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GENERATION OF DEMAND RESPONSE EVENTS BASED ON GRID OPERATIONS
AND FAULTS

BACKGROUND

[0001] The subject matter disclosed herein relates generally to managing systems, and
more particularly to generating demand response events based on grid operations and faults.

[0002] In today’s environment, power grids are used to transmit and distribute electric
power for residential, commercial and industrial uses. Power is produced by facilities that use
fossil fuel resources, or by distributed renewable sources like solar and wind generators. The
power grids have a limited capacity of the power that can be produced and provided to its
various customers. This limited capacity may result in outage events in the presence of failure
or critical situations. For instance, if the energy demands exceed the available capacity,
power outages can occur. In other scenarios, fossil fuel generators and equipment used for
power generation can suffer failures or reduced performance which can further limit the
capacity from the power grid, while in other cases the variability of weather conditions may
threaten the availability of renewable resources, or unexpectedly increase their production.

There may be a need to predict failures and faults of the power grid to mitigate its effects.

BRIEF SUMMARY

[0003] According to an embodiment, a computer-implemented method for generating
demand response (DR) events based on grid operations and faults is shown. The computer-
implemented method includes obtaining grid status information; determining a fault condition
based at least in part on the grid status information; generating a DR event based at least in
part on the fault condition; and responsive to generating the DR event, transmitting a
notification of the DR event.

[0004] In addition to one or more of the features described herein, or as an alternative,
further embodiments include grid status information such as current available capacity and
energy production rate.

[0005] In addition to one or more of the features described herein, or as an alternative,
further embodiments include predicting a fault, wherein predicting the fault includes
aggregating energy management system (EMS) data from one or more EMS, comparing the
aggregated EMS data and the grid data to predict the fault; generating a DR event responsive

to the comparison, and transmitting a notification of the DR event to one or more systems.
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[0006] In addition to one or more of the features described herein, or as an alternative,
further embodiments include aggregated EMS data such as load profile information for each
EMS, flexible resource information for each EMS, or supplemental energy sources for each
EMS.

[0007] In addition to one or more of the features described herein, or as an alternative,
further embodiments include notifications such as a request to modulate power consumption
for a defined period of time to balance the load during the DR event.

[0008] In addition to one or more of the features described herein, or as an alternative,
further embodiments include load profile information including historical energy usage
information, weather information, or previous fault information.

[0009] In addition to one or more of the features described herein, or as an alternative,
further embodiments include performing load balancing of one or more EMS based at least in
part on the EMS data, the grid status, and a predicted fault.

[0010] According to a different embodiment, a system generating demand response
(DR) events based on grid operations and faults is provided. The system includes a power
grid, one or more energy management systems (EMS) system controllers, and an aggregator
in communication with the power and the one or more EMS controllers. The aggregator is
configured to obtain grid status information, determining a fault condition based at least in
part on the grid status information, generate a DR event based at least in part on the fault
condition, and responsive to generating the DR event, transmit a notification of the DR event.

[0011] In addition to one or more of the features described herein, or as an alternative,
further embodiments include grid status information such as current available capacity and
energy production rate.

[0012] In addition to one or more of the features described herein, or as an alternative,
further embodiments include an aggregator that is further configured to aggregate EMS data
from the one or more EMS, compare the aggregated EMS data and the grid data to predict the
fault, generate a DR event responsive to the comparison, and transmit a notification of the
DR event to one or more systems.

[0013] In addition to one or more of the features described herein, or as an alternative,
further embodiments include aggregated EMS data such as load profile information for each
EMS, flexible resource information for each EMS, or supplemental energy sources for each

EMS.
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[0014] In addition to one or more of the features described herein, or as an alternative,
further embodiments include notifications including a request to modulate power
consumption for a defined period of time to balance the load during the DR event.

[0015] In addition to one or more of the features described herein, or as an alternative,
further embodiments include load profile information including historical energy usage
information, weather information, or previous fault information.

[0016] In addition to one or more of the features described herein, or as an alternative,
further embodiments include an aggregator that is further configured to perform load
balancing of the one or more EMS based at least in part on the EMS data, the grid status, and
a predicted fault.

[0017] According to another embodiment, an aggregator for generating demand
response (DR) events based on grid operations is provided. The aggregator includes a
communication module configured to communicate with one or more systems and a power
grid, and a fault module configured to detect and predict a fault condition based at least in
part on energy management system (EMS) data and the grid status information. The
aggregator also includes a profile module configured to store load profile, flexible resource,
grid production, a DR event module configured to generate a notification based on at least
one of a fault or a predicted fault, and wherein the communication module is configured to
transmit the DR event.

