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DESCRIPTION

Description

FIELD

[0001] The present disclosure relates in general to power generating systems, and more
particularly to systems and methods for controlling power generating systems having power
generating subsystems.

BACKGROUND

[0002] Renewable power is considered one of the cleanest, most environmentally friendly
energy sources presently available, and power generating facilities which include renewable
power assets have gained increased attention in this regard. One example of such a
renewable power asset is a wind turbine. Modern wind power generation systems typically take
the form of a wind farm having multiple such wind turbine generators that are operable to
supply power to a transmission system providing power to an electrical grid.

[0003] In modern renewable power applications, multiple power generating subsystems, such
as multiple wind farms, may be coupled together at a point of interconnection (POI), such as a
POI for an electrical grid. As interest in renewable power has increased, the number of power
generating subsystems regulated at the single POl has increased. As a result, interactions
between the multiple power generating subsystems has increased such that the output of one
power generating subsystem may affect the other power generating subsystems coupled to
the same POI. Accordingly, efficient regulation of each of the power generating subsystems
may require accurate and timely collection of data concerning electrical parameters at the POI.

[0004] One approach for regulating the power generating subsystems may be to obtain direct
measurement of the electrical parameters at the POI. However, in many instances, the POl is a
component of the electrical grid, therefore, installation of sensors by the power generating
subsystem operators may not be permitted. Accordingly, information concerning the electrical
parameters of the POl may be provided by the POI operator, with the power generating
subsystem operators having little to no control over the fidelity of the information received from
the POI operator.

[0005] Accordingly, the information received from POI operator may be of a lower fidelity than
would otherwise be desirable for the efficient regulation of each power generating subsystem.
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As such, it is desirable to facilitate the efficient regulation of each power generating subsystem
despite utilizing the low-fidelity information regarding the electrical parameters at the POI.

[0006] An additional approach for managing the effect of one power generating subsystem on
the remaining power generating subsystems coupled to the POI may be through the
establishment of communicative links between the power generating subsystems. In such a
configuration, each of the power generating subsystems may communicate information
concerning the electrical parameters at the power generating subsystem to other connected
power generating subsystems. These inputs may then be combined to determine the electrical
parameters at the POl. However, such communicative links increase may result in increased
costs, require significant coordination between power generating subsystem owners, and may
reduce the security of each generating subsystems.

[0007] Accordingly, it is desirable to facilitate the efficient regulation of each of the power
generating subsystems without requiring the sharing of electrical parameter information
between the power generating subsystems.

[0008] Thus, the art is continuously seeking new and improved systems and methods that
address the aforementioned issues. As such, the present disclosure is directed to systems and
methods for controlling a power generating system based on electrical parameter information
at the POI.

[0009] Here are identified patent documents: EP 3930136 A1 is an Article 54(3) EPC
document. Document US 2010/195357 A1 describes a method and apparatus for determining
a corrected monitoring voltage. The method comprises generating power at a first location;
monitoring the generated power by measuring a first voltage proximate the first location;
measuring a second voltage proximate a second location, the first and the second locations
electrically coupled; and determining, based on the measured second voltage, a corrected
monitoring voltage to compensate the measured first voltage for a distance between the first
and the second locations. Particularly, said document discloses a correlation between two
measured values other than by means of filtering value difference between first and second
data signal.

Document US 2019/010925 A1 describes wind farm power control system including a wind
farm controller configured to monitor a power characteristic at a high-side of a generator step-
up (GSU) transformer. The high-side of the GSU transformer is coupled to a point-of-
interconnect (POI) that provides power from the wind farm to a power grid. The system also
includes an automatic voltage regulator (AVR) configured to monitor a voltage of a power bus
associated with a low-side of the GSU transformer, the power bus being provided power from a
plurality of feeder groups. Each of the plurality of feeder groups includes a plurality of wind
turbines. The AVR can be further configured to regulate the power characteristic at the high-
side of the GSU transformer to within a predetermined range of amplitudes based on the
voltage of the power bus.

BRIEF DESCRIPTION
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[0010] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of the
invention.

[0011] In one aspect, the present disclosure is directed to a method for controlling a power
generating system that includes a power generating subsystem connected to a point of
interconnection (POI). The method includes receiving at a subsystem controller of the power
generating subsystem, a first data signal corresponding to a feedback signal of an electrical
parameter regulated at the POI, the feedback signal having a first signal fidelity. The method
also receives a second data signal indicative of the electrical parameter generated at the
power generating subsystem, the second data signal having a second signal fidelity that is
higher than the first signal fidelity. With the subsystem controller, the method includes
generating a correlation value between the first and second data signals by filtering a value
difference between the first and second data signals. Then, with the subsystem controller, the
correlation value is applied to a setpoint value for the electrical parameter regulated at the POI
to generate a modified setpoint value. With the subsystem controller, the method includes
using the modified setpoint value and the second data signal and applying a voltage droop
logic based on a self-detected local reactive power value corresponding to a reactive power
supplied by the power generating subsystem to generate a setpoint command comprising a
reactive power command for the power generating subsystem and controlling generation of
power at the power generating subsystem using the setpoint command to regulate the
electrical parameter at the POI.

[0012] In a particular embodiment, the filtering step includes applying a lag filter to the value
difference between the first and second data signals.

[0013] In may be desirable in certain embodiments to apply a long term droop value to the
value difference between the first and second data signals for providing a response in a
timeframe above 30 seconds to a voltage disturbance on a grid coupled to the POI.

[0014] In still other embodiments, it may be desired to apply a short term droop value to the
modified setpoint value for governing a response in the timeframe from 1-30 seconds to a
voltage disturbance on a grid coupled to the POI.

[0015] In some embodiments, the method may include applying a long term droop value to the
value difference between the first and second data signals and a short term droop value to the
modified setpoint value.

