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ABSTRACT

A system and process/method of modeling demand-response (DR) and distributed-energy
resource (DER) assets is provided, facilitating the aggregation of said assets in virtual power
plants (VPPs), and using VPPs to provide energy balancing services needed to minimize the
impact of Variable Energy Resources (VER) on power system. The method accurately accounts
for assets by qualifying assets based on various parameters and by forecasting the capabilities of
the resulting VPPs for provision of balancing services. Asset performance factors that may affect
the aggregated VPP’s capabilities are monitored and recalculated when necessary. Near-term
forecasted VPP capability is compared to near-term forecasted imbalances in the electric-power-
supply system, and the VPP is dispatched to minimize the system imbalances. The dispatch
signal is disaggregated to control commands to individual assets. This process provides a
reliable and cost effective approach to support higher penetrations of renewable generation in the

electric power system.
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Use of Demand Response (DR) and Distributed Energy Resources (DER) to mitigate the
impact of Variable Energy Resources (VER) in Power System Operation

[0001]

[0002]

FIELD OF THE INVENTION
[0003] The present disclosure relates generally to electric power/energy and, more particularly,
to systems and methods of modeling individual power/energy generation and demand resources

and then aggregating these resources for various uses.

BACKGROUND OF THE INVENTION

[0004] The reliable operation of the electric power system requires maintaining a balance
between the total supply (i.e., generation and imports) and the total demand (i.e., load and
exports) at any given time. Under guidelines established by the North American Electric
Reliability Corporation (NERC) that regulate the reliability of power system operations, the
North American power grid is divided into many adjacent balancing areas, each responsible for
maintaining the balance between the supply and demand in their respective region. To achieve

the balance in a most economic fashion, the electric utility industry has historically utilized load
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forecasting and economic dispatch optimization systems to optimize the scheduling of generation
resources in such a way as to minimize the cost for the production of electrical energy sufficient
to meet the forecasted demand, while taking into account capacity reserved for contingency
reserves and regulation (ancillary services), and then dispatch these resources in real time to
maintain the supply and demand balance and meet the energy demand of the utilities’ consumers
at least cost. These economic dispatch optimization systems typically consider the generation
from facilities under the control of a single Balancing Area, for example energy generating
plants fueled by natural gas, coal, nuclear fuel, water (hydro), oil, and refuse, as well as energy
available for purchase from electricity suppliers on an energy market, as an import. In order to
match forecasted load and meet real-time electricity demand, entities utilizing economic dispatch
optimization systems typically increase or decrease generation from particular generation units.
The environmental regulations and consumer sentiment of the recent years have resulted in a
rapidly expanding portfolio of renewable energy resources in many regions. The renewable
generation resources such as, solar and wind power facilities, are generally non-dispatchable and
due to their dependence on the amount of pertinent natural resources (e.g., sunshine, wind, etc.)
have variable generation patterns, and thus they are referred to as Variable Energy Resources
(VER). Nearly all utility companies have now established a trend to incorporate electrical
generation from VERSs into their generation portfolio. The real time availability as well as
accurate long term forecast of natural resources, such as sunlight (unblocked by cloud cover) and
wind, remain unpredictable to an absolute degree; although some short term forecasting
modeling for cloud cover and wind speed is beginning to yield more accurate predictions on such
resource availability. If a stray cloud shields a solar panel array from the sun, there is a near

instant impact to the generating capacity output of a solar generation resource, which an
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electrical utility will have to compensate for through acquiring additional generation from
another source. If that same stray cloud then moves on a few short minutes later, the generating
output is then ramped back up to a higher capacity. Again, the Balancing Area must readjust
generation resources to match the real-time electric demand through its economic dispatch
optimization system or other method. Purchase of additional electrical energy from a market,
especially during an emergency or on short-notice basis, for balancing periodic generation
fluctuations can be costly with such incurred costs passed on to the electricity consumer.
Moreover, adjusting the generating output of other traditional generation resources, most notably
coal fire generation plants, on an intra-hour basis for short periods of time to mitigate
fluctuations to generation output is also costly, if even possible given the physical ramping

constraints associated with many such generation facilities.

Use of Demand Response

[0005] The use of demand response (DR) to reduce electrical energy demand is well known to
electrical utilities. Electric utilities have encouraged consumers to enroll their electrical assets,
such as, but not necessarily limited to water heaters, air conditioners and pool pumps, into
demand response programs, permitting the electrical utility to cycle or even turn off the enrolled
asset to shed load during peak consumption periods (or as otherwise contractually agreed upon).
Programs were established to include groups of like assets across a generally shared locality.
[0006] Traditionally, electrical utilities have initiated demand response events under
emergency conditions without an accurate prediction of available DR. An electrical utility
would initiate a DR event to cycle, turn off or otherwise reduce the electrical energy demand of