[0018] In addition to one or more of the features described herein, or as an alternative,
further embodiments include grid status information such as current available capacity and
energy production rate.

[0019] In addition to one or more of the features described herein, or as an alternative,
further embodiments include an aggregator that is further configured to predict a fault,
wherein predicting the fault includes aggregating energy management system (EMS) data
from one or more EMS, comparing the aggregated EMS data and the grid data to predict the
fault, generating a DR event responsive to the comparison, and transmitting a notification of
the DR event to one or more systems.

[0020] In addition to one or more of the features described herein, or as an alternative,
further embodiments include aggregated EMS data including at least one of load profile
information for each EMS, flexible resource information for each EMS, or supplemental

energy sources for each EMS.
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[0021] In addition to one or more of the features described herein, or as an alternative,
further embodiments include a notification including a request to modulate power
consumption for a defined period of time to balance the load during the DR event.

[0022] In addition to one or more of the features described herein, or as an alternative,
further embodiments include load profile information that includes at least one of historical
energy usage information, weather information, or previous fault information.

[0023] The foregoing features and elements may be combined in various
combinations without exclusivity unless expressly indicated otherwise. These features and
elements, as well as the operation thereof, will become more apparent in light of the
following description and the accompanying drawings. It should be understood, however, that
the following description and drawings are intended to be illustrative and explanatory in

nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present disclosure is illustrated by way of example and not limited in the
accompanying figures in which like reference numerals indicate similar elements.

[0025] FIG. 1 depicts a system that may employ various embodiments of the present
disclosure;

[0026] FIG. 2 depicts a system for generating demand-response (DR) events based on
grid operations and faults in accordance with one or more embodiments;

[0027] FIG. 3 depicts the modules and components that an aggregator can use for
generating DR events based on grid operations and faults in accordance with one or more
embodiments; and

[0028] FIG. 4 depicts a flowchart of a method for generating DR events based on grid

operations and faults in accordance with one or more embodiments.

DETAILED DESCRIPTION

[0029] In demand-response (DR) systems, management of electric power usage by
end-user customers can be employed to optimize the demand for electric power with the
available supply. To avoid a scenario where the demand for power exceeds the available
capacity, or scenarios in which the capacity exceeds the demand (e.g., overproduction of
renewable sources) various management techniques have been employed. On the one hand, if
the capacity is not able to satisfy the demand, current load balancing techniques simply

manage the available capacity received from the energy generating source, and share it across
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the end-users with extreme situations of load shredding (i.e., blackout) when load
requirements cannot be satisfied. On the other hand, if unexpected peaks of power are fed
into the power grid, either renewable sources are disconnected from the grid, or consumers
are incentive to consume more power. However, these techniques fail to predict faults or
conditions that can lead to outages and also fail to prevent over or under-consumption of the
available energy resources. There may be a need to intelligently predict fault conditions and
reduce or increase energy consumption by flexible resources to mitigate the occurrence of
power outages.

[0030] By introducing predictive fault capabilities for outage conditions in the power
grid, the techniques described herein provide benefits through its capability to anticipate
possible unwanted situations, and in some cases, even avoid that outages or blackouts
conditions occur. Indeed, if a faulty condition is predicted, the aggregator is configured to
coordinate the available flexible resources in order to cope with the upcoming situation. In
this fashion, the overall quality of the power grids will be improved and the number of local
outages can be significantly reduced.

[0031] Referring to FIG. 1, there is shown an embodiment of a processing system 100
for implementing the teachings herein. In this embodiment, the system 100 has one or more
central processing units (processors) 101a, 101b, 101c, etc. (collectively or generically
referred to as processor(s) 101). In one embodiment, each processor 101 may include a
reduced instruction set computer (RISC) microprocessor. Processors 101 are coupled to
system memory 114 and various other components via a system bus 113. Read-only memory
(ROM) 102 is coupled to the system bus 113 and may include a basic input/output system
(BIOS), which controls certain basic functions of system 100.