[0016] The power generating system may be variously configured. For example, in on
embodiment, the system may include a plurality of the power generating subsystems each
having a corresponding subsystem controller, wherein the first data signal and the setpoint
value are common to each of the subsystem controllers for carrying out the method.
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[0017] In certain embodiments, the power generating subsystems are not communicatively
coupled with regards to the second data signal obtained by each of the subsystem controllers
such that the second data signal from a respective one of the power generating subsystems is
unknown to the other power generating subsystems.

[0018] In one embodiment of the power generating system, the power generating subsystems
are individual wind farms connected at the POl and the subsystem controllers are individual
wind farm controllers. In this embodiment, the first data signal and the setpoint value for the
parameter regulated aet the POl are obtained from a utility provider of an electrical grid
connected to the POI.

[0019] In still another embodiment of the power generating system, the power generating
subsystems are individual wind turbines within a wind farm and the subsystem controllers are
individual wind turbine controllers. In this embodiment, the first data signal and setpoint value
for the parameter regulated at the POI are obtained from a wind farm controller for the wind
farm.

[0020] The first and second data signal fidelities may include a measure of at least one of a
refresh rate, a sensor accuracy, a sensor resolution, or a communication delay.

[0021] The electrical parameter that is regulated at the POl may include at least one of
voltage, current, power, or frequency.

[0022] The present disclosure also encompasses various embodiments of a system for
controlling a power generating system, wherein the system includes a power generating
subsystem connected to a point of interconnection (POI). The power generating subsystem
includes a subsystem controller having at least one processor configured to perform a plurality
of operations, including: receive a first data signal corresponding to a feedback signal of an
electrical parameter regulated at the POI, the first data signal having a first signal fidelity;
receive a second data signal indicative of the electrical parameter generated at the power
generating subsystem, the second data signal having a second signal fidelity that is higher
than the first signal fidelity; generate a correlation value between the first and second data
signals by filtering a value difference between the first and second data signals; generate a
modified setpoint value by applying the correlation value to a setpoint value for the electrical
parameter regulated at the POI; use the modified setpoint value and apply a voltage droop
logic based on a self-detected local reactive power value corresponding to a reactive power
supplied by the power generating subsystem to generate a setpoint command comprising a
reactive power command for the power generating subsystem; and control power generation
at the power generating subsystem using the setpoint command to regulate the electrical
parameter at the POI.

[0023] In a particular embodiment of the system, generation of the correlation value includes
applying a lag filter to the value difference between the first and second data signals.
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[0024] In certain of the system embodiments, the subsystem controller is further configured to
apply one or both of a long term droop value to the value difference between the first and
second data signals and a short term droop value to the modified setpoint value.

[0025] In some embodiments, the system may include a plurality of the power generating
subsystems each having a corresponding subsystem controller, wherein the first data signal
and the parameter setpoint value are common and used by each of the subsystem controllers
to perform the plurality of operations.

[0026] The system may be configured such that the plurality of power generating subsystems
are not communicatively coupled with regards to the second data signal obtained by each of
the subsystem controllers. In this configuration, the second data signal from a first one of the
power generating subsystems is unknown to a second one of the power generating
subsystems.

[0027] In a particular embodiment, the power generating subsystems include individual wind
farms connected at the POl and the subsystem controllers are wind farm controllers. The first
data signal and the setpoint value for the parameter regulated at the POI are obtained from a
utility provider of an electrical grid connected to the POI.

[0028] In an alternative embodiment, the power generating subsystems are individual wind
turbines within a wind farm and the subsystem controllers include individual wind turbine
controllers, and wherein the first data signal and the setpoint value for the parameter regulated
at the POl are obtained from a wind farm controller for the wind farm.

[0029] In still other embodiments, the power generating subsystems may be one or a
combination of solar power plants, hydroelectric plants, or hybrid power generation facilities,
and wherein the first data signal is obtained from an electrical grid.

[0030] These and other features, aspects and advantages of the present invention will become
better understood with reference to the following description and appended claims. The
accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with the description, serve to explain the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] A full and enabling disclosure of the present invention, including the best mode thereof,
directed to one of ordinary skill in the art, is set forth in the specification, which makes
reference to the appended figures, in which:

FIG. 1 illustrates a schematic diagram of a power generating system according to the present
disclosure;
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FIG. 2 illustrates a schematic diagram of a wind farm having a plurality of wind turbines
according to the present disclosure;

FIG. 3 illustrates a schematic diagram of one embodiment of a controller for use with the
power generating system according to the present disclosure;

FIG. 4 illustrates a schematic diagram of one embodiment of control logic of a system for
controlling a power generating system according to the present disclosure;

FIG. 5 illustrates a schematic diagram of an embodiment the method and system of FIG. 4
configured for a wind farm; and

FIG. 6 illustrates a schematic diagram of an alternate embodiment of a method and system
configured for a wind farm.

[0032] Repeat use of reference characters in the present specification and drawings is
intended to represent the same or analogous features or elements of the present invention.

DETAILED DESCRIPTION

[0033] Reference now will be made in detail to embodiments,not necessarily claimed, one or
more examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. The invention is defined by the
features of the independent claims 1 and 12. Preferred embodiments are defined in the
dependent claims.

[0034] As used herein, the terms "first”, "second"”, and "third" may be used interchangeably to
distinguish one component from another and are not intended to signify location or importance
of the individual components.

[0035] The term "coupled” and the like refer to both direct coupling, fixing, or attaching, as well
as indirect coupling, fixing, or attaching through one or more intermediate components or
features, unless otherwise specified herein.

