Patent No. 7,715,951 provides details with respect to the
exemplary operational implementation and execution of control events to interrupt or reduce

power to devices located at service points, such as residences and businesses. The use of an
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ALMS 10 to implement a virtual utility is described in detail in commonly-owned, co-pending
U.S. Application Serial No. 12/001,819, which was filed on December 13,2007, was published
as U.S. Patent Application Publication No. US 2009/0063228 A1 on March 5, 2009, and is
incorporated herein by reference.
[0043] The exemplary ALMS 10 monitors and manages power distribution via an active load
director (ALD) 100 or other centralized controller connected between one or more utility control
centers (UCCs) 200 (one shown) and one or more active load clients (ALCs) 300 (one shown) or
other control devices installed at one or more service points 20 (one shown). The ALD 100 may
communicate with the utility control center 200 and each active load client 300 either directly or
through a network 80 using the Internet Protocol (IP) or any other address or connection-based
protocols (e.g., Ethernet). For example, the ALD 100 may communicate using RF systems
operating via one or more base stations 90 (one shown) and using one or more wireless
communication protocols, such as GSM, ANSI C12.22, Enhanced Data GSM Environment
(EDGE), HSPA, LTE, Time Division Multiple Access (TDMA), or CDMA data standards,
including CDMA 2000, CDMA Revision A, CDMA Revision B, and CDMA EVDO Rev. A.
Alternatively, or additionally, the ALD 100 may communicate via a digital subscriber line (DSL)
capable connection, a cable television based IP capable connection, a satellite connection, or any
combination thereof. In the exemplary embodiment shown in FIG. 3, the ALD 100
communicates with one or more active load clients 300 using a combination of traditional IP-
based communication (e.g., over a trunked line) to a base station 90 and a wireless channel
implementing the HSPA or EVDO protocol from the base station 90 to the active load client 300.
The distance between the base station 90 and the service point 20 or the active load client 300 is
typically referred to as the “last mile” even though the distance may not actually be a mile. The
ALD 100 may be implemented in various ways, including, but not limited to, as an individual
server, as a blade within a server, in a distributed computing environment, or in other
combinations of hardware and software. In the present disclosure, the ALD 100 is described as
embodied in an individual server to facilitate an understanding of the present invention.
[0044] Each active load client 300 is accessible through a specified address (e.g., IP address)
and controls and monitors the state of individual smart breaker modules or intelligent appliances
60 installed at the service point 20 (e.g., in the business or residence) with which the active load

client 300 is associated (e.g., connected or supporting). Each active load client 300 is associated
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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) state, 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, each smart breaker controls a single appliance
(e.g., a washer/dryer 30, a hot water heater 40, an HVAC unit 50, or a pool pump 70). In an
alternative embodiment, IP addressable relays or device controllers that operate in a manner
similar to a ‘“smart breaker” may be used in place of smart breakers, but would be installed
coincident with the load under control and would measure the startup power, steady state power,
power quality, duty cycle and energy load profile of the individual appliance 60, HVAC unit 40,
pool pump 70, hot water heater 40, or any other controllable load as determined by the utility or
end customer.

[0045] Additionally, the active load client 300 may control individual smart appliances
directly (e.g., without communicating with the residential load center 100) via one or more of a
variety of known communication protocols (e.g., IP, Broadband over PowerLine (BPL) in its
various forms, including through specifications promulgated or being developed by the
HOMEPLUG Powerline Alliance and the IEEE, Ethernet, Bluetooth, ZigBee, Wi-Fi (IEEE
802.11 protocols), HSPA, EVDO, etc.). Typically, a smart appliance 60 includes a power control
module (not shown) having communication abilities. The power control module is installed in-
line with the power supply to the appliance, between the actual appliance and the power source.
(e.g., the power control module is plugged into a power outlet at the home or business and the
power cord for the appliance is plugged into the power control module). Thus, when the power
control module receives a command to turn off the appliance 60, it disconnects.the actual power
supplying the appliance 60. Alternatively, the 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).

[0046] The active load client 300 may further be coupled to one or more variability factor

-15 -



WO 2011/046589 PCT/US2010/002676

sensors 94. Such sensors 94 may be used to monitor a variety of variability factors or parameters
affecting operation of the devices, such as inside and/or outside temperature, inside and/or
outside humidity, time of day, pollen count, amount of rainfall, wind speed, and other factors or
parameters. The service point may also include a power storage device 62 coupled to the active
load client 300 and/or the residential load center 400. The power storage device 62 is described
in detail in commonly-owned, co-pending U.S. Application Serial No. 12/783,415.

