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Responding to Local Grid Events and Distributed Grid Events 

TECHNICAL FIELD 

[0001] 	This disclosure relates generally to managing power flows, and more 

particularly, to managing energy delivery in a power grid in response to different types of 

events. 

BACKGROUND 

[0002] 	Modern power systems must deliver energy efficiently and reliably. This is 

because people depend heavily on electricity. Electricity powers many devices such as 

computers, cell phones, lights, appliances, and machines, all of which integral to the lives of 

many citizens. As society's demand for energy increases, power system infrastructures need 

to improve to provide the increasingly important resource of electricity in both an efficient 

and reliable manner. 

[0003] 	Large power plants typically generate electric power and send the power 

through a power grid distribution system before the power reaches a target load. However, 

power systems may experience problematic events such as fluctuating power output from 

generators, significant changes in loads, or physical damage to the distribution infrastructure. 

To improve reliability of power delivery systems, the power delivery system should be able 

to adjust and adapt to such events. 

SUMMARY 

[0004] 	A control system for an energy storage device or devices is coupled to sensors 

on an electrical grid. The control system is configured to receive a measurement from each 

of the sensors. The control system determines, based on the received measurements, whether 

a grid event is a local event or a distributed event. The control system selects a response 

mode for controlling the energy storage device or devices based on whether the grid event is 

determined to be a local event or a distributed event. 

[0005] 	In general, one aspect of the subject matter described in this specification can 

be embodied in methods that include the actions of receiving a measurement from each of a 

plurality of sensors coupled to an electrical grid, the electrical grid comprising a plurality of 

metering nodes at different geographic locations, each sensor being coupled to a metering 

node; determining, based on the received measurements, whether a grid event is a local event 

or a distributed event; and selecting a response mode for controlling an energy storage device 
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coupled to the electrical grid based on whether the grid event is determined to be a local 

event or a distributed event. Other embodiments of this aspect include corresponding 

systems, apparatus, and computer programs, configured to perform the actions of the 

methods, encoded on computer storage devices. A system of one or more computers can be 

configured to perform particular actions by virtue of having software, firmware, hardware, or 

a combination of them installed on the system that in operation causes or cause the system to 

perform the actions. One or more computer programs can be configured to perform 

particular actions by virtue of including instructions that, when executed by data processing 

apparatus, cause the apparatus to perform the actions. 

[0006] 	These and other embodiments can each optionally include one or more of the 

following features. The actions comprise determining that a first grid event is a local event, 

and in response, causing the energy storage device to inject or absorb active or reactive power 

at a first rate to compensate for the first grid event; and determining that a second grid event 

is a distributed event, and in response, cause the energy storage device to inject or absorb 

active or reactive power at a second rate greater than the first rate to compensate for the 

second grid event. Determining whether the grid event is a local event or a distributed event 

comprises counting a number of sensors reporting the grid event, and, if the number of 

sensors is greater than a threshold number of sensors, determining that the grid event is a 

distributed event. The grid comprises first and second levels of grid components and a first 

plurality of sensors are located in the first level of grid components and a second plurality of 

sensors are located in the second level of grid components, and wherein determining whether 

the grid event is a local event or a distributed event comprises counting a first number of 

sensors reporting the grid event in the first level and a second number of sensors reporting the 

grid event in the second level and determining whether the grid event is a local event or a 

distributed event based on the first number of sensors and the second number of sensors. 

Determining whether the grid event is a local event or a distributed event based on the first 

number of sensors and the second number of sensors comprises: determining a difference 

between the first number of sensors and the second number of sensors; and if the difference is 

greater than a threshold difference, determining that the grid event is a local event, and if the 

difference is less than or equal to the threshold difference, determining that the grid event is a 

distributed event. Determining whether the grid event is a local event or a distributed event 

comprises: receiving location information from each of the sensors; and determining whether 

the grid event is a local event or a distributed event based on the location information. 