[0036] Approximating language, as used herein throughout the specification and claims, is
applied to modify any quantitative representation that could permissibly vary without resulting
in a change in the basic function to which it is related. Accordingly, a value modified by a term
or terms, such as "about", "approximately”, and "substantially”, are not to be limited to the
precise value specified. In at least some instances, the approximating language may
correspond to the precision of an instrument for measuring the value, or the precision of the
methods or machines for constructing or manufacturing the components and/or systems. For
example, the approximating language may refer to being within a 10 percent margin.
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[0037] Generally, the present disclosure is directed to systems and methods for controlling a
power generating system having a plurality of power generating subsystems connected to an
electrical grid at a point of interconnection (POI). In particular, the present disclosure may
include a system and method which may facilitate the efficient operation of the power
generating subsystems utilizing a low-fidelity electrical parameter signal from the POl as a
baseline underpinning the control operations. In certain embodiments, the signal is a feedback
signal of an electrical parameter regulated at the POI. Accordingly, the systems and methods
presented herein may utilize high-fidelity electrical parameter signals obtained from the power
generating subsystems to overcome the undesirable fidelity of the low-fidelity electrical
parameter signal. Specifically, the systems and methods may utilize the high-fidelity signal and
the low-fidelity signal to model a signal from the POI having sufficient fidelity. The modeled
signal may be used to control each of the power generating subsystems, which in turn regulate
the electrical parameter at the POI. As such, the low-fidelity signal broadcast from the electrical
grid may serve as baseline facilitating the asynchronous control of a number of power
generating subsystems without requiring communication or coordination between the power
generating subsystems.

[0038] Referring now to the drawings, FIG. 1 illustrates a schematic diagram of one
embodiment a power generating system 100 according to the present disclosure. As depicted
in FIG. 1, in an embodiment, the power generating system 100 may include at least one power
generating subsystem 120 connected to a POl 122 via a communication link 124. For example,
in the illustrated embodiment, the power generating system 100 includes a plurality of the
power generating subsystems 120 connected to the POl 122. Further, in such embodiments,
the POl 122 may be the point at which the power generating subsystems 120 are electrically
coupled to an electrical grid 126.

[0039] Referring now to FIG. 2, in an embodiment, the power generating subsystem(s) 120
may be configured as a power generating facility 128, such as a wind farm. However, in
additional embodiments, the power generating facility 128 may be any other suitable power
generating facility, such as a hydro-electric plant, a solar power plant, an energy storage plant,
a fossil fuel generator site, and/or a combination thereof, such as a hybrid power generation
facility. In an embodiment, as shown, the power generating facility 128 may include a plurality
of the power generating assets 130 as described herein, such as a plurality of wind turbines
132. It should be appreciated that the power generating facilities 128 may be coupled to the
POI 122 via communication links 124.

[0040] As depicted in FIGS. 2 and 3, in an embodiment, the power generating subsystem(s)
120 may be configured as the power generating asset 130. For example, the power generating
asset 130 as described herein may be configured as a wind turbine 132, solar panels,
hydroelectric facilities, tidal generators, waive generators, and/or fossil fuel generators. In such
an embodiment, the power generating asset(s) 130 may be coupled to the POl 122 of the
power generating facility 128 via communication links 124 and ultimately to the electrical grid
126.
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[0041] The power generating subsystem(s) 120 may also include a subsystem controller 200.
For example, as shown in FIG. 2, when configured as a wind turbine 132, the subsystem
controller 200 may be centralized within the nacelle of the wind turbine. However, in other
embodiments, the subsystem controller 200 may be located within any other component of the
power generating subsystem(s) 120 or at a location outside the power generating
subsystem(s) 120. Further, the subsystem controller 200 may be communicatively coupled to
any number of the components of the power generating subsystem(s) 120 in order to control
the components. As such, the subsystem controller 200 may include a computer or other
suitable processing unit. Thus, in several embodiments, the subsystem controller 200 may
include suitable computer-readable instructions that, when implemented, configure the
subsystem controller 200 to perform various different functions, such as receiving, transmitting
and/or executing setpoint commands.

[0042] Still referring to FIG. 2, one or more sensors 134 may be provided on the power
generating subsystem(s) 120 to monitor the performance of the power generating
subsystem(s) 120. It should also be appreciated that, as used herein, the term "monitor" and
variations thereof indicates that the various sensors of the power generating subsystem(s) 120
may be configured to provide a direct measurement of the parameters being monitored or an
indirect measurement of such parameters. Thus, the sensors described herein may, for
example, be used to generate data signals indicative of an electrical parameter at the power
generating subsystem(s) 120.

[0043] In an embodiment, the sensor(s) 134 may be configured as an operating condition
sensor. For example, the sensor(s) 134 may be configured to monitor electrical parameters of
the output of the power generating subsystem(s) 120. As such, the sensor(s) 134 may be a
current sensor, voltage sensor, temperature sensors, power sensor, and/or frequency meter
that monitors the electrical output of the power generating subsystem(s) 120. For example, the
sensor(s) 134 may be configured to generate the data signals indicative of an electrical
parameter relating to voltage, current, power, and/or frequency developed by the power
generating subsystem(s) 120.

[0044] Referring now to FIGS. 1-4, depictions of multiple embodiments of a system 300 for
controlling the power generating system 100 according to the present disclosure are
presented. As shown particularly in FIG. 3, a schematic diagram of one embodiment of suitable
components that may be included within the subsystem controller 200 is illustrated. For
example, as shown, the subsystem controller 200 may include one or more processor(s) 206
and associated memory device(s) 208 configured to perform a variety of computer-
implemented functions (e.g., performing the methods, steps, calculations and the like and
storing relevant data as disclosed herein). Additionally, the subsystem controller 200 may also
include a communications module 210 to facilitate communications between the subsystem
controller 200 and the various components of the power generating subsystem(s) 120 and the
POI 122. Further, the communications module 210 may include a sensor interface 212 (e.g.,
one or more analog-to-digital converters) to permit signals transmitted from the sensor(s) 134
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to be converted into signals that can be understood and processed by the processors 206. It
should be appreciated that the sensor(s) 134 may be communicatively coupled to the
communications module 210 using any suitable means. For example, the sensor(s) 134 may
be coupled to the sensor interface 212 via a wired connection. However, in other
embodiments, the sensor(s) 134 may be coupled to the sensor interface 212 via a wireless
connection, such as by using any suitable wireless communications protocol known in the art.
Additionally, the communications module 210 may also be operably coupled to an operating
state control module 214 configured to change at least one power generating asset operating
state in response to the generation of a set point.