[0032] FIG. 1 further depicts an input/output (I/O) adapter 107 and a network
adapter 106 coupled to the system bus 113. I/O adapter 107 may be a small computer system
interface (SCSI) adapter that communicates with a hard disk 103 and/or tape storage drive
105 or any other similar component. I/O adapter 107, hard disk 103, and tape storage device
105 are collectively referred to herein as mass storage 104. Operating system 120 for
execution on the processing system 100 may be stored in mass storage 104. A network
adapter 106 interconnects bus 113 with an outside network 116 enabling data processing
system 100 to communicate with other such systems. A screen (e.g., a display monitor) 115
is connected to system bus 113 by display adaptor 112, which may include a graphics adapter
to improve the performance of graphics intensive applications and a video controller. In

other embodiments, one or more components can be implemented in an embedded device,
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such as in internet-of-things (IoT) devices. In addition, this can be deployed fully local or
deployed partially local and enabled with IoT capabilities. Thus, video, graphics, reporting,
etc. ca be performed and/or controlled remotely. In one embodiment, adapters 107, 106, and
112 may be connected to one or more I/O busses that are connected to system bus 113 via an
intermediate bus bridge (not shown). Suitable I/O buses for connecting peripheral devices
such as hard disk controllers, network adapters, and graphics adapters typically include
common protocols, such as the Peripheral Component Interconnect (PCI). Additional
input/output devices are shown as connected to system bus 113 via user interface adapter 108
and display adapter 112. A keyboard 109, mouse 110, and speaker 111 all interconnected to
bus 113 via user interface adapter 108, which may include, for example, a Super I/O chip
integrating multiple device adapters into a single integrated circuit.

[0033] In exemplary embodiments, the processing system 100 includes a graphics
processing unit 130. Graphics processing unit 130 is a specialized electronic circuit designed
to manipulate and alter memory to accelerate the creation of images in a frame buffer
intended for output to a display. In general, graphics processing unit 130 is very efficient at
manipulating computer graphics and image processing, and has a highly parallel structure
that makes it more effective than general-purpose CPUs for algorithms where processing of
large blocks of data is done in parallel.

[0034] Thus, as configured in FIG. 1, the system 100 includes processing capability
in the form of processors 101, storage capability including system memory 114 and mass
storage 104, input means such as keyboard 109 and mouse 110, and output capability
including speaker 111 and display 115. In one embodiment, a portion of system memory 114
and mass storage 104 collectively store an operating system to coordinate the functions of the
various components shown in FIG. 1.

[0035] Turning now to FIG. 2, a system 200 for generating DR events based on grid
operations and faults in accordance with one or more embodiments is shown. The system 200
can be implemented in one or more elements of the system 100 provided in FIG. 1. As shown
in FIG. 2, the system 200 includes an aggregator 202 that is in communication with a power
grid 204 and one or more energy management systems (EMS) 206. The aggregator 202 is
configured to communicate with the power grid 204 over a network 210 and multiple EMS
206 over network 220. In addition, the aggregator 202 is also configured to communicate
with other networks/systems 230 either directly or indirectly over a network (not shown). The
aggregator 202 is configured to communicate with controllers 208 of each EMS 206 that

manage energy resource consumption and aggregate the data, individually and collectively,



WO 2020/036745 PCT/US2019/044645

for each EMS 206 and is configured to compare the aggregated usage with the available
capacity.

[0036] The EMS 206 includes a controller 208 to manage the resources that consume
energy at a particular customer location. In the example case of commercial buildings, the
energy consuming resources that are managed by EMS 206 can include HVAC systems,
chiller systems, batteries, supplemental energy sources such as solar and wind. It is to be
understood that other types of systems can be managed by the EMS 206 and are non-limiting
in scope. The systems, equipment, and devices controlled by the EMS 206 can be classified
as either a fixed type or a flexible type of resource. An example of fixed resources includes
those energy resources that cannot modify their load consumption/production. Alternatively,
an example of flexible resources includes those energy resources that are capable of
modulating their power consumption/production within certain operational limits. In one or
more embodiments, the resources can operate in a fixed/flexible mode based on various
factors such as the time of day or current resources consumption. In other embodiments, the
resources can have a priority or a percentage of availability that can be configured in a
fixed/flexible mode. In some instances, the EMS 206 is coupled to systems that can
supplement the energy supplied by the power grid 204. In this case, the EMS 206 can reduce
or increase the energy resources taken from the power grid 204 to optimally load balance the
available energy resources with the other EMS 206 in the system 200. The supplemental local
energy sources include solar and wind energy-based sources. In other instances, the
supplemental energy sources can include battery power or other stored energy source, on-site
energy sources, or any other device that can be operated to generate or produce energy.