Determining whether the grid event is a local event or a distributed event based on the 
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location information comprises: counting a first number of sensors of a first location 

reporting the grid event; counting a second number of sensors of a second location reporting 

the grid event; determining a difference between the first number of sensors and the second 

number of sensors; and determining that the grid event is a local event if the difference is less 

than or equal to a threshold difference and determining that the grid event is a distributed 

event if the difference is greater than the threshold difference. The actions include 

determining that the grid event has occurred by determining that at least a first sensor has 

reported a reduction in a measured electrical parameter of the grid. The actions include 

determining that at least a first sensor has reported the reduction in the measured electrical 

parameter comprises determining that the first sensor has reported the reduction in the 

measured electrical parameter for at least a threshold period of time. 

[0007] 	Particular implementations of the control system can provide one or more of 

the following advantages: the control system can more aggressively respond to distributed 

grid events, and thereby provide better service to consumers on the grid; the control system 

can respond less aggressively to local grid events, and thereby reducing unintended effects on 

the grid; and the control system can determine whether a grid event is local or distributed 

using various data received from the sensors, thereby resulting in a more reliable 

determination of whether the grid event is local or distributed. 

[0008] 	The details of one or more disclosed implementations are set forth in the 

accompanying drawings and the description below. Other features, aspects, and advantages 

will become apparent from the description, the drawings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 	FIG. 1 is a block diagram of an example electricity grid. 

[0010] 	FIG. 2 is a block diagram of an example power management system (PMS) 

coupled to a distribution network. 

[0011] 	FIG. 3 is a block diagram of an example control system for one or more power 

management systems. 

[0012] 	FIG. 4 is a flow diagram of an example process for controlling one or more 

energy storage devices in response to a grid event. 
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DETAILED DESCRIPTION 

[0013] 	FIG. 1 is a block diagram of an example electricity grid 100. The grid is 

organized into a hierarchy of levels, including a primary level 102, a secondary level 104, and 

a local level 106. Power management systems 108a-d are coupled to the grid and configured 

to receive signals from sensors 110a-f and inject or absorb real and reactive power from 

energy storage devices to compensate for grid events. 

[0014] 	The primary level of the grid includes primary generators 112a-b. The 

primary generators can be, for example, coal burning plants, nuclear power plants, wind 

farms, solar arrays, and hydro-electric plants. The primary level of the grid is coupled to the 

secondary level of the grid. One or more transformers can step down the voltage between the 

primary level and the secondary level. 

[0015] 	The second level includes a secondary generator 114 and, in some 

implementations, a load. The secondary generator can be, for example, a coal burning plant 

that produces less power than the primary generators. The load can be, for example, a 

consumer load. 

[0016] 	The second level is coupled to the local level. One or more transformers can 

step down the voltage between the secondary level and the local level. The local level can 

include local grids 118a-b that include local consumers 120a-b and local generators 122a-b. 

The local consumers can be, for example, residential consumers, business consumers, and 

industrial consumers. 

[0017] 	The sensors are each coupled to the grid at respective metering nodes that are 

geographically distributed. The sensors can be positioned in various levels of the grid, and 

the sensors can be positioned in various branches of local grids. Some of the sensors can be 

positioned near particular loads to monitor those loads. Some of the sensors can be 

positioned near or at particular generators to monitor those generators. 

[0018] 	The sensors can measure, for example, one or more of current, voltage, 

frequency, phase, resistance, and temperature at the metering nodes. Each sensor is 

configured to report, e.g., periodically or in response to a query, one or more measurements 

to one or more of the power management systems. The sensors can report to the power 

management systems by a data network, e.g., over the power lines or by communication via 

cellular towers on the Internet or by existing smart grid infrastructure. The power 

management systems are configured to receive the measurements and determine a response 

mode for responding to grid events. 
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[0019] 	Grid events can include, for example, changes in current, voltage, phase 

angles, harmonics, and frequency. A power management system can determine that a grid 

event occurs, for example, when the frequency of the power on the grid drops by a certain 

amount over a certain time period or significant phase angle differences exist at dispersed 

locations on the power system. A response mode for a power management system can 

determine, e.g., whether the power management system injects or absorbs active or reactive 

power from an energy storage device or devices and the rate at which it injects or absorbs 

power from the energy storage device or devices. 

[0020] 	A power management system can determine the rate at which it injects or 

absorbs power from an energy storage device or devices based on whether a grid event is a 

local event or a distributed event. In some implementations, the power management system 

injects or absorbs power from the energy storage device or devices at a first rate in response 

to a local event and at a second rate greater than the first rate in response to a distributed 

event. 