[0047] Referring now to FIG. 4, the ALD 100 may serve as the primary interface to
customers, as well as to service personnel. In the exemplary embodiment depicted in FIG. 4, the
ALD 100 is implemented as an individual server and 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 customer reports
application 118, a power savings application 120, an ALC diagnostic manager 122, an ALD
database 124, a service dispatch manager 126, a trouble ticket generator 128, a call center
manager 130, a carbon savings application 132, a utility power and carbon (P&C) database 134, a
read meter application 136, a security device manager 140, and a device controller 144. The
operational details of several of the elements of the ALD 100 are described below. The
operational details of the remaining elements of the ALD 100 may be found in U.S. Patent No.
7,715,951, U.S. Application Serial No. 12/702,640 (with respect to configuration of customer
profiles and use thereof to select active load clients 300 for participation in load control events),
and U.S. Patent Application Publication No. US 2009/0063228 A1 (with respect to use of the
ALD 100 to implement a virtual utility), wherein the ALD 100 is also described in the context of
an individual serverembodiment. As those of ordinary skill in the art will readily recognize and
appreciate, various applications and many other components of the ALD 100 may be executed or
have their functions carried out by one or more processors 160 (one shown).

[0048] In one embodiment, the service point 20 may include a web-based user interface (e.g.,
Internet-accessible web portal) into the web browser interface 114 of the ALD 100. The web-
based user interface is referred to herein as a “customer dashboard” 98. When the customer
dashboard 98 is accessed by the customer via a computer, smart phone, personal digital assistant,
or other comparable device, the customer dashboard 98 may be used by the customer to specify

preferences for use by the ALMS 10 to control devices at the customer’s service point 20. The
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customer dashboard 98 effectively provides the customer with access into the ALD 100. The
ALD 100 (e.g., through the web browser interface 114) accepts inputs from the customer
dashboard 98 and outputs information to the customer dashboard 98 for display to the customer.
The customer dashboard 98 may be accessed from the service point 20 or remotely from any
Internet-accessible device, preferably through use of a user name and password for security
purposes. Thus, the customer dashboard 98 is preferably a secure, web-based interface used by
customers to specify preferences associated with devices controlled by the ALD 100 and located
at the customer's service point 20. The customer dashboard 98 may also be used to provide
information requested by a customer personal settings application or the customer sign-up
application 116 executed by the ALD 100 in connection with controlled devices and/or service
point conditions or parameters. Customer preferences may include, for example, control event
preferences (e.g., times, durations, etc.), bill management preferences (e.g., goal or target for
maximum monthly billing cost), maximum and minimum boundary settings for environmental
characteristics or conditions, and various other customer settings.

[0049] In one embodiment, customers use the customer dashboard 98 to interact with the
ALD 100 through the web browser interface 114 and subscribe to some or all of the services
offered by the ALMS 10 via the customer sign-up application 116. In accordance with the
customer sign-up application 116, the customer enters customer personal settings 138 that
contain information relating to the customer and the customer’s service point 20 (e.g., residence
or business), and specifies the extent of service to which the customer wishes to subscribe.
Additional details of establishing customer profiles using the customer dashboard 98 are
discussed below. Customers may also use the customer dashboard 98 to access and modify
information pertaining to their existing accounts after they have been established.

[0050] FIG. 5 illustrates a block diagram of an exemplary active load client (ALC) 300 in
accordance with one embodiment of the present invention. The depicted active load client 300
includes an operating system 302, a status response generator 304, a smart breaker module
controller 306, a communications interface 308, a security interface 310, an IP-based
communication converter 312, a device control manager 314, a smart breaker (B1-BN) counter
manager 316, a report trigger application 318, an IP router 320, a smart meter interface 322, a
smart device interface 324, an IP device interface 330, a power dispatch device interface 340, and

an event scheduler 344. The active load client 300, in this embodiment, is a computer or
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processor-based system located and installed on-site at a customer’s service point 20 (e.g.,
residence or business). The primary function of the active load client 300 is to manage and
control the power load levels of, or the supply of power to, controllable, power consuming
devices located at the service point 20, which the active load client 300 oversees on behalf of the
customer. In an exemplary embodiment, the active load client 300 may include dynamic host
configuration protocol (DHCP) client functionality to enable the active load client 300 to
dynamically request IP addresses for itself and/or one or more controllable devices 402-412, 60
managed thereby from a DHCP server on the host IP network facilitating communications
between the active load client 300 and the ALD 100. The active load client 300 may further
include router functionality and maintain a routing table of assigned IP addresses in a memory of
the active load client 300 to facilitate delivery of messages from the active load client 300 to the
controllable devices 402-412, 60. Finally, a power generation device 96 at the service point 20,
when included, sends data about power generated at the service point 20 and delivered to the grid
to the power dispatch device interface 340. Additional details regarding the contents and
operation of the active load client 300 are provided in U.S. Patent No. 7,715,951 and U.S. Patent
Application Publication No. US 2009/0063228 Al.