[0037] Turning now to FIG. 3, elements and modules associated with an aggregator
300 for generating DR events based on grid operations and faults in accordance with one or
more embodiments is shown. In one or more embodiments, the aggregator 300 can be the
aggregator 202 of FIG. 2. The aggregator 300 includes a communication module 302 that is
configured to communicate with a power grid and multiple EMS systems. The
communication protocol can include any suitable wired/wireless protocol to communicate
either directly or indirectly over a network to the various devices and systems. In one
example, the communication protocol can include an open automated demand-response
(ADR) protocol. As shown in FIG. 3, the aggregator 300 also includes a profile module 304
that is configured to store load profile data such as periods of usage for a particular
customers, historical trends, flexible resources, etc. In one or more embodiments, the

aggregator 300 and/or system 200 can include an anonymizer module (not shown) to protect
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the identity of the customers. As data is collected and stored for each of the customers the
anonymizer module is configured to store the data in a manner that hides or masks the
identity of each customer.

[0038] A baseline or threshold limit for energy usage can be averaged over a period
of time and compared to current usage for analysis. The aggregator 300 is configured to
combine all of the usage data to predict how much capacity is available from the power grid.
Based on the comparison it is determined if the total demand from each of the EMS is likely
to exceed the total available capacity and cause a blackout. In this case, the aggregator 300
can send messages for each EMS to reduce their demand, for example, if the total demand is
within 10% of the total capacity. In addition, the aggregator 300 can consider whether one of
the EMS is over-consuming the energy resources compared to its historical usage patterns. In
this case, the aggregator can transmit a message to the particular EMS to reduce its energy
consumption or at least reduce its flexible consuming resources.

[0039] In other embodiments, in the event the aggregator 300 predicts (or it is noticed
by the grid) an increase of renewable energy generation or some alternate source of energy,
the power consumption for one or more EMS can be increased. The aggregator 300 can be
configured to send messages to each EMS to increase the power consumption to utilize the
excess or surplus amounts of power that was generated to avoid energy spikes.

[0040] The aggregator 300 also includes a fault detection module 306. Faults can
include black-out or brown-out conditions where the demand exceeds the power supply.
Faults can also include an overproduction of power where the power supply exceeds the
demand which can lead to spikes in power generation. For example, renewable resources
such as wind farms, which are weather dependent, can suddenly and unexpectedly increase
the power that is generated and lead to fault conditions. In a non-limiting example, a fault at
the power grid or supplemental energy sources can be communicated to the aggregator 300.
In other non-limiting examples, the fault can be determined based on performing calculations
to determine whether a capacity of the power grid or alternative energy sources has changed
or whether an abnormal consumption at a load has occurred. In other embodiments, the fault
detection module 306 is configured to predict whether an outage condition is likely to occur
based on the power grid status and EMS status. In addition, the fault detection module 306 is
configured to predict whether an overproduction condition is likely to occur based on
renewable energy source status and the EMS/load status.

[0041] In the event a fault has been detected or predicted, the aggregator 300 includes

a DR module 308 that is configured to generate a DR event to transmit to a controller at the
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load. In one or more embodiments, the aggregator 300 functions as a load manager to
optimize the power usage from the grid. The aggregator 300 can instruct the load either to
reduce/increase power consumption or completely stop power consumption for a period of
time. In one or more embodiments, the EMS can instruct its high energy consuming loads to
reduce its usage before disabling other lower energy consuming loads. In the event of
overproduction of power, such as by the renewable energy sources and/or other energy
sources, the aggregator 300 can instruct each EMS to increase their respective energy
consumption to avoid spikes leading to fault conditions. In this example, a windfarm
manager can be configured to stop all or part of the wind turbines. In one or more
embodiments, the load power can be modulated to increase or decrease its demand based on
the predicted fault condition.

[0042] The aggregator 300 as shown in FIG. 3 can also include another module(s)
310 such as additional hardware and/or software components to add functionality to the
aggregator. Furthermore, it should be understood that other configurations and arrangements
of the aggregator 300 can be implemented to manage the system such as the system 200
shown in FIG. 2.

[0043] Turning now to FIG. 4, a flowchart of a method 400 for generating DR events
based on grid operations and faults in accordance with one or more embodiments is shown. It
should be understood, the method 400 can be implemented in any of the systems shown in
FIGS. 1-3. The method 400 begins at block 402 and proceeds to block 404 which provides
for communicating with the grid to obtain the grid status. The aggregator is configured to
collect status information for the power grid to determine the current operational performance
and capacity.