[0021] 	FIG. 2 is a block diagram of an example power management system (PMS) 

200 coupled to a distribution network 250. The power management system includes energy 

storage arrays 211, 221, and 231. The energy storage arrays are each coupled to a respective 

power conversion system 212, 222, and 232, and the power conversion systems are each 

coupled to a respective transformer 215, 225, and 235. The power conversion systems can 

be, for example, bidirectional inverters. In some implementations, the energy storage arrays 

include batteries coupled in series, in parallel, or a series-parallel configuration. In other 

implementations, the energy storage arrays may include, for example, capacitors, flywheels, 

super-conducting magnetics, or combinations thereof 

[0022] 	The transformers are coupled to a substation 254 that is coupled to an 

intermittent power source 260 and a grid 270, e.g., the grid 100 of FIG. 1. The intermittent 

power source can be, for example, a wind farm or a solar power generator. In operation, the 

power management system provides one or more support services to the intermittent power 

source and/or one or more ancillary services to the grid. 

[0023] 	The power management system includes a control system 140 operatively 

linked to each of the inverters through a communication interface. The control system 

provides the inverters control signals and/or data via the communication interface, including, 

for example, target active and reactive power settings, distribution network status 

information, and activate/standby control commands. 	Distribution network status 

information includes, for example, voltage, current, active power, reactive power, and 
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frequency information derived, e.g., from one or more sensors coupled to the grid. Based on 

this information, the control system can control the operation of each power conversion 

system so that the power management system appears to the distribution network as a single 

high capacity system. 

[0024] 	The control system issues target active power settings ("P commands") and 

target reactive power settings ("Q commands") to each of the inverters based on system 

performance requirements. For example, in a frequency regulation mode, the control system 

may issue a P command to increase the amount of active power transferred from an energy 

storage array to the distribution network in response to detecting a drop in frequency on the 

distribution network. 

[0025] 	The control system issues target frequency harmonics settings to generate out 

of phase harmonics used to cancel out undesired frequencies. For example, the fundamental 

frequency of the grid may be 50 or 60 Hz. If the control system determines that an 

undesirable 10 Hz oscillation is present on the grid, the control system can cause the energy 

storage system to generate an out of phase signal to cancel out the undesired frequency. 

[0026] 	Further, in a voltage regulation mode, the control system can issue a Q 

command to increase the amount of reactive power transferred between an energy storage 

array and the distribution network in response to detecting a voltage drop. Moreover, in a 

VAR regulation mode, the control system can issue a Q command to adjust the amount of 

reactive power transferred between an energy storage array and the distribution network in 

response to an out-of-limit condition. 

[0027] 	The control system can issue P and Q commands as necessary to manage 

power transferred at a point of interconnection (POI) 265 between the intermittent power 

source and the grid. For example, the control system can issue a P command to absorb power 

generated by the intermittent power source to avoid violating a positive ramp-rate limit 

during a sudden increase in power output by the intermittent power source. Similarly, the 

control system can issue a P command to provide power to distribution network 150 upon a 

sudden drop in power output by the intermittent power source to avoid violating a negative 

ramp-rate limit. 

[0028] 	FIG. 3 is a block diagram of an example control system 302 for one or more 

power management systems. For example, the control system can be the control system 240 

of FIG. 2. The control system receives at least sensor data, e.g., data from the sensors 110a-f 

of FIG. 1, and sends commands, e.g., P and Q commands to power conversion systems as 

described above with reference to FIG. 2. The control system can be implemented, for 
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example, on one or more computers executing one or more modules of executable 

instructions. 

[0029] 	The control system includes an event detection module 304, a response 

selection module 306, and an energy storage control module 308. The event detection 

module analyzes the sensor data to determine whether a grid event has occurred. In some 

implementations, the event detection module determines that a grid event has occurred when 

a measured grid parameter changes by a certain amount for a certain period of time. For 

example, the event detection module can determine that a grid event has occurred when a 

measured frequency on the grid drops below a threshold frequency for a certain amount of 

time. 

[0030] 	In response to determining that a grid event has occurred, the response 

selection module selects a response mode for controlling one or more energy storage devices. 

The response selection module determines whether the grid event is a local event or a 

distributed event. 