[0051] In one embodimént, the ALD 100 collects, through the web browser interface 114,
customer data, such as customer personal settings 138, and information about controllable power
consuming devices located at the customer’s service point 20 to generate a profile for each
customer. The information from which a customer profile is created is preferably entered by the
customer through the customer dashboard 98 or may be alternatively provided by other means,
such as through a phone conversation with utility customer service personnel, a response to a
survey, email, or entering data at the utility’s website. When used, customer profiles are
preferably stored within the ALD database 124 or in another database accessible by the ALD 100.
The customer profile may be updated over time to include the customer’s pattern of energy
consumption based on power consumption data reported to the ALD 100 by the active load client
300 installed at the customer’s service point 20. Details for creating customer profiles are
disclosed in co-pending, U.S. Patent Application Serial No. 12/702,640 entitled “System and
Method for Determining and Utilizing Customer Energy Profiles for Load Control for Individual
Structures, Devices, and Aggregation of Same,” which was filed on February 9, 2010, was
published as U.S. Patent Application Publication No. US 2010/0145534 A1 on June 10, 2010,
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and is incorporated herein by this reference as if fully set forth herein.

[0052] The active load clients 300 or other control devices (e.g., gateways), which are
installed at service points 20 as an integrated part of the ALMS 10, have the capability to report
the status of the power consumed at their respective service points 20 and to control when the
power consuming devices at the service points 20 are allowed to receive or access electricity once
power has been restored. Thus, the active load clients 300 and the ALD 100 may be programmed
to implement one or more embodiments for effecting a controlled restart of the service points 20
in the utility’s service area. According to one embodiment, a random number generator may be
employed in the ALD 100 and/or each active load client 300 to start up each service point 20 ina
generally random manner. By restarting service points 20 in a fairly random manner, the utility
avoids or at least mitigates the undesirable effects of restarting all service points 20 at one time,
such as system instability due to a power spike or unnecessary use of the utility’s operating
reserve.

[0053] In accordance with a first embodiment as illustrated in the logic flow diagram 600 of
FIG. 6, the master event manager 106 of the ALD 100 associates (601) a number with each
service point 20 and stores (603) the number associations in the ALD database 124. The number
may be a customer number and, in a preferred embodiment, the numbers associated with all the
service points 20 in a given utility service area are sequential in nature. The master event
manager 106 includes a random number generator capable of randomly generating a number from
one to a number corresponding to the total quantity of service points 20 in the entire service area
or in a portion thereof that suffered an outage. Upon determining (605) that power can be
restored to the service points 20 in the service area (e.g., after receiving an appropriate restore or
restart command from the utility control center 200), the master event manager 106 generates
(607) a random number and compares (609) it to the numbers associated with the service points
20, which are stored in the ALD‘ database 124. When the random number matches a number
associated with a service point 20 that has not yet been restarted, the master event manager 106
sends a restart message to the ALC manager 108, which in turn sends (611) the message to the
active load client 300 of the service point 20. Generation of random numbers, comparison of the
réndom numbers to stored service point numbers, and issuance of restart messages continue (613)
until all the service points 20 in the affected service area have been restarted or had their

electricity restored.
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[0054]) In an alternative embodiment, the random number generation and comparison
approach of the foregoing embodiment may be applied to groups of service points, as opposed to
just individual service points. In such an embodiment, the master event manager 106 may
associate (601) each group of service points with a number and store (603) the numbers in the
ALD database 124. Upon determining (605) that power can be restored to the service points 20
in the service area, the master event manager 106 may generate (607) a random number from one
to a number corresponding to the total quantity of service point groups in the entire service area
or in a portion thereof that suffered the outage and compare (609) the random number to the
group numbers stored in the ALD database 124. If a match is detected, then the master event
manager 106 may send a restart message to the ALC manager 108, which in turn sends the
message (611) to the active load clients 300 for all the service points within the group being
restarted. Generation of random numbers, comparison of the random numbers to stored service
point group numbers, and issuance of restart messages would continue (613) until all the service
points 20 in the affected service area have been restarted or had their electricity restored.

[0055] In a further embodiment, the active load client 300 may initiate a restart without the
need to contact the ALD 100. In this embodiment, the event scheduler 344 or an equivalent
element of each active load client 300 includes a random number generator. FIG. 7 is an
operational flow diagram 700 illustrating a method for an active load client 300 to initiate a
restart without specific instruction from the ALD 100, in accordance with this embodiment of the
present invention. According to the logic flow of FIG. 7, the active load client 300 (e.g., via the
event scheduler 344) estimates (1904) a length or duration of time (in seconds) required to restart
electrical service in the entire service area and sets (1906) the start time to the current time (in
seconds). The estimated length of time may be prestored in and retrieved from memory of the
active load client 300 or may be otherwise determined by the event scheduler 344 (e.g., through
receipt of a control message from the ALD 100, such as after the active load client 300 sends a
request to restart to the ALD 100, which then queues the request and notifies the event scheduler
344 of the active load client’s position in the queue). In one embodiment, the event scheduler
344 estimates (1904) the length of time required for service area restart after the active load client
300 begins receiving power from the utility. Next, the event scheduler sets (1908) the restart
completion time to be the current time plus the estimated amount of time required to restart

electrical service in the entire service area. Additionally, the event scheduler 344 generates
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(1920) a random number as a unit of time. In one embodiment, the random number is between
zero and the estimated amount of time required to restart electrical service in the entire service
area. The event scheduler 344 then calculates (1922) a “random start time,” which is the start
time plus the random number. If the event scheduler determines (1930) the random start time to
be greater than the then-current time of day (i.€., later than the current time of day), then the event
scheduler 344 generates (1920) another random number. Otherwise, when the random start time
is no later than the current time of day, the event scheduler 344 initiates (1940) a restart of
electrical service at the service point 20 by allowing electricity to flow to or through power
consuming devices 30, 40, 50, 60, 70, 402-412 under the control of the active load client 300.
One of ordinary skill in the art will readily recognize and appreciate that the logic flow of FIG. 7
may be performed by another processing component of the active load client 300 instead of the
event scheduler 344.