ideally all assets enrolled in a particular program. In practice, an asset may be unresponsive to a
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DR event initiation signal or may never receive the signal at all. Moreover, asset owners may
have the contractual ability to opt-out of certain DR events. The electrical demand of enrolled
assets may change based on a variety of factors, including by not limited to external or ambient
meteorological conditions (e.g., temperature and humidity), the condition and age of the asset,
the time of day or the day type (e.g., work day, weekend, etc.), contractual parameters, and
recent history of asset dispatch. Electric utilities have thus far not utilized DR to provide flexible
reserves and load following capabilities needed to mitigate variable generation. In fact, utilities
generally rely on expensive regulation to absorb the fluctuations of VER, and on Contingency
Reserves to mitigate sudden large changes in VER output. The use of load following and
ramping products to mitigate variable generation is emerging but is generally limited to
provision of these services from dispatchable generation resources. Using DR for provision of
such products has been a missing gap in this regard.

[0007] Electrical utilities are also unable to accurately predict and account for the amount of
available load reduction capacity as well as ramp time for a DR event to begin to be realized.
The amount of available load reduction is a function of operating status of the participating
assets, ambient conditions and other factors that may not be under control of the electric utility.
The initiation of DR events necessarily requires communication of control commands from a
dispatch point to all assets participating in the designated DR program. In practice, such
communication has historically been accomplished through utilization of many methods such as
one-way radio signals, power line carriers, and telephone notifications. More recently, the energy
industry has begun to incorporate additional communication methods and protocols for
communicating DR events along with corresponding device telemetry, including but not limited

to incorporating Wi-Fi, cellular, and various internet methods. Previous one-way networks were
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more costly and have lower levels of performance. Regardless of the communication method
used, electrical utilities also have been unable to accurately and effectively predict and account
for the amount of time every individual asset enrolled within a DR program requires for
receiving and then responding to a DR event initiation signal. Without such accurate available
capacity and ramping information, the real-time utilization of DR as a dependable source of
flexible reserve remains infeasible for electrical utilities.

[0008] Moreover, electrical consumers have also begun to incorporate additional distributed
energy resources (DERS), such as but not necessarily limited to solar panels, backup generation,
electric cars, electric battery storage, thermal storage units, among others, in order to reduce their
electricity bill or make better use of electric supply. Although the physical characteristics and
capacities of many DERs are well known and predictable with incorporation of various real time
factors, such as ambient temperature, the accurate modeling of power output and aggregation of
multiple DERs is lacking in accuracy and reliability. The power output of DERs must likewise
be more precisely modeled and predicted before they can become a dependable flexible reserve
source.

[0009] Also absent from electrical utilities capability has been the ability to accurately model
the effective duration of use of any particular DER. The electrical power output of a DER can be
affected by any number of factors, including but not limited to type of unit, wear on the unit or
its components, ambient temperature and light, and fuel resource availability or quality. Thus
electrical utilitics have been unable to dependably utilize DERs for accurate periods of time to
mitigate the effects of periodic generation output fluctuations.

[0010] Thus, while generally beneficial for the utility to shed a portion of load during periods

of peak demand by utilizing DR or incorporating additional generation from DERs, without more
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dependable and accurate prediction of load shed, anticipation of ramp period, and modeling of
effective generation duration, electric utilities have been unable to fully and precisely incorporate
DR and DER assets as operating and flexible reserve generation resources in order to mitigate
the periodic fluctuations in generation output inherent with the utilization of VERs to balance

generation with load demand in real time.

BRIEF SUMMARY OF THE INVENTION
[0011] In general, this disclosure is directed toward accurately modeling the available capacity,
ramping, and effective durational use of DR and DER resources and the subsequent aggregation
of such modeled assets into resources for various uses, including but not necessarily limited to
the creation of dependable operating and flexible reserve resource capacity for use in mitigating
the effects of periodic electric generation fluctuations due to variability and unpredictability of
output of VERs, using demand response and storage capabilities as reserve capacity to satisfy
ramping and regulation requirements, and in a look-ahead time frame using these capabilities for
economic optimization of supply and demand while considering VER forecast. Using the
systems and methods described in this disclosure, the electrical generation capacity output of DR
and DER resources can be accurately modeled and aggregated into one or more Virtual Power
Plants (VPPs), with an accurately predictable output capacity and capabilities determined in real
time.
[0012] With the continued lower costs of electronic sensing and control devices paired with
advancements in communication technologies, and more specifically paired with advancement in
communication protocols, such as but not necessarily limited to ZigBee and XMPP, which