[0031] 	In some implementations, a local event is an event reported by a threshold 

number of sensors or less, and a distributed event is a grid event reported by a number of 

sensors greater than the threshold number. For example, suppose the threshold number of 

sensors is two. If one or two sensors measure a change in phase angles on the grid, the 

response selection module will determine that the grid event is a local event. If more than 

two sensors measure a change in phase angles on the grid, the response selection module will 

determine that the grid event is a distributed event, the response selection module will 

determine that the grid event is a local event. 

[0032] 	In some implementations, the response selection module uses location 

information to determine whether an event is local or distributed. For example, the response 

selection module may have access to stored information indicating the location of the sensors, 

or the sensors may report location information. The response selection module can then 

determine that a local event is a grid event reported by sensors with a certain area, e.g., one of 

the grid levels described above with respect to FIG. 1, and the response selection module can 

determine that a distributed event is a grid event reported by sensors in more than one area, or 

more than a threshold number of areas. 

[0033] 	In some implementations, the response selection module uses time 

synchronized sensor data and geographic data and grid architecture data to generate local and 

distributed control response. For example the response selection module can analyze time 
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[0032] In some implementations, the response selection module uses location 

information to determine whether an event is local or distributed. For example, the response 

selection module may have access to stored information indicating the location of the sensors, 

or the sensors may report location information. The response selection module can then 

determine that a local event is a grid event reported by sensors with a certain area, e.g., one of 

the grid levels described above with respect to FIG. 1, and the response selection module can 

determine that a distributed event is a grid event reported by sensors in more than one area, or 

more than a threshold number of areas. 

[0033] In some implementations, the response selection module uses time 

synchronized sensor data and geographic data and grid architecture data to generate local and 

distributed control response. For example the response selection module can analyze time 
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coordinated voltage, frequency and phase over a moving window of time and determine if a 

time synchronized distributed response is needed. 

[0034] 	In some implementations, the response selection module uses hierarchical 

information as location information rather than geographical location information. For 

example, consider the example grid illustrated in FIG. 1. Sensors 110a and 110b are located 

in the primary level of the grid. The response selection module can determine that a grid 

event reported by one or both of sensors 110a and 110b is a distributed event. Sensors 110e 

and 110f are located in the local level of the grid. The response selection module can 

determine that a grid event reported by one of sensors 110a and 110b is a local event. 

[0035] 	The response selection module, after determining whether a grid event is a 

local event or a distributed event, selects a response mode for controlling one or more energy 

storage devices. For example, the response mode can specify to inject or absorb power from 

an energy storage device at a certain rate, or to inject or absorb power from the energy 

storage device in a feedback loop using the rate of change of the frequency on the grid. The 

response mode can specify various parameters for injecting or absorbing power from an 

energy storage device, as is described further below with reference to FIG. 4. 

[0036] 	The energy storage control module controls injection or absorption of power 

from one or more energy storage devices. The energy storage control module may apply one 

or more control algorithms to control the energy storage devices, and the control algorithms 

may use one or more of various factors, e.g., the measured power output of an intermittent 

power source, the rate of change or the power output of an intermittent power source, and the 

state of charge of the energy storage device. In response to detecting a grid event, the energy 

storage control module uses the selected response mode of the response selection module to 

control injecting or absorbing power from the energy storage devices. 

[0037] 	FIG. 4 is a flow diagram of an example process 400 for controlling one or 

more energy storage devices in response to a grid event. The process can be performed, for 

example, by one of the power management systems of FIG. 1, or by the control system 240 of 

FIG. 2. For purposes of illustration, the process will be described with respect to a system 

that performs the process. 

[0038] 	The system receives a measurement from each of multiple sensors coupled to 

an electrical grid (402). The measurements can be time synchronized. In some 

implementations, the measurements include voltage and current magnitudes, phase angles, 

and frequencies, or combinations thereof. The electrical grid includes metering nodes at 
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coordinated voltage, frequency and phase over a moving window of time and determine if a 

time synchronized distributed response is needed. 

[0034] In some implementations, the response selection module uses hierarchical 

information as location information rather than geographical location information. For 

example, consider the example grid illustrated in FIG. 1. Sensors 110a and 110b are located 

in the primary level of the grid. The response selection module can determine that a grid 

event reported by one or both of sensors 110a and 110b is a distributed event. Sensors 1 lOe 

and llOf are located in the local level of the grid. The response selection module can 

determine that a grid event reported by one of sensors 110a and 110b is a local event. 