[0056] To illustrate the embodiment of FIG. 7, consider the following example. After a
power outage, an active load client 300 at a service point 20 (e.g., running off of a backup
battery) may send a request to restart to the ALD 100. Responsive to the request, the ALD 100
notifies the active load client 300 of the approximate length of time until power is to be restored
to the utility service area in which the service point 20 is located. For purposes of this example,
if the estimated length of time until seryice restoration is six (6) hours (21,600 seconds), the
active load client 300 estimates (1904) the duration of time required to restart electrical service as
21,600 seconds and sets (1906) the reset start time to the current time (in seconds). If the time at
which the active load client 300 receives the notification from the ALD 1001is 10:30 AM (37,800
seconds on a 24 hour clock), the active load client sets (1904) the current time to 37,800 seconds.
The active load client 300 then sets (1908) the restart completion time to be 59,400 seconds or
4:30 PM (i.e., the current time plus the estimated amount of time required to restart electrical
service in the service area). Additionally, the active load client 300 generates (1920) a random
number as a unit of time. For example, the random number may be 1,050 seconds, which
happens to be between zero and the estimated amount of time required to restart electrical service
in the entire service area (e.g., 21,600 seconds). The active load client 300 then calculates (1922)
a “random start time,” which is the start time plus the random number. In this example, the
random start time would be 37,800 seconds (i.e., 10:30 AM) plus 1,050 seconds, or 38,850
seconds (i.e., 10:47:30 AM). The active load client 300 then compares (1930) the random start
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time to the current time of day. If the current time of day is at or after the random start time (e.g.,
10:47:30 AM), the active load client initiates (1940) a restart of electrical service at the service
point 20 by allowing electricity to flow to or through power consuming devices 30, 40, 50, 60,
70, 402-412 under the control of the active load client 300. On the other hand, if the current time
of day is earlier than the random start time (e.g., current time is 10:35 AM), the active load client
generates (1920) another random number, determines (1922) a new random start time, and
" compares (1930) the new random start time to the current time of day to determine whether
electrical service can now be started at the service point 20.
[0057] In a further embodiment, the ALD 100 and each active load client 300 collaborate to
determine respective restart times, as illustrated in the logic flow diagram 800 of FIG. 8. For
example, the master event manager 106 of the ALD 100 sequences through a predefined or
predetermined set of numbers (e.g., 1 through 100) after a determination has been made that the
power grid supplying power to service points 20 in a service area of the utility is functioning
properly and capable of supplying power to the service area. Each active load client 300
generates (801) a random number within the same predefined set of numbers. As the ALD 100
sequences through the set of numbers, it transmits a restart message that includes the current
number to all the active load clients 300 at service points 20 within the utility service area. Upon
receiving (803) the restart message, the active load client compares (805) the number in the
restart message to the random number generated by the active load client 300. If the active load
client’s own randomly picked number is the same as the number currently being transmitted by
the ALD 100, then the active load client 300 does a restart and supplies (807) electrical power to
the power consuming devices under the active load client’s control. Otherwise, the active load
client 300 generates (801) another random number, or maintains the random number selected
previously if it is greater than the number received from the ALD 100 (as shown in the
“Alternative No” path of FIG. 8), and awaits the next number from the ALD 100. If the new
number received from the ALD 100 matches the newly generated random number (or the
previously generated random number where such number has been maintained), the active load
client 300 does a restart and supplies (807) electrical power to the power consuming devices
under the active load client’s control.
[0058] According to yet another embodiment of the present invention, a utility operator may

manually monitor the power availability status for each individual service point 20 or for groups

-22.



WO 2011/046589 PCT/US2010/002676

of service points and restore power to them in an orderly fashion after an outage so as to reduce
or eliminate transients, voltage and current spikes, and other harmful byproducts of a “cold”
restart. In this embodiment, the utility operator may utilize geographic information system (GIS)
maps stored within the ALD 100 together with diagnostic'and monitoring software to display,
among other things, outages in the utility’s service area. A screen shot of an exemplary computer
display through which a utility operator may view power outages within a utility service area is
shown in FIG. 9. The outage information displayed on the screen is generated by a computer
program (e.g., the diagnostic and monitoring software) running in the ALD 100 or the utility
control center 200. The computer program determines power outages based on information
received or not received from the active load clients 300 (e.g., via the ALD 100, as applicable)
within the utility’s service area during predetermined intervals (e.g., at least once every five
minutes) or in response to polling queries transmitted by the ALD 100, as detailed in U.S. Patent
No. 7,715,951. For example, some or all of the active load clients 300 may include backup
batteries that allow them to continue transmitting power consumption or other status data when
power has been lost to the service area containing the active load clients 300. Alternatively,
when a backup battery is not employed, an active load client 300 will not transmit its status data
during the predetermined interval or in response to a poll (e.g., a Read Meter command) from the
ALD 100. Such a failure to respond may be construed as an indication that power remains out to
the service point 20 at which the particular active load client 300 is located, especially where
other information obtained by the ALD 100 and/or the utility control center 200 indicates that a
power outage has occurred. By determining the locations of power outages through
communications, or a lack thereof, between an ALD 100 and its associated active load clients
300, and viewing such outages on a display screen, operators of an electric utility may control the
restart of power of those service points 20 that have been affected by the outage in such a way as
to minimize the likelihood of a power spike that could either damage the utility’s infrastructure or
require use of the utility’s operating reserve.