[0044] At decision block 406, the method 400 determines whether a fault condition
has been reported. The power grid can transmit an existing fault to the aggregator such as a
failed generator which reduces the overall available capacity of the power grid. The power
grid can also transmit an indication to the aggregator indicating a generator is operating at a
reduced level which reduces the overall capacity. The power grid can also indicate if
maintenance is to be performed taking a generator offline or any other indication that a
change in the production rate of power is to occur. In addition, it is to be understood that any
type of status information or message can be provided by the power grid can be processed
and used in the method 400.

[0045] In the event a fault has been reported and/or determined, block 408 provides

for the generation of the DR event for notification. Responsive to generating the DR event,
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the indication is transmitted to one or more EMS indicating that the capacity has been
impacted and to reduce the consumption. In one or more embodiments, a single EMS may be
tasked with reducing its local resource. In another embodiment, the plurality of EMS may be
tasked with reducing its energy consumption in a load balancing manner. In some other
embodiments, a negotiation phase among the plurality of EMS and the aggregator may be
performed to determine which EMS or combination of EMS will be instructed to adjust their
power to achieve a certain level of power reduction. Otherwise, at block 408, if no fault
condition has been reported at block 410 the method 400 provides for forecasting flexible
resources, load profiles, and grid production. In one or more embodiments, the flexible
resources of each EMS can be stored at the aggregator.

[0046] The aggregator can also track weather information which can indicate if a
storm or other condition that can impact the electric power supplied to each EMS. For
example, a severe thunderstorm can take down power lines. High or low wind conditions can
impact the production of energy using wind turbines. In another example, overcast or cloudy
conditions can impact solar based energy production such as PV panels. In addition, the load
profiles for each EMS can be stored at the aggregator to track the usage over a period of time.
The usage data can be used to identify trends from each EMS which can be further used to
identify abnormal usage. The aggregator is also configured to store the current and historical
power grid production rates and capacity.

[0047] At block 412, an optimization-based fault detection and identification is
performed. In one or more embodiments, the aggregator is configured to analyze the
combination of flexible resources, load profiles, and power grid production to determine
whether a fault is likely to occur. The method 400 proceeds to the decision block 414 to
determine whether a fault is predicted. In the event no fault is predicted, then, as shown at
block 416, no communication is provided to the EMS. Otherwise, if a fault is predicted, block
418 provides for generating a DR event for notification to one or more EMS to modify its
energy consumption. In one or more embodiments, the method 400 returns to block 404 and
continues to communicate with the power grid to determine the status.

[0048] The technical effects and benefits include coordinating available flexible
resources based on a predicted fault condition. The technical effects and benefits include
improving the overall quality of the power grids and significantly reducing the probability of
outages occurring due to reduced grid performance or over-consumption at the loads.

[0049] As described above, embodiments can be in the form of processor-

implemented processes and devices for practicing those processes, such as a
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processor. Embodiments can also be in the form of computer program code containing
instructions embodied in tangible media, such as network cloud storage, SD cards, flash
drives, floppy diskettes, CD ROMs, hard drives, or any other computer-readable storage
medium, wherein, when the computer program code is loaded into and executed by a
computer, the computer becomes a device for practicing the embodiments. Embodiments can
also be in the form of computer program code, for example, whether stored in a storage
medium, loaded into and/or executed by a computer, or transmitted over some transmission
medium, loaded into and/or executed by a computer, or transmitted over some transmission
medium, such as over electrical wiring or cabling, through fiber optics, or via electromagnetic
radiation, wherein, when the computer program code is loaded into an executed by a
computer, the computer becomes a device for practicing the embodiments. When
implemented on a general-purpose microprocessor, the computer program code segments
configure the microprocessor to create specific logic circuits.

[0050] The term “about” is intended to include the degree of error associated with
measurement of the particular quantity and/or manufacturing tolerances based upon the
equipment available at the time of filing the application.

[0051] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the present disclosure. As used
herein, the singular forms “a”, “an” and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, integers, steps, operations, element
components, and/or groups thereof.