[0035] The response selection module, after determining whether a grid event is a 

local event or a distributed event, selects a response mode for controlling one or more energy 

storage devices. For example, the response mode can specify to inject or absorb power from 

an energy storage device at a certain rate, or to inject or absorb power from the energy 

storage device in a feedback loop using the rate of change of the frequency on the grid. The 

response mode can specify various parameters for injecting or absorbing power from an 

energy storage device, as is described further below with reference to FIG. 4. 

[0036] The energy storage control module controls injection or absorption of power 

from one or more energy storage devices. The energy storage control module may apply one 

or more control algorithms to control the energy storage devices, and the control algorithms 

may use one or more of various factors, e.g., the measured power output of an intermittent 

power source, the rate of change or the power output of an intermittent power source, and the 

state of charge of the energy storage device. In response to detecting a grid event, the energy 

storage control module uses the selected response mode of the response selection module to 

control injecting or absorbing power from the energy storage devices. 

[0037] FIG. 4 is a flow diagram of an example process 400 for controlling one or 

more energy storage devices in response to a grid event. The process can be performed, for 

example, by one of the power management systems of FIG. 1, or by the control system 240 of 

FIG. 2. For purposes of illustration, the process will be described with respect to a system 

that performs the process. 

[0038] The system receives a measurement from each of multiple sensors coupled to 

an electrical grid (402). The measurements can be time synchronized. In some 

implementations, the measurements include voltage and current magnitudes, phase angles, 

and frequencies, or combinations thereof. The electrical grid includes metering nodes at 
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different geographic locations, and at least some of the sensors are coupled to metering 

nodes. 

[0039] 	The system determines whether a grid event has occurred based on the 

measurements (404). For example, the system can determine that at least a first sensor has 

reported a reduction in a measured electrical parameter for at least a threshold period of time. 

[0040] 	The system determines whether the grid event is a local event or a distributed 

event (406). For example, the system can determine whether the grid event is a local event or 

a distributed event by counting a number of sensors reporting the grid event, and, if the 

number of sensors is greater than a threshold number of sensors, determining that the grid 

event is a distributed event. 

[0041] 	In some implementations, determining whether the grid event is a local event 

or a distributed event includes calculating a difference between a first phase angle at a first 

sensor and a second phase angle at a second sensor, and, if the difference exceeds a threshold, 

determining that the grid event is a distributed event. In some implementations, determining 

whether the grid event is a local event or a distributed event includes calculating historical 

inter-area power flows, and, if oscillations or a rate of change threshold is exceeded, 

determining that the grid event is a distributed event. 

[0042] 	For example, the system can determine a first power flow from a first sensor 

to a second sensor and compare the first power flow with a recorded power flow from the 

first sensor to the second sensor. If the first power flow is oscillating more than a threshold 

oscillation amount from the recorded power flow or a rate of change of the power flow 

relative to the recorded power flow exceeds a rate of change threshold, the system can 

determine that the grid event is a distributed event. 

[0043] 	In some implementations, the grid comprises first and second levels of grid 

components. The system determines whether the grid event is a local event or a distributed 

event by counting a first number of sensors reporting the grid event in the first level and a 

second number of sensors reporting the grid event in the second level and determining 

whether the grid event is a local event or a distributed event based on the first number of 

sensors and the second number of sensors. For example, the system can determine a 

difference between the first number of sensors and the second number of sensors, and if the 

difference is greater than a threshold difference, determine that the grid event is a local event, 

and if the difference is less than or equal to the threshold difference, determine that the grid 

event is a distributed event. 
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different geographic locations, and at least some of the sensors are coupled to metering 
nodes. 
[0039] The system determines whether a grid event has occurred based on the 
measurements (404). For example, the system can determine that at least a first sensor has 
reported a reduction in a measured electrical parameter for at least a threshold period of time. 
[0040] The system determines whether the grid event is a local event or a distributed 