[0059] Another embodiment of the present invention builds upon the use of customer profiles
as detailed in U.S. Patent Application Publication No. US 2010/0145534 Al. According to this
embodiment, which is illustrated in the logic flow diagram 1000 of FIG. 10, the ALD 100
maintains (1001) a connection/disconnection profile as part of the customer’s overall customer

profile. The connection/disconnection profile contains information about devices within the
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service point that should receive limited or no control events, information about other devices
(such as health-related or medical devices) that may adversely affect the customer in the event of
a disconnect, priority of service, and other connect/disconnect information about the customer.
The priority of service within the profile is used as a guide to determine the priority of a restart.
In FIG. 4, the connection/disconnection proﬁle may be part of the customer personal settings 138,
which may be stored in the ALD database 124.

[0060] In this embodiment, the utility initiates a controlled restart instructing (1003) the ALD
100 to restart electrical service to the service points 20 according to a prioritized order based on
priority of service. Thus, in this case, the utility operator or a service restart/restore software
program executed by the ALD 100 consults the ALD database 124 and obtains (1005) a list of all
service points, preferably ordered or organized by their priorities of service. Then, the master
event manager 106 of the ALD 100 schedules (1007) transmission of restart commands to the
active load clients 300 for the service points 20 based on the priorities of service. For example,
the service points 20 with the highest priority of service are scheduled to receive restart
commands first, the service points 20 with the second highest priority of service are scheduled to
receive restart commands second, and so forth. In such a manner, restart events are scheduled
within the master event manager 106 relative to each service point’s priority of service. In the
event that the quantity of service points with equal priority of service exceeds a predetermined
threshold (1009) (e.g., a quantity that would likely cause an undesirable power spike or require
use of utility operating reserve), the ALD 100 may determine or generate (1011) random numbers
for each service point in this group or for subgroups within the group and issue restart commands
based on the random numbers. For example, as discussed above, numbers may be randomly
generated between one and the quantity of service points or subgroups that have equal priorities
of services. The numbers would be assigned to the service points or subgroups and the ALD 100
or other central controller would issue (1013) restart commands to the service points or
subgroups based on their randomly assigned numbers. The restart commands may be separated
in time by a predetermined delay (e.g., S minutes) to provide adequate time for the service points
or subgroups to startup and reach steady state operation.

[0061] In yet another embodiment, the utility may restore power to service points within a
group, as defined by the utility. According to this embodiment, the ALD 100 may logically

divide the service points 20 into groups based on one or more common characteristics, such as by
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- geography (e.g., geographic location), power consumption (e.g., average hourly, daily or monthly
power consumption), type of business operated at the service point, or some other characteristic.
Those of ordinary skill in the art will readily recognize and appreciate that priority of service may
also be considered a characteristic of a service point 20. In this embodiment, the utility uses the
ALD database 124 to obtain a list of groups. The utility then uses characteristics of each group
(such as geography) to schedule and prioritize restarts for service points 20 within each group.
[0062] FIG. 11 is an exemplary graph 1100 illustrating power demand (in megawatts (MW))
versus time during a power restoration period using a controlled restart in accordance with the
present invention. As illustrated in the graph 1100, the controlled restoration of power to the
service points in a utility’s service area eliminates the momentary power surge or spike shown in
FIG. 1 and smoothens out the power versus time curve 1101 during the restart period, thereby
keeping the maximum power consumed below the acceptable peak level 1103. Thus, controlled
restart eliminates or at least substantially mitigates the cold start transients that can cause damage
to the electrical grid, as well as to power consuming devices connected thereto.

[0063] As described above, the present invention encompasses an apparatus and method for -
effecting controlled restart of service points after a service outage. With this invention, power
spikes resulting from cold restarts are mitigated so as to maintain stability in the utility’s power
grid, as well as to reduce the risk of infrastructure damage. Additionally, the controlled restart
produced by the pr/esent invention enables power restoration without resort to using utility
operating reserve.

[0064] In the foregoing specification, the present invention has been described with reference
to specific embodiments. However, one of ordinary skill in the art will appreciate that various
modifications and che‘mges may be made without departing from the spirit and scope of the
present invention as set forth in the appended claims. For example, random number generation
may be performed by the utility control center 200 and random numbers may be subsequently
communicated to the ALD 100. Accordingly, the specification and drawings are to be regarded
in an illustrative rather than a restrictive sense, and all such modifications are intended to be
included within the scope of the present invention.