facilitate reliable two-way telemetry and heartbeat communications as well as remote control
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capabilities, the operating status of individual assets can be incorporated into the modeling for
individual assets as well as for the aggregation of assets into a localized VPP.
[0013] In at least one embodiment, this disclosure is directed to a computer program for use
with a graphics display device, the computer program comprising a computer usable medium
having computer readable program code means embodied in the medium for facilitating the
systems and methods described herein, more specifically computer program code for the input of
various data, user enrollment, and registration of assets, calculation and modeling of asset
characteristics, aggregation of modeled assets and asset characteristics, and revaluation and/or
recalculation of asset models.
[0014] In one example, this disclosure is directed to a method comprising the addition of
enrolled DR or DER asset information, identifying the asset’s classification based on the
provided asset information, modeling the characteristics of individual assets, capturing location
of assets on the electric distribution grid, and then aggregating and mapping the enrolled assets
into VPPs as desired.
[0015] The invention may take the form of a system for modeling the capacity, ramping, and
effective durational use of available DR and DER resources and subsequent aggregation of such
modeled assets for various uses, configured to:

enter enrolled DR or DER asset information,

assess the asset’s qualification,

identify the asset’s classification, location, and relevant parameters,

model the characteristics of individual assets,

aggregate the enrolled assets, and map them into VPPs,

Forecast VPPs capacity for mitigating the impact of VER, and
7



CA 02846342 2014-03-14

dispatch VPPs to minimize supply and demand imbalance due to VER.
[0016] The invention may also include a method to model capacity, ramping and effective
durational use of available DR and DER resources and then subsequently aggregate such
modeled assets for various uses by:

entering enrolled DR or DER asset information,

assessing the asset’s qualifications,

identifying the asset’s classification, location, and relevant parameters,

modeling the characteristics of individual assets,

aggregating the enrolled assets, and map them into VPPs,

Forecast VPPs capacity for mitigating the impact of VER, and

dispatch VPPs to minimize supply and demand imbalance due to VER.
[0017] The details of one or more aspects of the disclosure are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will be apparent

from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0018] FIG. 1 is a flow chart of the general components of the demand response
(DR)/distributed energy resource (DER) system and method for mitigating the impact of VER
according to one embodiment of the present invention.
[0019] FIG. 2 is a flow chart of an embodiment of the registration process for a DR/DER asset.
[0020] FIG. 3 is a flow chart of an embodiment of the asset modeling process.
[0021] FIG. 4 is a flow chart of an embodiment of the virtual power plant (VPP) capability

forecasting process.
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[0022] FIG. 5 is a flow chart of an embodiment of the real-time variable energy resource
(VER) balancing process.

[0023] FIG. 6 is a flow chart of an embodiment of the asset modeling parameter tuning
process.

[0024] FIG. 7 is a block diagram illustrating a computer system that may be utilized in the

performance of the disclosed methods and processes.

DETAILED DESCRIPTION OF THE INVENTION
Overview
[0025] FIG. 1 is a flow chart illustrating a broad overview of the processes in a preferred
embodiment of the present invention. In registration process 10, DR/DER assets are registered
in a DR/DER program and ranked on their qualifications for such a program, and data are
gathered on the assets’ location on the electric distribution grid, usage and contractual
parameters, load and generation capabilities, among others. In modeling process 20, the asset
data gathered in registration process 10 are translated to parameters that are directly indicative of
the asset’s potential performance as part of a VPP. Examples of these parameters include
available capacity for curtailment and the delay between the time a curtailment command is sent
to an asset and the time the benefits from curtailing the asset’s load are made available. This
translated asset data is used to aggregate assets into VPPs. In VPP capability forecasting process
30, contemporaneous and near-future data are recorded and used to forecast the expected
capability of a VPP in the near future. In real-time VER balancing process 40, contemporaneous

and near-future electric power supply and demand imbalances are compared to contemporaneous
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and near-future VPP capability to determine whether one or more VPPs may be utilized to
balance said imbalances. Finally, in asset model tuning process 50, the capabilities of VPPs are
heuristically updated using actual performance of dispatched assets in DR/DER events as
compared to the forecasted performance. In one embodiment these processes can be programmed
through a computer application for autonomous execution.

[0026] FIG. 2 is a flow chart of a particular embodiment depicting the process by which a
DR/DER asset can be registered or enrolled. As shown in FIG. 2, a DR/DER asset that is
enrolled or registered into an applicable program 100 must meet certain qualifications (step 101)
in order to participate in the disclosed method and process. Qualifications may include that the
assets have a fast response rate for dispatch in order to support the balancing of variable energy
generation. In order for the asset to have the capability of responding to dispatch signals in a ’
short time frame, such as from a few seconds to one minute, the asset may need to be equipped
with a direct-load-control capability or be supported by an operator on a 24X7 basis.

[0027] Afier assessing the qualifications 101 of the asset, the asset’s classification and location
are identified 102. Classification may be based on criteria such as, but not necessarily limited to,
load, generation, and storage. An asset’s location on the electric grid may be determined through
any number of methods known in the art, including but not limited to, identifying the circuits,
transformer, and substation to which the DR/DER asset may be connected.