[0045] As used herein, the term "processor" refers not only to integrated circuits referred to in
the art as being included in a computer, but also refers to a controller, a microcontroller, a
microcomputer, a programmable logic controller (PLC), an application specific integrated
circuit, and other programmable circuits. Additionally, the memory device(s) 208 may generally
comprise memory element(s) including, but not limited to, computer readable medium (e.g.,
random access memory (RAM)), computer readable non-volatiie medium (e.g.,, a flash
memory), a floppy disk, a compact disc-read only memory (CD-ROM), a magneto-optical disk
(MOD), a digital versatile disc (DVD) and/or other suitable memory elements. Such memory
device(s) 208 may generally be configured to store suitable computer-readable instructions
that, when implemented by the processor(s) 206, configure the subsystem controller 200 to
perform various functions. The various functions may include, but are not limited to, obtaining
data signals indicative of an electrical parameter at the POl 122 and the power generating
subsystem(s) 120, generating a modeled value for the electrical parameter and generating a
setpoint command based on the modeled value, as described herein, as well as various other
suitable computer-implemented functions. In an embodiment the generation of the modeled
value may be accomplished via a feedback fidelity improvement module 216 of the subsystem
controller 200.

[0046] Referring still to FIGS. 1-4 and particularly to FIG. 4, in an embodiment, the subsystem
controller 200 of the system 300 may be configured to obtain a first data signal 302 indicative
of an electrical parameter at the POl 122. In an embodiment, wherein the power generating
subsystem(s) 120 is configured as a power generating facility 128, such as a wind farm, a solar
plant, a hydroelectric plant, or a hybrid power generation facility, the first data signal 302 may
be received from the electrical grid 126. The first data signal 302 may correspond to a
feedback signal related to an electrical parameter that is regulated at the grid 126, wherein a
utility provider that operates the electrical grid may also supply a setpoint value for the
electrical parameter. However, in an additional embodiment, wherein the power generating
subsystem(s) 120 is configured as a power generating asset 130 rather than a power
generating facility 128, the first data signal 302 may be received from the power generating
facility 128 rather than the electrical grid 126. For example, in an embodiment, wherein the
power generating subsystem(s) 120 is configured as a wind turbine 132, the first data signal
302 may be received from the wind farm (via the wind farm controller) of which the wind
turbine 132 is a component thereof.



DK/EP 4131703 T3

[0047] In an embodiment, the first data signal 302 may be a value for the electrical parameter
measured at the POI 122 and may indicate the voltage, current, power, and/or frequency
present at the POI 122. Accordingly, the first data signal 302 may reflect the combined effect of
all of operating the power generating subsystems 120 electrically coupled to the POI 122 at a
given time. For example, in an embodiment, the first data signal 302 may reflect the net
voltage delivered to the POl 122 by each of the power generating subsystems 120 coupled
thereto.

[0048] In an embodiment, the first data signal 302 may have a first signal fidelity. The first
signal fidelity may be a measure of a refresh rate, a sensor accuracy, sensor resolution, and/or
a communication delay. For example, the first data signal 302 may be transmitted by the POI
122 at a refresh rate exceeding 10 seconds. Accordingly, the subsystem controller 200 may
receive an update reflecting the electrical parameter at the POl 122 once every 14 seconds,
for example. In an embodiment, this may be considered to be a low-fidelity signal. It should be
appreciated that a difference between the real-time electrical parameter values at the POI 122
and the latest reported electrical parameter values may develop and increase as the time
elapsed since the last update from the POI 122 increases. In turn, this may result in the power
generating subsystem(s) 120 operating at a point of lower efficiency than would be otherwise
obtainable with a higher fidelity signal from the POl 122 (e.g. a signal refreshed at a
significantly greater frequency). It should further be appreciated that the POl 122 and the
power generating subsystem(s) 120 may be owned by different entities. As such, the power
generating subsystem(s) 120 may have limited ability to affect the first signal fidelity in order to
improve the operating efficiency of the power generating subsystem(s) 120.

[0049] Referring still in particular to FIG. 4, in an embodiment, the subsystem controller 200 of
the system 300 may be configured to obtain a second data signal 304 indicative of the
electrical parameter at the power generating subsystem(s) 120. The electrical parameter
indicated by the second data signal 304 may be the same electrical parameter (e.g. voltage,
current, power, and/or frequency) indicated by the first data signal 302, but with the value of
the second data signal 304 reflecting the output of the power generating subsystem 120. It
should therefore be appreciated that, the value of the second data signal 304 may be some
portion of the value of the first data signal 302 for the same electrical parameter.

[0050] In an embodiment, the second data signal 304 may be received from the sensor(s) 134
and/or any other suitable component of the power generating subsystem(s) 120. Accordingly,
the second data signal may have a second signal fidelity which is higher than the first signal
fidelity. For example, in an embodiment, the sensor(s) 134 may generate the second data
signal 304 at a refresh rate exceeding twice per second (e.g., a refresh rate of once every 40
milliseconds (ms)). As such, the subsystem controller 200 may receive the second data signal
304 indicating the output of the power generating subsystem 120 essentially continuously. It
should be appreciated that due to the higher fidelity of the second data signal 304 the
subsystem controller 200 may have a significantly more accurate understanding of the value of
electrical parameter at the power generating subsystem 120 than at the POl 122 until such
time as an updated first data signal is received by the subsystem controller 200. Therefore,
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while the subsystem controller 200 may have an accurate understanding of the
performance/efficiency of the power generating subsystem 120, the subsystem controller 200,
based solely on the first and second data signals 302, 304, may not have an accurate
awareness of whether the power generating subsystem 120 is operating efficiently with respect
to satisfying the requirements of the POl 122.