[0065] Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments of the present invention. However, the benefits, advantages,

solutions to problems, and any element(s) that may cause or result in such benefits, advantages,
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or solutions to become more pronounced are not to be construed as a critical, required, or
essential feature or element of any or all the claims. The invention is defined solely by the
appended claims including any amendments made during the pendency of this application and all

equivalents of those claims as issued.
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CLAIMS

What is claimed is:

1. A method for restarting electrical service at a service point in a utility service area after a
power outage in the utility service area, the method comprising:

determining a random number associated with the service point;

determining a time at which to restart electrical service at the service point based at least
on the random number; and

supplying electrical power to at least one power consuming device located at the service

point at the determined service point restart time.

2. The method of claim 1, wherein a supply of electrical power to the at least one power
consuming device is controlled by a control device located at the service point and wherein the
step of determining a random number comprises:

determining, by the control device, the random number associated with the service point.

3. The method of claim 2, wherein the step of determining a random number comprises:
receiving, by the control device, the random number from a central controller located

remotely from the service point.

4. The method of claim 2, further comprising:

receiving, by the control device, a number from a central controller located remotely from
the service point;

wherein the step of determining a time at which to restart electrical service at the service
point includes:

comparing the received number to the random number; and

determining the time at which to restart electrical service at the service point when the

received number matches the random number.

5. The method of claim 2, further comprising:

estimating an amount of time required to complete a restart of electrical service in the
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utility service area;

determining a start time for commencing the restart of electrical service in the utility
service area; and

estimating a corﬁpletion time for completing the restart of electrical service in the utility
service area based on the estimated amount of time required to complete the restart of electrical
service in the utility service area and the start time for commencing the restart of electrical
service in the utility service area;

wherein the time at which to restart electrical service at the service point is determined
based on the random number and the start time for commencing the restart of electrical service in
the utility service area, wherein the random number is between zero and the estimated completion
time, and wherein electrical power is supplied to the at least one power consuming device at a
current time of day in the event that the determined service point restart time is no later than the

current time of day.

6. The method of claim 2, wherein supplying electrical power to the at least one power
consuming device comprises:

communicating at least one power control command to at least one controllable device
that controls a flow of electrical power to the at least one power consuming device, the at least
one power control command instructing the at least one controllable device to enable a flow of

electrical power to the at least one power consuming device.

7. The method of claim 1, wherein a supply of electrical power to the at least one power
consuming device is controlled by a control device located at the service point, wherein the
control device receives control messages from a central controller that is located remote from the
service point and that interfaces between an electric utility and a plurality of service points,
wherein the random number is determined by the central controller, and wherein the method
further comprises:

determining, by the central controller, a customer profile associated with the service
point;
wherein the step of determining a time at which to restart electrical service at the service point

includes:
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determining, by the central controller, a time at which to restart electrical service at the

service point based at least on the random number and the customer profile.

8. The method of claim 7, wherein the customer profile includes an indication of a priority

of service for the service point.

9. The method of claim 1, wherein a supply of electrical power to the at least one power
consuming device is controlled by a control device located at the service point, wherein the
control device receives power control messages from a central controller that is located remotely
from the service point and that interfaces between an electric utility and a plurality of service
points, wherein the random number is determined by the central controller, and wherein the
method further comprises:

determining, by the central controller, a characteristic of the service point;
wherein the step of determining a time at which to restart electrical service at the service point
includes:

determining, by the central controller, a time at which to restart electrical service at the

service point based at least on the random number and the characteristic.

10.  The method of claim 9, wherein the characteristic includes a geographic location of the

service point.
11. The method of claim 1, wherein the random number is associated with a group of service

points, wherein the group includes only a portion of a plurality of service points in the utility

service area, and wherein the service point is included in the group.
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12. The method of claim 1, wherein a supply of electrical power to the at least one power
consuming device is controlled by a control device located at the service point and wherein the
step of determining a time at which to restart electrical service at the service point comprises:
receiving, by the control device, a control message from a central controller located
remotely from the service point; and
determining, by the control device, the time at which to restart electrical service at the

service point based on the control message.

13. A method for a control device to restart electrical service at a service point in a utility
service area after a power outage, the control device being installed at the service point and
controlling a supply of electrical power to at least one power consuming device located at the
service point, the method comprising:

estimating an amount of time required to complete a restart of electrical service in the
utility service area;

determining a start time for commencing the restart of electrical service in the utility
service area;

estimating a completion time for completing the restart of electrical service in the utility
service area based on the estimated amount of time required to complete the restart of electrical
service in the utility service area and the start time for commencing the restart of electrical
service in the utility service area;

generating a random number, wherein the random number is between zero and the
estimated completion time;

determining a random start time for restarting electrical service at the service point based
on the random number and the start time for commencing the restart of electrical service in the
utility service area;

comparing the random start time to a current time of day; and

restarting electrical service at the service point at the current time of day in the event that

the random start time is no later than the current time of day.