[0028] In addition, the technical, operational, and contractual parameters of the asset are
captured 103. There are many ways such information can be retrieved, depending on the type of
asset. Some assets, such as smart appliances, may have some of this information loaded within
their memory and may have the capability to communicate it. Parameters for other assets may be

available by, for example, querying related databases or contacting asset owners. Technical
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parameters may comprise nameplate capacity, i.e. the load an asset would consume if constantly
operating at full capability, cycling capability, and minimum load, among others. Operational
parameters may comprise modes of operation and ramping time, among others. Contractual
parameters may comprise dispatch availability time windows, maximum dispatch time interval,
and maximum number of dispatches in a time period, among others.

[0029] Once technical, operation and contractual parameters are captured 103, the
communications and control capabilities of the asset are established 104. The asset’s data
communications parameters for the dispatch, control, and monitoring of the asset’s performance
are identified. Such parameters may include data communication types such as, but not
necessarily limited to, internet, radio, or cellular communication. Additional parameters may
include data communications address and associated parameters, data communications security
codes, and data communications protocol. Control device capabilities and modes of operations
also need to be identified.

[0030] Finally, information captured during the asset enrollment or registration process can be
stored in a computer database 105 for further use.

[0031] At any point during the registration process it may be desired to remove assets from
consideration as VPP components if said assets’ characteristics make them unfit for inclusion in
a VPP. In preferred embodiments the assessment of asset’s qualification (step 101) would
include such means. This may be performed, for example, concurrently with qualification
assessment, by only allowing those assets that meet the qualifications to proceed to step 102.
This may also be performed after all asset information has been collected in steps 101-104, by
preventing the collected information relating to assets that did not meet the qualifications from

being recorded in step 105. Alternatively, the assessment of asset’s qualification may allow non-
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qualifying assets to proceed through all registration steps 100-105, but may flag all information
relating to those assets to prevent the assets from being considered in further processes 20-50.
[0032] Asset registration is presented as a linear process in the embodiment illustrated by FIG.
2 for ease-of-presentation purposes only. In other embodiments steps 101, 102, 103, and 104

may occur in any order, or may occur simultaneously.

Modeling Process

[0033] FIG. 3 is a flow chart of a particular embodiment of the Modeling Process 20 wherein
the asset information captured during the Registration Process 10 is modeled and aggregated into
VPPs. As part of the modeling process, asset information may be translated from a load-
consumption perspective to industry standard parameters that may be used to evaluate the asset’s
performance as a VPP.

[0034] Asset’s available capacity to contribute to a VPP, i.e., to be curtailed as part of a DR
event, is modeled 201 by adjusting the asset’s nameplate capacity according to time-based
parameters related to the asset’s operation and energy-consumption patterns. This may include,
but is not limited to, environmental data and data related to the asset’s set-point, i.e., the level to
which the asset has been set to run by the asset owner. For example, a residential air-
conditioning unit may have a nameplate capacity of 1.75 kilowatts. However, if the heat index at
asset’s location were relatively low and the air temperature the asset is typically programmed to
maintain (the air conditioner’s set-point) during the relevant period in the day were relatively
high, the air conditioning unit would be expected to consume load infrequently. In this case the
air conditioner may be expected to consume only 0.20 kilowatts on the average over the time

period. Thus, the air conditioner’s available capacity for curtailment may be estimated 201 by
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weighting the nameplate capacity by the time-based parameters, i.e. the heat-index patterns and
the set-point patterns.

[0035] As a further example, a residential water heater may have a nameplate capacity of 1.00
kilowatt. However, if the water heater’s owner typically uses very little water at the relevant
point in the day, the water heater would be expected to consume load infrequently. In this case
the water heater may be expected to consume only 0.10 kilowatts on the average over this time
period. Thus, the water heater’s available capacity for curtailment may be estimated 201 by
weighting the nameplate capacity by time-based hot-water usage patterns.

[0036] The energy-consumption patterns of different types of assets may be affected by
different time-based parameters. Thus, determining an asset’s available capacity 201 will require
the nameplate capacity to be weighted by different time-based parameters for different types of
assets. In preferred embodiments, all parameters that may have an effect on the likely usage of an
asset will be included when determining asset’s available capacity 201.

[0037] Asset’s response time to a dispatch signal, i.e., the amount of time between sending a
dispatch signal to asset and the asset reducing its energy consumption by the desired amount,
may be modeled 202 by adding the time intervals between the time for a DR/DER dispatch
decision is made to the time it takes the asset to change its load consumption upon receiving a
signal. The time required for a dispatch signal to travel to the DR/DER asset may be affected,
for example, by the method by which the signal is sent. The time it takes for the asset to change
its load consumption may be affected, for example, by the operating state of the asset, and the
time of day. Further, the DR/DER programs in which some assets are enrolled may require prior

notification of at least a certain amount of time before assets could be curtailed. In those
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programs, that required notification time should also be added in the determination of the asset’s
response time 202.