[0051] In order to utilize the first and second data signals 302, 304 to determine an efficient
operating state for the power generating subsystem(s) 120, the subsystem controller 200 may,
in an embodiment, be configured, at 306, to generate a first modeled value 308 for the
electrical parameter at the POl 122. In an embodiment, the subsystem controller 200 may
utilize the higher-fidelity second data signal 304 to compensate for the lower-fidelity first data
signal 302 to generate the first modeled value 308. In other words, because the first data
signal 302 may lack sufficient fidelity to support the efficient operation of the power generating
subsystem(s) 120, the first modeled value 308 may simulate a value of the first data signal 302
which would be anticipated if the first data signal 302 was of a higher fidelity. This simulated
value may then be utilized by the subsystem controller 200 control the power generating
subsystem(s) 120.

[0052] In an embodiment, wherein the first signal fidelity is, for example, limited by the refresh
rate of the first data signal 302 transmitted by the POI 122, the first data signal 302 accurately
reflects the electrical parameter at the POl 122 only at the instant of transmission, with the
accuracy of the reflection potentially decreasing until the next first data signal value is
transmitted by the POl 122. Therefore, the higher-fidelity second data signal 304 may be
employed to model/predict what the value of the first data signal 302 would have been in the
interval between refreshes of the first data signal 302. For example, in an embodiment wherein
the first data signal 302 has a refresh rate of 15 seconds and the second data signal 304 has a
refresh rate of 50 ms, the first modeled value 308 may be computed in 50 ms intervals until a
refreshed first data signal 302 is received after 15 seconds. In other words, because the
second data signal 304 may be employed to improve the fidelity of the first data signal 302 in
the periods between refreshes, the first data signal 302 may serve as a baseline for the system
300. It should be appreciated that while the preceding explanation was directed to fidelities
correlating to the respective refresh rates, the concepts described herein apply equally to
fidelities related to other modalities, such as sensor accuracy, sensor resolution, and/or
communication delays.

[0053] Referring still in particular to FIG. 4, in an embodiment, the subsystem controller 200
may, at 310, generate a set point command for the power generating subsystem(s) 120 based,
at least in part, on the first modeled value 308 for the electrical parameter. In response to the
setpoint command, the power generating subsystem(s) 120 may, at 312, generate a quantity
of power which may be measured by the sensor(s) 134 and/or a component of the power
generating subsystem(s) 120.

[0054] As further depicted at 314 of FIG. 4, the subsystem controller 200 of the system 300
may, be configured to generate the first modeled value 308 by first determining a difference
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between the value of the first data signal 302 and the value of the second data signal 304. As
the value of the first data signal 302 may reflect the net effects of each of the power generating
subsystems 120 coupled to the POI 122, while the value of the second data signal reflects the
power generation of a single power generating subsystem 120, in an embodiment, the value of
the first data signal 302 may be greater than the value of the second data signal 304.

[0055] In an embodiment, as depicted at 316, the subsystem controller 200 may filter the
difference between the first data signal 302 and the second data signal 304 to generate a
correlation value 318. For example, in an embodiment, filtering the difference between the first
data signal 302 and the second data signal 304, as determined at step 314, may include
applying a lag filter to the difference. In an embodiment, filtering the difference between the
first data signal 302 and the second data signal 304, as determined at step 314, may include
applying a static (e.g., fixed time constant) lag filter, a dynamic (e.g., changing time constant)
lag filter, an exponential filter, a bandpass filter, a low pass filter, a high pass filter, and/or a
Kalman filter to the difference. In an embodiment, the subsystem controller 200 may, at 320,
add the correlation value 318 to the second data signal 304 to establish the first modeled value
308 for the electrical parameter. The first modeled value 308 may simulate a value of the first
data signal 302 having a higher fidelity.

[0056] Referring still to FIGS. 1-4, in an embodiment, the system 300 may include a plurality of
power generating subsystems 120 coupled to the POl 122. For example, the system 300 may,
in an embodiment, include a first power generating subsystem 136 and a second power
generating subsystem 138. Each of the first and second power generating subsystems 136,
138 may include a subsystem controller 200. In such an embodiment, the first power
generating subsystem 136 may utilize the steps described herein to generate a setpoint
command based off the first modeled value 308. Additionally, the subsystem controller 200 of
the second power generating subsystem 138 may be configured to obtain the same first data
signal 302. However, the subsystem controller 200 of the second power generating subsystem
138 may also be configured to obtain a third data signal 322 indicative of the electrical
parameter at the second power generating subsystem 138. The third data signal 322 may
have a third signal fidelity that is higher than the first signal fidelity. In the same manner as the
subsystem controller 200 for the first power generating subsystem 136, the subsystem
controller 200 of the second power generating subsystem 138 may, at 324, generate a second
modeled value 326 utilizing the steps described herein. The subsystem controller 200 for the
second power generating subsystem 138 may, at 328, generate a setpoint command for the
second power generating mode 138 based, at least in part, on the second modeled value 326
for the electrical parameter, thereby facilitating, at 330, power generation by the second power
generating subsystem 138.