14.  The method of claim 13, further comprising:

generating another random number in the event that the random start time is later than the
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current time of day;

determining a new random start time for restarting electrical service at the service point
based on the other random number and the start time;

comparing the new random start time to the current time of day; and

restarting electrical service at the service point at the new random start time in the event

that the new random start time is no later than the current time of day.

15. A method for a central controller to restart electrical service at a plurality of service points
in a utility service area after a power outage, the central controller being located remotely from
the plurality of service points, each service point of the plurality of service points including a
control device, each control device controlling a supply of electrical power to at least one power
consuming device located at a corresponding service point, the method comprising:

associating a number with at least one service point of the plurality of service points,
wherein a quantity of the at least one service point is less than a quantity of the plurality of
service points;

generating a random number;

comparing the random number to the number associated with the at least one service
point; and

communicating a restart message to at least one control device installed at the at least one
service point in the event that the random number matches the number associated with the at least

one service point and the at least one service point has not yet had electrical service restarted.

16.  Themethod of claim 15, wherein the at least one service point is a group of service points
and wherein the step of transmitting comprises:

communicating the restart message to control devices for all service points in the group.

17. The method of claim 15, wherein the central controller is an active load director, wherein
the at least one control device is at least one active load client, and wherein the number
associated with the at least one service point is between one and the quantity of the plurality of

service points.
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18. A method for restarting electrical service at a plurality of service points in a utility service
area after a power outage, each service point of the plurality of service points including a control
device of a plurality of control devices, each control device controlling a supply of electrical
power to one or more power consuming devices located at a corresponding service point, the
method comprising:

selecting, by a central controller located remotely from the plurality of service points, a
number within a predetermined set of numbers;

transmitting, by the central controller, a control message to the plurality of control
devices, the control message including the selected number;

generating, by each control device of the plurality of control devices, a respective random
number within the predetermined set of numbers;

comparing, by each control device of the plurality of control devices, the selected number
to the respectively generated random number; and

supplying, by a particular control device of the plurality of control devices, electrical
power to at least one power consuming device when the random number generated by the

particular control device matches the selected number.

19. The method of claim 18, wherein supplying electrical power to the at least one power
consuming device comprises:

communicating, by the particular control device, at least one power control command to
at least one controllable device that controls a flow of electrical power to the at léast one power
coﬁsuming device, the at least one power control command instructing the at least one
controllable device to enable a flow of electrical power to the at least one power consuming

device.
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20. A method for a control device to restart electrical service at a service point in a utility
service area after a power outage, the control device being installed at the service point and
controlling a supply of electrical power to at least one power consuming device located at the
service point, the method comprising:

generating a random number within a predetermined set of numbers;

receiving a control message from a central controller located remotely from the service
point, the control message including a number within the predetermined set of numbers;

comparing the number in the control message to the random number; and

supplying electrical power to the at least one power consuming device when the random

’

number matches thé number in the control message.

21.  The method of claim 20, further comprising;:

generating a new random number in the event that the number in the control message
does not match the random number;

receiving a new control message from the central controller, the new control message
including another number within the predetermined set of numbers;

comparing the number in the new control message to the new random number; and

supplying electrical power to the at least one power consuming device when the new

random number matches the number in the new control message.

22.  The method of claim 20, further comprising:

receiving a new control message from the central controller, the new control message
including another number within the predetermined set of numbers;

comparing the number in the new control message to the random number in the event that
the random number was greater than a number in a prior control message; and

supplying electrical power to the at least one power consuming device when the random

number matches the number in the new control message.
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23.  The method of claim 20, wherein supplying electrical power to the at least one power
consuming device comprises:

communicating at least one power control command to at least one controllable device
that controls a flow of electrical power to the at least one power consuming device, the at least
one power control command instructing the at least one controllable device to enable a flow of

electrical power to the at least one power consuming device.

24. A method for a central controller to restart electrical service at a plurality of service points
in a utility service area after a power outage, the central controller being located remotely from
the plurality of service points, each service point of the plurality of service poiﬁts including a
control device, each control device controlling a supply of electrical power to at least one power
consuming device located at a corresponding service point, the method comprising:

determining priorities of service for the plurality of service points based on respective
customer profiles associated with the plurality of service points;

determining a prioritized order for restarting electrical service to the plurality of service
points based on the priorities of service; and

transmitting a restart command to at least one control device in the event that a priority of
service for at least one service point at which the at least one control device is installed matches a

priority of service for which electrical service is being restarted according to the prioritized order.

25.  The method of claim 24, wherein the at least one service point is a group of service
points, the method further comprising:
generating a random number for each service point in the group of service points; and
transmitting the restart command to a pai'ticular service point of the group of service

points based on the random number for the particular service point.

26.  The method of claim 24, wherein the at least one service point is a group of service
points, the method further comprising:
generating a random number for each service point in the group of service points;
transmitting a first restart command to a first service point of the group of service points

based on the random number for the first service point; and
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transmitting a second restart command to a second service point of the group of service
points based on the random number for the second service point, wherein the second restart
command is separated in time from the first restart command by a predetermined delay sufficient

to allow the first service point to startup and reach steady state operation.