{0038] The asset’s sustained operational capability, i.e., the period of time that an asset’s load
may be curtailed continuously, may be modeled 203 by adjusting the asset’s available capacity
(as modeled in step 201) according to, as applicable, contractual limits of the asset, the asset’s
capacity, and the current operating state of the asset. For example, certain DR/DER program
agreements may set contractual limitations on the maximum amount of time an asset may be
curtailed. These contractual limits may be dependent on the time of day or other parameters
included in the program agreement. In preferred embodiments step 203 will account for all
parameters included in a program agreement. The asset’s capacity, for example, may be
applicable to an electrical storage device; more energy stored in the storage device allows the
device to be curtailed for longer. The asset’s operating state may be applicable, for example, to
an air conditioner wherein the temperature of the room, as compared to the air conditioner’s set-
point and location heat index, will have implications on how long the air conditioner could be
curtailed before the temperature in the room began to rise dramatically. If contractual agreements
or regulatory requirements prohibited curtailing air-conditioning units to the extent that
temperatures rise a certain amount over the set-point, the air conditioner’s operating state would
be applicable in determining how long the air conditioner could be curtailed.

[0039] Once the individual assets are modeled according to the above analyses, they can then
be aggregated into dispatchable resources or virtual power plants (VPPs) 204 for a locality, such
as but not necessarily limited to, a substation. Information about the individual assets, including
grid location and asset classification 102 are used to select which assets to include in each

particular VPP, More specifically, for a particular substation, information inciuding but not
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necessary limited to asset type, response time, computing capacity, grid location, and response
profile for individual assets will be used for the aggregation of assets into VPPs.

[0040] The asset’s modeled Available Capacity 201, Response Time 202, and Sustained
Capability 203 can then be used to establish the VPP 204 operating parameters. Such parameters
comprise a VPP’s maximum capacity (or Pmax), the VPP’s available ramp rate, and available
energy or operating duration, among others. Using these models, the values of these parameters
are determined for the current time period and forecasted for the near-future time frame, e.g., the
next several hours at a 5 minute time resolution. The resulting information may then be stored
205 for further use or later recall and access.

[0041] At any point during the modeling process it may be desirable to remove certain assets
from consideration as a VPP component. In preferred embodiments this may be incorporated as
part of any of determining asset’s available capacity 201, determining asset’s response time 202,
and determining asset’s sustained operational capability 203. If, for example, an asset’s response
time as a VPP component is determined 202 to be too slow for VPP purposes, the system would
not determine asset’s sustained operational capability 203, and thus the asset would not be
aggregated into a VPP 204.

[0042] Modeling is presented as a linear process in the embodiment illustrated by FIG. 3 for
ease-of-presentation purposes only. In other embodiments steps 201, 202, and 203, may occur in

any order, or may occur simultaneously.

VPP Capability Forecasting Process
[0043] FIG. 4 illustrates a particular embodiment of the process by which the operating

parameters of a VPP’s resource capabilities can be updated on an on-going basis. A periodic
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execution parameter 300 is established. The periodic execution parameter 300 is the time
interval establishing how often the VPP Capability Forecasting Process 30 is performed, e.g.,
every 5 minutes. Data pertaining to near-term weather forecast for weather zones in which the
assets are located may be obtained 301 from a weather service, such as the Oceanic and
Atmospheric Administration (NOAA), and will be inputted into the system. Weather data may
be, in this embodiment, the expected heat index of the zone in which an air-conditioning asset is
located, or the expected cloud cover over a solar-panel asset on a residential roof.

[0044] Using any data communications infrastructure known in the art, such as but not
necessarily limited to the infrastructure identified in step 104, the current operating set-point of
the participating assets are obtained 302. For example, the set-point of a smart thermostat could
be determined by remotely querying the thermostat for the temperature it is set to maintain.
Similarly, as another example, the set-point of a commercial building energy management
system can be obtained through communications with the building energy control system. This
set-point data is considered in conjunction with the weather data obtained in step 301, and may
have significant impacts on an asset’s available load curtailment capacity. For example, if an
air-conditioning asset is located in a weather zone that is forecasted to increase from 65 degrees
Fahrenheit to 85 degrees Fahrenheit over the next hour, and the thermostat controlling that air-
conditioning asset is set to maintain the temperature at 67 degrees Fahrenheit, that air-
conditioning’s compressor will be cycling more often demanding a larger amount of electric
load, thus it will have greater available capacity for curtailment. However, if the weather zone
containing the same air-conditioning asset, controlled by the same thermostat with the same set-

point were forecasted to decrease from 70 degrees Fahrenheit to 55 degrees Fahrenheit over the
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next hour, that air-conditioning asset will be shut off by the thermostat, and will not be
demanding any load, and thus does not have available capacity to be curtailed.

[0045] Demand Response and load curtailment contracts typically include parameters limiting
the number of curtailments over a time period, e.g., over a day, a week, or a month, as well as
limiting the duration of load curtailment. The assets’ histories of prior curtailments are then
updated and compared to the assets’ contractual parameters 303. These contractual parameters,
as identified in step 103, will determine whether an asset is available to be curtailed as part of a
DR event. For example, if the contractual parameters of an asset only allow it to be curtailed as
part of a DR event three times per month, and the asset had already been curtailed three times,
the asset would not be available to be curtailed regardless of how much load the asset is
forecasted to demand over the DR event. This would also be true if the DR event fell outside the
time window that the contractual parameters allowed the asset to be curtailed as part of a DR
event. Based on these parameters, and the asset’s operating model, the available capacity of the
asset is forecasted for the current time, and for the near-future time frame.