[0057] As further depicted in FIG. 4, in an embodiment, the first and second power generating
subsystems 136,138 may not be communicatively coupled with regards to the second and third
data signals 304, 332. Accordingly, the third data signal 322 may be unknown to the first power
generating subsystem 136 and the second data signal 304 may be unknown to the second
power generating subsystem 138. In other words, while both the first and second power
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generating subsystems 136, 138 may receive the same broadcast of the first data signal 302,
the first and second power generating subsystems 136, 138 may not communicate with each
other the respective outputs of the sensors 134. Instead of requiring a communication link, the
system 300 facilitates asynchronous control of the plurality of generating subsystems 120 by
requiring each of the generating subsystems 120 to generate the respective setpoint
commands based off of the respective modeled values, which are, in turn, baselined off of the
broadcasted first data signal 302. By utilizing the first data signal 302 as a common feedback
source under pending the respective modeled values for the control of the interconnected
generating subsystems 120, high-speed, accurate, and coordinated control may be
established between the plurality of generating subsystems 120 without requiring the sharing
of information or commands between the generating subsystems 120. For example, in an
embodiment wherein the plurality of generating subsystems 120 are configured as at least two
windfarms, the system 300 does not require a communication link between the windfarms. It
should be appreciated that the absence of a communication link between the windfarms may
reduce/eliminate costs and/or complexities inherent in coordinating between the windfarms
dispersed at a distance one another and/or operated by different entities. It should further be
appreciated that the absence of a communication link between wind turbines of a wind farm
may reduce/eliminate costs, complexities, and/or bandwidth requirements for a communication
infrastructure of the wind farm.

[0058] It should further be appreciated that in an embodiment wherein the plurality of power
generating subsystems 120 are communicatively decoupled from one another with regards to
the data signals received from the respective sensors 134, the plurality of generating
subsystems 120 may be communicatively coupled with regards to other aspects of power
generation operations. For example, the plurality of generating subsystems 120 may be part of
a distributed sensor network wherein readings from distributed environmental sensors are
shared amongst the participants while still retaining separation with regards to the respective
data signals.

[0059] In an embodiment wherein the plurality of power generating subsystems 120 are
communicatively decoupled from one another with regards to the data signals received from
the respective sensors 134, the plurality of power generating subsystems 120 may perform a
droop-based control strategy when regulating the second modeled value. In an embodiment, a
droop-based control strategy may include simulating the drooping characteristics of a
traditional generator set. For example, in an embodiment wherein multiple communication line-
free power generating subsystems 120 are connected in parallel, each power generating
subsystem 120 may self-detect its own output electrical parameter. The output electrical
parameter may then be adjusted relative to a reference output voltage amplitude and the
frequency obtained by carrying out droop control. By employing a droop-based control strategy
each power generating subsystem 120 may be able to adjust the electrical parameter, output
active power and reactive power, automatically, and participate in the regulation of grid voltage
and frequency.

[0060] Referring back to FIG. 1, in an embodiment, the communicative decoupling between
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the plurality of generating subsystems 120 may be considered to be a communication airgap
140. In an embodiment, the establishment of the communication airgap 140 between the first
and second power generating subsystems 136, 138 may enhance a cybersecurity posture of
the respective power generating subsystems 120 relative to communicatively coupled power
generating subsystems. The cybersecurity posture of the power generating subsystems 120
may indicate the relative vulnerability of the power generating subsystems to a cyber-attack.
Accordingly, reducing, or eliminating, communication access points to the power generating
subsystem(s) 120 may reduce a number of possible avenues for intrusion and thereby
increase the cybersecurity posture of the power generating subsystem(s) 120.

[0061] Referring back to FIG. 4, in an embodiment, the subsystem controller 200 of the system
300 may be configured, at 332, to compare the first data signal 302 to at least one data validity
parameter. For example, in an embodiment, the data validity parameter may include a range
of acceptable values of the first data signal, a required refresh interval, a required signal
quality, and/or any other combination of parameters selected to indicate a validity state of the
first data signal 302. In an embodiment wherein the comparison, at 334, indicates that the first
data signal 302 is invalid, the subsystem controller 200 may, at 336, disregard the first data
signal 302. In such an embodiment, the subsystem controller 200 may be configured to
generate the modeled value using the last known valid first data signal 302. In an additional
embodiment, the subsystem controller 200 may be configured to utilize a default first data
signal 302 until such time as a valid first data signal 302 may be received.

[0062] FIG. 5 is a schematic diagram of a method of operation of the power generating system
300 of FIG. 5 configured for coordinated voltage regulation at the POl by multiple wind farms
via reactive power (Q) control/response at the individual wind farms, wherein each of the wind
farms functions as a power generating subsystem 136, 138 and includes a wind farm controller
functioning as the subsystem controller 200.

[0063] Referring to FIG. 5, the first data signal 302 corresponds to the voltage measured at
the POI from the combined output of all of the wind farms. As discussed above, the first data
signal 302 may correspond to a feedback signal related to an electrical parameter that is
regulated at the grid 126, wherein a utility provider that operates the electrical grid may also
supply a setpoint value 402 for the electrical parameter. The POI may also be considered as
the point of connection with the electrical grid. The second data signal 304 corresponds to the
output voltage of the individual wind farm functioning as the first power generating subsystem
136. Thus, the second data signal 304 corresponds to the individual contribution of the wind
farm to the first data signal 302. At step 305, a difference value between the first 302 and
second 304 data signals is generated.

[0064] At step 314 in FIG. 5, the difference value obtained at step 305 is filtered to obtain the
correlation value voltage 318. The filtering process may include application of a lag filter. The
correlation value voltage 318 is used at step 320 to modify the second data signal 304 to
generate the first modeled value voltage 318.
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[0065] At step 315 in FIG. 5, a voltage droop logic is applied based on the self-detected local
reactive power value 325, which corresponds to reactive power (Q) supplied by the wind farm
(first power generating subsystem 136). The voltage droop is applied at step 317 to modify the
setpoint voltage 402 of the parameter regulated at the POI. The setpoint voltage 402 is
typically established by the utility provider. At step 319, the modified setpoint voltage is
adjusted by the first modeled value voltage 308 obtained in step 320 to generate an error
signal 400 (Vgrror). This error signal 400 is used at step 310 to generate the reactive power

command (Qcmg) 407 that is transmitted to the individual wind turbines within the wind farm

and used by the individual wind turbine controllers for reactive power control and response and
control at the wind turbine level.

[0066] FIG. 6 is a schematic diagram of an alternate method of operation of the power
generating system 300 that may also be employed for voltage regulation at the POI via
coordination of reactive power (Q) control and response at multiple wind farms. As in FIG. 5,
the individual wind farm controllers function as the subsystem controller 200 and the multiple
wind farms function as the different power generating subsystems 136, 138.