217. A method for a central controller to restart electrical service at a plurality of service points
in a utility service area after a power outage, the central controller being located remotely from
the plurality of service points, each service point of the plurality of service points including a
control device, each control device controlling a supply of electrical power to at least one power
consuming device located at a corresponding service point, the method comprising:

logically dividing the plurality of service points into a plurality of groups based on service
point characteristics, wherein service points within a particular group share at least one common
service point characteristic;

determining a prioritized order for restarting electrical service to the plurality of service
points based on service point characteristics;

selecting a group of service points from the plurality of groups based on the prioritized
order and at least one common service point characteristic for the group; and

transmitting a restart command to a group of control devices installed at the selected

group of service points.

28.  The method of claim 27, wherein service point characteristics include at least one of

geographic location and power consumption.
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29. A central controller for use in an active load management system that includes a plurality
of client devices installed at a plurality of service points located in a service area of a utility, the
plurality of service points being located remotely from the central controller; the central
controller comprising:
a database operable to associate a plurality of numbers with the plurality of service points;
an event manager operably coupled to the database and operable to:
determine whether electrical service can be restored to the plurality of service
points after a power outage has occurred;
generate a random number responsive to a determination that electrical service
can be restored;
compare the random number to each of the plurality of numbers; and
generate a restart message when the random number matches a number of the
plurality of numbers; and
a client device manager operably coupled to the event manager and operable to transmit
the restart message to at least one client device installed at one or more service points of the
plurality of service points, the one or more service points being associated with the number that

matched the random number.

30. A control device for use in an active load management system that includes a central
controller located remotely from the control device, the control device being installed at a service
point located in a service area of a utility and providing power control commands to one or more
controllable devices which control a flow of electric power to one or more power consuming
devices located at the service point, the control device comprising:
a communications interface operable to receive control messages from the central
controller;
a processor dperably coupled to the communications interface, the processor operable to:
determine a time at which a control message is received, wherein the control
message includes an estimated length of time for power to be restored to the utility
service area;
determine a restart completion time as the time at which the control message was

received plus the estimated length of time for power to be restored to the utility service
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area;
generate a random number as a unit of time;
determine a random start time as the time at which the control message was
received plus the random number;
compare the random start time to a current time of day; and
generate a power control command to initiate a restart of electrical service to the
one or more power consuming devices when the random start time is no later than the
current time of day; and
at least one controllable device interface operably coupled to the processor, the at least
one controllable device interface facilitating communication of the power control command to
the one or more controllable devices so as to effectuate the restart of electrical service to the one

or more power consuming devices.

31.  Anactive load management system operable to controllably restart electrical service to a
plurality of service points in a service area of an electrical utility after a power outage, the active
load management systehl comprising:
a central controller that includes:
a database operable to associate a plurality of numbers with the plurality of
service points;
an event manager operably coupled to the database and operable to:
determine whether electrical power can be restored to the plurality of
service points after a power outage has occurred;
generate a random number responsive to a determination that electrical
power can be restored;
compare the random number to each of the plurality of numbers; and
generate a restart control message when the random number matches a
number of the plurality of numbers; and
a client device manager operably coupled to the event manager and operable to
transmit the restart control message to at least one client device installed at one or more
service points of the plurality of service points, the one or more service points being

associated with the number that matched the random number; and
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a plurality of client devices located remotely from the central controller and installed at
the plurality of service points, each client device including:

a communications interface operable to receive control messages from the central
controller;

a processor operably coupled to the communications interface, the processor
operable to generate a power control command responsive to receipt of a restart control
message to initiate a restart of electrical service to a service point at which the client
device is installed; and - |

at least one controllable device interface operably coupled to the processor, the at
least one controllable device interface facilitating communication of the power control
command to one or more controllable devices at the service point so as to effectuate the

restart of electrical service at the service point.
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According to International Patent Classification (IPC) or to both national classification and IPC
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USPC: 702/57, 58, 59; 361/62-66

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
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PubWEST; PGPB, USPT, EPAB, JPAB; Google Scholar; Google Patent; Search Terms: power utility electricity smart intelligent meter
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2009/0062970 A1 (Forbes, Jr. et al.) 05 March 2009 (05.03.2009) para. [0023] through 1-12, 15-29 and 31
- [0080], Fig. 1-8 J
Y 13, 14 and 30
Y US 2001/0038343 A1 (Meyer et al.) 08 November 2001 (08.11.2001) para. [0026) through 13, 14 and 30
(0051}, Fig. 1
X US 2009/0063228 A1 (Forbes, Jr. et al.) 05 March 2009 (05.03.2009) entire document 1
A US 2005/0096856 A1 (Lubkeman et al.) 05 May 2005 (05.05.2005) entire document 1-31
A US 2006/0168191 A1 (lves) 27 July 2006 (27.07.2006) entire document 1-31
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* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means -

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family
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