[0046] Based on the information from the steps 301-303, each VPP’s available capacity can be
accurately forecasted 304 by aggregating the operating capacity characteristics from all the
individual assets included in a VPP by step 204. This step will provide for the determination of
the available curtailment capacity of each VPP over the forecasting time frame.

[0047] In addition, the response times of the individual assets are aggregated into a response
curve 305, known as the ramp rate of the VPP. An asset’s response time presents the time period
between the moment that curtailment signal is issued, to the time when the actual load reduction
occurs. Since a VPP represents an aggregation of many assets, a VPP ramp rate represents the

rate by which the aggregated load reduction can be realized. A VPP’s ramp rate, typically

17



CA 02846342 2014-03-14

captured as curve representing load reduction level as a function of time, is determined in a
similar manner by considering each asset’s response time models 202 from all assets aggregated
within a VPP 204, This provides accurate information on how quickly the VPP’s available
capacity can be utilized. Similarly, the sustained operational capability of the assets that are
available to be curtailed are evaluated and aggregated to update the VPP’s sustained operational
capability 306. This provides information on how long the available capacity of the VPP can be
utilized.

[0048] A VPP’s computed resource capabilities may then be mapped into dispatchable
products 307, considering the VPP’s ramp rate and sustained duration. These dispatchable
products 307 can be made available for the desirable use, including but not necessarily limited
to, balancing variable energy resources (VER) at each VPP location or trading as available
electric energy, among many other uses. The VPP’s available resource capacity can be
designated as flexible reserve and can supplement or replace non-spinning reserve, spinning
reserve, and regulation. In a particular embodiment of the invention, the forecast of a VPP’s
available capacity 304, ramp rate 305, sustained operational capability 306, and dispatchable
product mapping 307 are captured and stored in a database for later use or recall 308.

[0049] Upon expiration of an amount of time equal to the periodic execution parameter 300,
weather data may again obtained 301, and the forecast of all VPP’s available capacity 304, ramp
rate 305, sustained operational capability 306, and dispatchable product mapping 307 are
updated based on the latest available data. In a preferred embodiment, the periodic execution
parameter 300 is defined as a relatively short duration of time (typically 5 minutes), to enhance
the accuracy of the forecasting by incorporating latest information and dynamic changes in

weather and assets’ operating conditions. At any point during the VPP Capability Forecasting
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process it may be desirable to remove certain assets from consideration as a VPP component for
near-term dispatchable products. In preferred embodiments this may be incorporated as part of
any of updating asset’s dispatch history 303, updating VPP’s available capacity 304, updating
VPP ramp rate 305, and updating VPP’s sustained operational capability per model 306. In these
embodiments asset may be excluded due to any step 301-306 in which it becomes clear that the
VPP’s near-term capabilities are being reduced by the asset’s near-term forecasted performance.
If, for example, obtaining near-term weather data 301 and obtaining asset’s operating set-point
302 shows that an air conditioner will not be consuming load in the near term, and thus cannot be
curtailed, that asset may be excluded from consideration. The asset may also be excluded if
updating asset’s dispatch history 303 shows that the asset cannot be dispatched in the near-term
due to contractual limitations. In any case in which an asset is excluded as part of the VPP
Capability Forecasting Process, the asset may or may not be considered in future VPP Capability

Forecasting Processes, depending on the circumstances.

Real-Time VER Balancing Process

[0050] FIG. 5 illustrates an embodiment of the Real-Time VER Balancing Process 40.  This
process covers the activities associated with the assessment of electric power supply and demand
imbalances at the current time and in the near future, and determination of whether one or more
VPPs can be utilized and dispatched to provide the required balancing services to maintain the
supply and demand balance at the current time and in the near future. A periodic execution
parameter 400 is established. The periodic execution parameter 400 is the time interval defining
how often the imbalance assessment and determination VPP dispatch schedule of Process 40 are