event (406). For example, the system can determine whether the grid event is a local event or 
a distributed event by counting a number of sensors reporting the grid event, and, if the 
number of sensors is greater than a threshold number of sensors, determining that the grid 
event is a distributed event. 
[0041] In some implementations, determining whether the grid event is a local event 
or a distributed event includes calculating a difference between a first phase angle at a first 
sensor and a second phase angle at a second sensor, and, if the difference exceeds a threshold, 

determining that the grid event is a distributed event. In some implementations, determining 
whether the grid event is a local event or a distributed event includes calculating historical 
inter-area power flows, and, if oscillations or a rate of change threshold is exceeded, 
determining that the grid event is a distributed event. 
[0042] For example, the system can determine a first power flow from a first sensor 

to a second sensor and compare the first power flow with a recorded power flow from the 
first sensor to the second sensor. If the first power flow is oscillating more than a threshold 
oscillation amount from the recorded power flow or a rate of change of the power flow 
relative to the recorded power flow exceeds a rate of change threshold, the system can 

determine that the grid event is a distributed event. 
[0043] In some implementations, the grid comprises first and second levels of grid 
components. The system determines whether the grid event is a local event or a distributed 
event by counting a first number of sensors reporting the grid event in the first level and a 
second number of sensors reporting the grid event in the second level and determining 
whether the grid event is a local event or a distributed event based on the first number of 
sensors and the second number of sensors. For example, the system can determine a 
difference between the first number of sensors and the second number of sensors, and if the 
difference is greater than a threshold difference, determine that the grid event is a local event, 
and if the difference is less than or equal to the threshold difference, determine that the grid 
event is a distributed event. 
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[0044] 	In some implementations, the system receives location information from each 

of the sensors and determines whether the grid event is a local event or a distributed event 

based on the location information. For example, the system can count a first number of 

sensors of a first location reporting the grid event and a second number of sensors of a second 

location reporting the grid event. The system can then determine a difference between the 

first number of sensors and the second number of sensors. The system determines that the 

grid event is a local event if the difference is less than or equal to a threshold difference, and 

the system determines that the grid event is a distributed event if the difference is greater than 

the threshold difference. 

[0045] 	If the grid event is a local event, the system selects a local response mode 

(408). If the grid event is a distributed event, the system selects a distributed response mode 

(410). For example, the system can cause the energy storage devices to inject or absorb 

power at a first rate in the local response mode and a second rate, greater than the first rate, in 

the distributed response mode. 

[0046] 	In some implementations, where the grid event is a frequency drop and the 

system determines that the grid event is a distributed event, the system causes the energy 

storage device to output a frequency response with a high gain in an effort to minimize the 

absolute value of the frequency deviation as controlled by the following equation: 

Equation 1: 

Frequency Response = — 1 
R 

 

Td 
± 

r 
1 
1 

—
Td (1 _ e-TMRlead 14) 

Tg 	Tg i  
x (Frequency Deviation) 

    

Where R = Traditional Droop Coefficient (Hz/MW) 
Td = Lead Magnitude Coefficient 
Tg = Lead Time Constant Coefficient 
TMRlead = time value relative to the beginning of the frequency event 
Frequency Deviation = difference between the measured and nominal 

frequencies. 

Alternatively the system can cause the energy storage device to output a frequency response 

in accordance with other various conventional control algorithms. 

[0001] 	Embodiments of the subject matter and the operations described in this 

specification can be implemented in digital electronic circuitry, or in computer software, 

firmware, or hardware, including the structures disclosed in this specification and their 

structural equivalents, or in combinations of one or more of them. Embodiments of the 

subject matter described in this specification can be implemented as one or more computer 

programs, e.g., one or more modules of computer program instructions, encoded on computer 
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[0044] In some implementations, the system receives location information from each 

of the sensors and determines whether the grid event is a local event or a distributed event 

based on the location information. For example, the system can count a first number of 

sensors of a first location reporting the grid event and a second number of sensors of a second 

location reporting the grid event. The system can then determine a difference between the 

first number of sensors and the second number of sensors. The system determines that the 

grid event is a local event if the difference is less than or equal to a threshold difference, and 

the system determines that the grid event is a distributed event if the difference is greater than 

the threshold difference. 

[0045] If the grid event is a local event, the system selects a local response mode 

(408). If the grid event is a distributed event, the system selects a distributed response mode 

(410). For example, the system can cause the energy storage devices to inject or absorb 

power at a first rate in the local response mode and a second rate, greater than the first rate, in 

the distributed response mode. 