[0052] Those of skill in the art will appreciate that various example embodiments are
shown and described herein, each having certain features in the particular embodiments, but
the present disclosure is not thus limited. Rather, the present disclosure can be modified to
incorporate any number of variations, alterations, substitutions, combinations, sub-
combinations, or equivalent arrangements not heretofore described, but which are
commensurate with the scope of the present disclosure. Additionally, while various
embodiments of the present disclosure have been described, it is to be understood that aspects
of the present disclosure may include only some of the described embodiments. Accordingly,
the present disclosure is not to be seen as limited by the foregoing description but is only

limited by the scope of the appended claims.
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What is claimed is:

1. A computer-implemented method for generating demand response (DR) events
based on grid operations and faults, the computer-implemented method comprising:

obtaining grid status information;

determining a fault condition based at least in part on the grid status information;

generating a DR event based at least in part on the fault condition; and

responsive to generating the DR event, transmitting a notification of the DR event.

2. The computer-implemented method of claim 1, wherein the grid status information
comprises current available capacity and energy production rate.

3. The computer-implemented method of claim 1, further comprising predicting a
fault, wherein predicting the fault comprises:

aggregating energy management system (EMS) data from one or more EMS;

comparing the aggregated EMS data and the grid data to predict the fault;

generating a DR event responsive to the comparison; and

transmitting a notification of the DR event to one or more systems.

4. The computer-implemented method of claim 3, wherein the aggregated EMS data
comprises at least one of load profile information for each EMS, flexible resource
information for each EMS, or supplemental energy sources for each EMS.

5. The computer-implemented method of claim 1, wherein the notification comprises
a request to modulate power consumption for a defined period of time to balance the load
during the DR event.

6. The computer-implemented method of claim 4, wherein the load profile
information comprises at least one of historical energy usage information, weather
information, or previous fault information.

7. The computer-implemented method of claim 3, further comprising performing
load balancing of one or more EMS based at least in part on the EMS data, the grid status,
and a predicted fault.

8. A system generating demand response (DR) events based on grid operations and
faults, the system comprising:

a power grid;

one or more energy management systems (EMS) system controllers;

an aggregator in communication with the power and the one or more EMS controllers,
wherein the aggregator is configured to:

obtain grid status information;
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determining a fault condition based at least in part on the grid status information;

generate a DR event based at least in part on the fault condition; and

responsive to generating the DR event, transmit a notification of the DR event.

9. The system of claim 8, wherein the grid status information comprises current
available capacity and energy production rate.

10. The system of claim 8, wherein the aggregator is further configured to:

Aggregate EMS data from the one or more EMS;

compare the aggregated EMS data and the grid data to predict the fault;

generate a DR event responsive to the comparison; and

transmit a notification of the DR event to one or more systems.

11. The system of claim 10, wherein the aggregated EMS data comprises at least one
of load profile information for each EMS, flexible resource information for each EMS, or
supplemental energy sources for each EMS.

12. The system of claim 8, wherein the notification comprises a request to modulate
power consumption for a defined period of time to balance the load during the DR event.

13. The system of claim 11, wherein the load profile information comprises at least
one of historical energy usage information, weather information, or previous fault
information.

14. The system of claim 10, wherein the aggregator is further configured to perform
load balancing of the one or more EMS based at least in part on the EMS data, the grid status,
and a predicted fault.

15. An aggregator for generating demand response (DR) events based on grid
operations, the aggregator comprising:

a communication module configured to communicate with one or more systems and a
power grid;

a fault module configured to detect and predict a fault condition based at least in part
on energy management system (EMS) data and the grid status information;

a profile module configured to store load profile, flexible resource, grid production;

a DR event module configured to generate a notification based on at least one of a
fault or a predicted fault; and

wherein the communication module is configured to transmit the DR event.

16. The aggregator of claim 15, wherein the grid status information comprises current

available capacity and energy production rate.

13
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17. The aggregator of claim 15, wherein the aggregator is further configured to
predict a fault, wherein predicting the fault comprises:

aggregating energy management system (EMS) data from one or more EMS;

comparing the aggregated EMS data and the grid data to predict the fault;

generating a DR event responsive to the comparison; and

transmitting a notification of the DR event to one or more systems.

18. The aggregator of claim 17, wherein the aggregated EMS data comprises at least
one of load profile information for each EMS, flexible resource information for each EMS, or
supplemental energy sources for each EMS.

19. The aggregator of claim 15, wherein the notification comprises a request to
modulate power consumption for a defined period of time to balance the load during the DR
event.

20. The aggregator of claim 18, wherein the load profile information comprises at
least one of historical energy usage information, weather information, or previous fault

information.
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