performed e.g., every 5 minutes. The current and near-future VER generation and load are
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forecasted and combined with conventional generation schedules 401. VER generation may be
forecasted by any method capable of effectively forecasting for the near future, but will
oftentimes resemble the process disclosed in step 301 wherein near-future whether data is
obtained from a weather service to forecast the productivity of solar and wind generation in the
near future. In some cases weather data may be more efficiently or accurately obtained 301 by
establishing sensors to measure the weather data, or cloud cover movement, in the vicinity of the
assets. This may be the case, for example, when attempting to accurately predict the magnitude
of wind at a wind generator asset in a near future timeframe. Wind detectors could be placed an
appropriate distance away such that any wind measured by the detector would arrive at the wind
generator assets location within the expected timeframe. This forecasted VER generation is
combined with the predictable generation of conventional generation methods. The imbalance
between the forecasted system load and forecasted system generation is computed for the near-
future 402 by any means known in the art based on forecasts. VPP dispatch requirements are
then determined 403 for balancing any system generation imbalance 402. The dispatch
requirements of a VPP may be based solely on the imbalance of forecasted generation and
forecasted load, or may also include the reserve requirements during the period of that
imbalance. For example, in some instances of an energy shortage, the VPP available capacity
may be large enough to correct the imbalance computed in step 402 and to provide for the power
system reserve requirements established by the North American Electric Reliability Corporation
(NERC). In these instances the VPP dispatch requirement, determined in step 403, could avoid
the necessity of relying on conventional generation that previously provided the required

spinning or non-spinning reserve.
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[0051] Signals may then be sent 404 to dispatch VPPs according to such calculated dispatch
requirements. In one embodiment of the invention, such dispatch signals are disaggregated 405
and sent 406 to the individual DR/DER assets. The particular assets to which these dispatch
signals are sent 406 will be based, in preferred embodiments, on the information obtained from
the VPP Capability Forecasting Process 30. However, in some instances determining the
dispatch requirements for balancing the system 404 may reveal that not all assets in a VPP are
necessary to achieve system balance. In these instances signals sent to dispatch VPPs 405 may
only include a portion of the assets that make up a VPP. All information, including asset
response data comprised event performance and/or device status information, among other
potential data, may be captured 407 in a database for further use or recall. Upon expiration 408
of an amount of time equal to the periodic execution parameter 400, Real-Time Balancing 40 is
re-executed. In a preferred embodiment, the periodic execution parameter 400 is defined as a
relatively short duration of time, in order to balance the benefits of obtaining a near-real-time
model of VPP characteristics against the disadvantage of increased process and calculation time,

typically 5 minutes.

Asset Modeling Parameter Tuning Process

[0052] FIG. 6 illustrates a particular embodiment of the Asset Modeling Parameter Tuning
Process 50, which is intended to refine and adjust asset modeling parameters to increase the
accuracy and efficiency of VPP modeling characteristics. The system monitors 500 each
individual asset’s performance while the asset is under dispatch, through receipt of data from
assets 408. An embodiment of the invention may compare an asset’s actual performance 501

against the performance forecasted from modeling of the same asset’s characteristics. The
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system then determines 502 whether the differences between actual performance and forecasted
performance exceed a pre-deﬁned tolerance value, which would then trigger the system to make
adjustments 503 to the asset’s modeling parameters. Such tolerance setting may be set by any
particular user of the system for any purpose or for any reason. If adjustments to a particular
asset’s modeling parameters are required 503, these adjustments are determined and incorporated
through re-running the Modeling Process 20 for this particular asset. If the differences between
actual performance and forecasted performance do not exceed the pre-defined tolerance value,
adjustments are considered unnecessary and no changes 504 are made to the asset’s modeling
parameters.

[0053] Some or all of the previously discussed embodiments may be performed utilizing a
computer or computer system. An example of such a computer or computer system is illustrated
in FIG. 7. Computer 600 contains Central Processing Unit 601. Central Processing Unit 601 may
perform some or all of the processes involved in the previously discussed embodiments. Central
Processing Unit 601 may utilize information contained in Memory 602, Database 603, or both.
Central Processing Unit 601 may also write information to Memory 602, Database 603, or both.
While in this FIG. 7 only one Computer 600 is shown, some embodiments may make use of
multiple computers or computer systems. In some embodiments some of these computers or
computer systems may not have dedicated memory or databases, and may utilize memory or

databases that are external to the computer or computer system.

[0054] The above examples and disclosure are intended to be illustrative and not exhaustive.
These examples and description will suggest many variations and alternatives to one of ordinary
skill in this art. All of these alternatives and variations are intended to be included within the

scope of the claims, where the term "comprising" means "including, but not limited to". Those
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familiar with the art may recognize other equivalents to the specific embodiments described
herein which equivalents are also intended to be encompassed by the claims. Further, the
particular features presented in the dependent claims can be combined with each other in other
manners within the scope of the invention such that the invention should be recognized as also
specifically directed to other embodiments having any other possible combination of the features
of the dependent claims. For instance, for purposes of written description, any dependent claim
which follows should be taken as alternatively written in a multiple dependent form from all

claims which possess all antecedents referenced in such dependent claim.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for utilizing load-consuming assets in a demand-response program by
aggregating said assets into virtual power plants (VPPs), comprising:

registering demand response (DR) or distributed energy resources (DER) asset
information;

identifying the asset’s classification, location, and other technical, operational,
or contractual parameters as specified;

assessing the asset’s classification, location, and other technical, operational, or
contractual parameter qualifications;

forecasting VPPs capacity for mitigating the impact of variable energy resources
(VER) by aggregating the operating capacity characteristics from all the individual
assets;