[0067] Referring to FIG. 6, the first data signal 302 corresponds to the voltage at the POI from
the combined output of all of the wind farms. As discussed above, the first data signal 302 may
correspond to a feedback signal related to an electrical parameter that is regulated at the grid
126, wherein a utility provider that operates the electrical grid may also supply a setpoint value
402 for the electrical parameter. The POl may also be considered as the point of connection
with the electrical grid. The second data signal 304 corresponds to the output voltage of the
individual wind farm functioning as the first power generating subsystem 136. Thus, the second
data signal 304 corresponds to the individual contribution of the wind farm to the first data
signal 302. At step 305, a difference value between the first 302 and second 304 data signals
is generated.

[0068] At step 410, a long term voltage droop logic is determined based on the self-detected
local reactive power (Q) supplied by the wind farm. This long term droop value is applied at
step 305 to modify the difference value between the first 302 and second 304 data signals.

[0069] At step 314 in FIG. 6, the difference value obtained at step 305 is filtered (e.g., via
application of a lag filter) to obtain the correlation value voltage 318.

[0070] At step 408, the correlation value voltage 318 is applied to the parameter setpoint value
402 for the electrical parameter regulated at the POl and established by the utility provider to
generate a modified parameter setpoint value 413.

[0071] At step 412, a short term voltage droop logic is determined based on the self-detected
local reactive power (Q) supplied by the wind farm. This short term droop value is applied at

step 415 to the modified parameter setpoint value 413.

[0072] Application of the long term voltage droop logic and step 410 and the short term voltage
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droop logic and 412 addresses how the multiple wind farms will respond to a voltage
disturbance on the grid. If a large change in voltage occurs, there are two parts to the
combined response of all the wind farm facilities. The first is a dynamic "short term” response,
which governs how each windfarm facility responds in the timeframe from 1-~30 seconds. The
short term voltage droop logic is designed so that the individual wind farms can be tuned to
provide a similar response in the 1-~30 seconds time frame. The beneficial consideration here
is that the reactive power injection in this initial response to a disturbance can be tuned and
balanced between the different windfarms.

[0073] The steady state performance that governs the ~30s+ response is addressed by the
long term voltage droop logic. This dictates the overall accuracy of the voltage regulation
strategy via reactive power control/response across all the participating facilities (windfarms).
The long term voltage droop logic also has an impact on dynamic response (1-30 seconds),
but such impact is overshadowed by the short term voltage droop logic.

[0074] At step 417, a difference is determined between the further modified parameter setpoint
voltage 413 (adjusted by the short term voltage droop logic at step 415) and the second data
signal 304 and used to generate the error signal 400 (Verrgr). This error signal value 400 is

used at step 310 to generate the reactive power command (Q.mq) 407 that is transmitted to

the individual wind turbines within the wind farm and used by the individual wind turbine
controllers for reactive power generation and control at the wind turbine level.

[0075] Furthermore, the skilled artisan will recognize the interchangeability of various features
from different embodiments. Similarly, the various method steps and features described, as
well as other known equivalents for each such methods and feature, can be mixed and
matched by one of ordinary skill in this art to construct additional systems and techniques in
accordance with principles of this disclosure. Of course, it is to be understood that not
necessarily all such objects or advantages described above may be achieved in accordance
with any particular embodiment. Thus, for example, those skilled in the art will recognize that
the systems and techniques described herein may be embodied or carried out in a manner
that achieves or optimizes one advantage or group of advantages as taught herein without
necessarily achieving other objects or advantages as may be taught or suggested herein.

[0076] The patentable scope of the invention is defined by the claims, and may include other
examples that occur to those skilled in the art.
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KRAV

1. Fremgangsmdde til styring af et effektgenereringssystem  (100), hvor
effektgenereringssystemet (100) omfatter et effektgenererende undersystem (120) forbundet

til et sammenkoblingspunkt, POI (122), hvilken fremgangsmade omfatter:

modtagelse, ved en undersystemstyreenhed (200) af det effektgenererende
undersystem (120), af et fgrste datasignal svarende til et feedbacksignal for en elektrisk
parameter der er reguleret ved POl'et, hvor feedbacksignalet har en fgrste
signalfidelitet (eng: signal fidelity);

modtagelse, ved subsystemstyreenheden (200), af et andet datasignal (304) der
indikerer den elektriske parameter der er genereret ved det effektgenererende
undersystem, hvor det andet datasignal (304) har en anden signalfidelitet der er hgjere

end den fagrste signalfidelitet;

generering, med undersystemstyreenheden (200), af en korrelationsvaerdi mellem det
fgrste og andet datasignal (302, 304) ved at filtrere en vaerdiforskel mellem det fgrste
og andet datasignal (302, 304) og anvende korrelationsveerdien pd en saetpunktsvaerdi
(402) for den elektriske parameter der er reguleret ved POI'et (122), for at generere

en modificeret saetpunktsveerdi; og

generering, med undersystemstyreenheden (200) og ved anvendelse af den
modificerede saetpunktsveerdi og det andet datasignal (304) og anvendelse af en
spandingsfald-logik baseret pd en selvdetekteret lokal reaktiv effektveerdi (325)
svarende til en reaktiv effekt (Q) leveret af det effektgenererende undersystem, af en
seetpunktskommando (407) omfattende en reaktiv effektkommando (Qemd) for det
effektgenererende undersystem (120), og styring af generering af effekt ved det
effektgenererende undersystem (120) ved anvendelse af saetpunktskommandoen (407)

til regulering af den elektriske parameter ved POI'et (122).

2. Fremgangsmédde ifglge krav 1, hvor filtreringen omfatter anvendelse af et forsinkelsesfilter

(eng: lag filter) pd vaerdiforskellen mellem det fgrste og andet datasignal (302, 304).