aggregating the enrolled assets, and map them into VPPs;

modeling the capacity of available DR and DER assets by adjusting the asset’s
nameplate capacity according to time-based parameters related to the asset’s operation
and energy-consumption patterns;

modeling the available ramp rate of DR and DER assets by considering each
asset’s response time models from all assets aggregated within a VPP;

modeling the effective durational use of available DR and DER assets by
adjusting the asset’s available capacity according to, as applicable, contractual limits of
the asset, the asset’s capacity, and the current operating state of the asset;

dispatching VPPs to minimize supply and demand imbalance due to VER, and

assessing asset actual performance against forecasted performance for
determination of necessity of asset modeling adjustments; and

wherein the resulting VPP is used to provide energy resources and reserve

capacities as part of a DR program.

2. The method of claim 1, wherein the assets comprise load-consuming devices

and distributed energy resources.

3. The method of claim 1, wherein some said assets are excluded from VPP
24
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consideration before said modeling if they do not meet pre-established qualifications.

4. The method of claim 3, wherein said exclusion of assets is based on technical
parameters.
5. The method of claim 3, wherein said exclusion of assets is based on operational
parameters.
6. The method of claim 3, wherein said exclusion of assets is based on contractual
parameters.
7. The method of claim 3, wherein said exclusion of assets is based on

communication or control capabilities.

8. The method of claim 3, wherein some said assets are excluded from VPP

consideration based on said assets” modeled potential VPP performance.

9. The method of claim 8, wherein assets’ potential performance as a VPP

component comprises the asset’s available capacity for curtailment.

10.  The method of claim 8, wherein assets’ potential performance as a VPP

component comprises the asset’s response time to curtailment demands.

11.  The method of claim 8, wherein assets’ potential performance as a VPP

component comprises the asset’s sustained operation capability.

12.  The method of claim 8, wherein said modeling the asset’s potential performance
as a VPP component is updated to forecast precise VPP resource capability on a near-

term basis.

13. The method of claim 12, wherein said updating comprises accounting for

weather data at assets’ locations.
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14.  The method of claim 12, wherein said updating comprises accounting for time-

based parameters related to the asset’s energy-consumption patterns.

15. The method of claim 14, wherein said time-based parameters comprise the

asset’s operating set-point.

16.  The method of claim 13, wherein said updating comprises accounting for the

asset’s contractual parameters.

17. The method of claim 1, wherein the asset is excluded from near-term VPP
consideration if the asset’s updated potential performance does not meet pre-cstablished

qualifications.

18.  The method of claim 17, wherein a real-time balancing process is used to
determine the forecasted, near-term VPP resources necessary to balance near-term

supply-and-demand imbalances in an electric-power market.
19.  The method of claim 18, wherein a real-time balancing process is used to
determine the VPP resources necessary to balance near-term supply-and-demand

imbalances in the electric-power market.

20. The method of claim 19, wherein resources from all a VPP’s assets are utilized

to balance said near-term supply-and-demand imbalances.

21. The method of claim 19, wherein resources from some, but not all, a VPP’s

assets are utilized to balance said near-term supply-and-demand imbalances.

22.  The method of claim 21 wherein VPP’s available resource capacity is

designated as flexible reserve.

23.  The method of claim 22 wherein said designation is part of a market transaction.

24.  The method of claim 22, wherein a VPP is deployed to mitigate the need for
26
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generation.

25. The method of claim 1 wherein VPP resource capability is a product exchanged

as part of a market transaction.

26.  The method of claim 1, further including the step of adjusting asset modeling

parameters to increase the accuracy and efficiency of VPP modeling characteristics.

27. A system for utilizing load-consuming assets in a demand-response program by
aggregating said assets into virtual power plants (VPPs), comprising:
a computer having a memory and a computer program running in the memory,
the computer program configured to:
register demand response (DR) or distributed energy resources (DER)
asset information;
identify the asset’s classification, location, and other technical,
operational, or contractual parameters as specified;
assess the asset’s qualifications, location, and other technical,
operational, or contractual parameter qualifications;
forecast VPPs capacity for mitigating the impact of variable energy
resources (VER) by aggregating the operating capacity characteristics from all
the individual assets;
aggregate the enrolled assets, and map them into VPPs;
model the capacity of available DR and DER assets by adjusting the
asset’s nameplate capacity according to time-based parameters related to the
asset’s operation and energy-consumption patterns;
model the ramping of available DR and DER assets by considering each
asset’s response time models from all assets aggregated within a VPP,
model the effective durational use of available DR and DER assets by
adjusting the asset’s available capacity according to, as applicable, contractual
limits of the asset, the asset’s capacity, and the current operating state of the
asset;
dispatch VPPs to minimize supply and demand imbalance due to VER;

and
27
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assess asset actual performance against forecasted performance for
determination of necessity of asset modeling adjustments;
wherein the resulting VPP is used to provide energy resources and

reserve capacities as part of a DR program.
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