3. Fremgangsmadde ifalge et hvilket som helst af de foregdende krav, yderligere omfattende

anvendelse af en langsigtet faldveerdi (eng: long term droop value) pd vaerdiforskellen mellem
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det fgrste og andet datasignal (302, 304) for at tilvejebringe et respons i en tidsramme over

30 sekunder pd en spaendingsforstyrrelse pd et elnet koblet til POI'et (122).

4. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, yderligere omfattende
anvendelse af en kortsigtet faldveerdi pd den modificerede ssetpunktveerdi til at styre et
respons i tidsrammen fra 1-30 sekunder pd en spaendingsforstyrrelse pd et elnet koblet til
POT'et (122).

5. Fremgangsmadde ifalge et hvilket som helst af de foregdende krav, yderligere omfattende
anvendelse af en langsigtet faldveerdi pd veerdiforskellen mellem det fgrste og andet
datasignal (302, 304) og en kortsigtet faldveerdi pd den modificerede seetpunktvaerdi.

6. Fremgangsmdde ifglge et hvilket som helst af de foregdende krav, hvor det
effektgenererende system omfatter en flerhed af de effektgenererende undersystemer (120),
der hver har en tilsvarende undersystemstyreenhed (200), hvor det farste datasignal (302)
0g seetpunktvaerdien er faelles for hver af undersystemstyreenhederne (200) til udfgrelse af

fremgangsmdaden.

7. Fremgangsmdde ifalge et hvilket som helst af de foregdende krav, hvor flerheden af
effektgenererende undersystemer (120) ikke er kommunikativt koblet med hensyn til det
andet datasignal (304) opndet af hver af undersystemstyreenhederne (200), sdledes at det
andet datasignal (302) fra et fgrste af de effektgenererende undersystemer (120) er ukendt
for undersystemstyreenheden (200) af et andet af de effektgenererende undersystemer
(120).

8. Fremgangsmdde ifglge et hvilket som helst af de foregdende krav, hvor de
effektgenererende undersystemer (120) er individuelle vindmglleparker forbundet ved POI'et
(122), og undersystemstyreenhederne (200) er individuelle vindmglleparkstyreenheder, og
hvor det fgrste datasignal (302) og seetpunktsveerdien for parameteren, der reguleres ved
POT'et (122), fas fra en forsyningsudbyder af et elektrisk elnet forbundet til POI'et (122).

9. Fremgangsmdde ifglge et hvilket som helst af de foregdende krav, hvor de
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effektgenererende undersystemer (120) er individuelle vindmgller i en vindmgllepark, og
undersystemstyreenhederne (200) er individuelle vindmgllestyreenheder, og hvor det fgrste
datasignal (302) og seetpunktet vaerdien for parameteren, der reguleres ved POT'et, fas fra en
vindmglleparkstyreenhed for vindmglleparken.

10. Fremgangsmdde ifalge et hvilket som helst af de foregdende krav, hvor den fgrste og
anden signalfidelitet omfatter et mal for mindst én af en opdateringshastighed, en

sensorngjagtighed, en sensoroplgsning eller en kommunikationsforsinkelse.

11. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor den elektriske

parameter omfatter mindst én af spaending, effekt, effekt eller frekvens.

12. System (100) til styring af et effektgenereringssystem, hvor systemet (100) omfatter:

et effektgenererende undersystem (120) forbundet til et sammenkoblingspunkt, POI (122);
0g

en undersystemstyreenhed (200) af det effektgenererende undersystem (120), hvor
undersystemstyreenheden (200) omfatter mindst én processor konfigureret til at udfgre en
flerhed af operationer, hvor flerheden af operationer omfatter:

modtagelse af et fgrste datasignal 302 der svarer til et feedbacksignal for en elektrisk
parameter der er reguleret ved POI'et (122), hvor det fgrste datasignal (302) har en
fgrste signalfidelitet;

modtagelse af et andet datasignal (304), der indikerer den elektriske parameter der er
genereret ved det effektgenererende undersystem (120), hvor det andet datasignal har

en anden signalfidelitet der er hgjere end den fgrste signalfidelitet;

generering af en korrelationsveerdi mellem det fgrste og andet datasignal (302, 304)

ved at filtrere en veerdiforskel mellem det fgrste og andet datasignal (302, 304);

generering af en modificeret saetpunktsvaerdi ved at anvende korrelationsvaerdien pd

en saetpunktsveerdi for den elektriske parameter reguleret ved POl'et (122);

anvendelse af den modificerede seetpunktsveaerdi og anvendelse af en spaendingsfald-
logik baseret pd en selvdetekteret lokal reaktiv effektvaerdi (325) svarende til en reaktiv

effekt (Q) leveret af det effektgenererende undersystem til generering af en
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seetpunktskommando omfattende en reaktiv effektkommando (Qcmd) for det

effektgenererende undersystem (120); og

styring af effektproduktionen ved det effektgenererende undersystem (120) ved
anvendelse af saetpunktskommandoen til regulering af den elektriske parameter ved
POI'et (122).

13. System (100) ifglge krav 12, hvor generering af korrelationsvaerdien omfatter anvendelse

af et forsinkelsesfilter pd vaerdiforskellen mellem det farste og andet datasignal (302, 304).

14. System (100) ifslge krav 12-13, hvor undersystemstyreenheden (200) yderligere er
konfigureret til at anvende en langsigtet faldveerdi pd veerdiforskellen mellem det farste og

andet datasignal (302, 304) og en kortsigtet faldvaerdi pd den modificerede saetpunktsveerdi.

15. System (100) ifalge krav 12-14, yderligere omfattende en flerhed af de effektgenererende
undersystemer (120), der hver har en tilsvarende undersystemstyreenhed (200), hvor det
forste datasignal (302) og parametersaetpunktsveerdien anvendes af hver af

undersystemstyreenhederne (200) til at udfgre flerheden af operationer.
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