[0046] In some implementations, where the grid event is a frequency drop and the 

system determines that the grid event is a distributed event, the system causes the energy 

storage device to output a frequency response with a high gain in an effort to minimize the 

absolute value of the frequency deviation as controlled by the following equation: 

Equation 1: 

Frequency Response = — Td fi Td V — + 1 (1 
Tg I Tg V 

_ g-TMRlead I Tg x (Frequency Deviation) 

Where R = Traditional Droop Coefficient (Hz/MW) 
Td = Lead Magnitude Coefficient 
Tg = Lead Time Constant Coefficient 
TMRlead = time value relative to the beginning of the frequency event 
Frequency Deviation = difference between the measured and nominal 

frequencies. 

Alternatively the system can cause the energy storage device to output a frequency response 

in accordance with other various conventional control algorithms. 

[0001] Embodiments of the subject matter and the operations described in this 

specification can be implemented in digital electronic circuitry, or in computer software, 

firmware, or hardware, including the structures disclosed in this specification and their 

structural equivalents, or in combinations of one or more of them. Embodiments of the 

subject matter described in this specification can be implemented as one or more computer 

programs, e.g., one or more modules of computer program instructions, encoded on computer 
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storage medium for execution by, or to control the operation of, data processing apparatus. 

Alternatively or in addition, the program instructions can be encoded on an artificially 

generated propagated signal, e.g., a machine-generated electrical, optical, or electromagnetic 

signal that is generated to encode information for transmission to suitable receiver apparatus 

for execution by a data processing apparatus. A computer storage medium can be, or be 

included in, a computer-readable storage device, a computer-readable storage substrate, a 

random or serial access memory array or device, or a combination of one or more of them. 

Moreover, while a computer storage medium is not a propagated signal, a computer storage 

medium can be a source or destination of computer program instructions encoded in an 

artificially generated propagated signal. The computer storage medium can also be, or be 

included in, one or more separate physical components or media (e.g., multiple CDs, disks, or 

other storage devices). 

[0047] 	The operations described in this specification can be implemented as 

operations performed by a data processing apparatus on data stored on one or more computer-

readable storage devices or received from other sources. 

[0048] 	The term "data processing apparatus" encompasses all kinds of apparatus, 

devices, and machines for processing data, including by way of example a programmable 

processor, a computer, a system on a chip, or multiple ones, or combinations, of the 

foregoing. The apparatus can include special purpose logic circuitry, e.g., an FPGA (field 

programmable gate array) or an ASIC (application specific integrated circuit). The apparatus 

can also include, in addition to hardware, code that creates an execution environment for the 

computer program in question, e.g., code that constitutes processor firmware, a protocol 

stack, a database management system, an operating system, a cross-platform runtime 

environment, or a combination of one or more of them. 

[0049] 	The processes and logic flows described in this specification can be performed 

by one or more programmable processors executing one or more computer programs (also 

known as a program, software, software application, script, or code) to perform actions by 

operating on input data and generating output. The processes and logic flows can also be 

performed by, and apparatus can also be implemented as, special purpose logic circuitry, e.g., 

an FPGA (field programmable gate array) or an ASIC (application specific integrated 

circuit). 

[0050] 	While this specification contains many specific implementation details, these 

should not be construed as limitations on the scope of any inventions or of what may be 

claimed, but rather as descriptions of features specific to particular embodiments of particular 
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storage medium for execution by, or to control the operation of, data processing apparatus. 

Alternatively or in addition, the program instructions can be encoded on an artificially 

generated propagated signal, e.g., a machine-generated electrical, optical, or electromagnetic 

signal that is generated to encode information for transmission to suitable receiver apparatus 

for execution by a data processing apparatus. A computer storage medium can be, or be 

included in, a computer-readable storage device, a computer-readable storage substrate, a 

random or serial access memory array or device, or a combination of one or more of them. 

Moreover, while a computer storage medium is not a propagated signal, a computer storage 

medium can be a source or destination of computer program instructions encoded in an 

artificially generated propagated signal. The computer storage medium can also be, or be 

included in, one or more separate physical components or media (e.g., multiple CDs, disks, or 

other storage devices). 

[0047] The operations described in this specification can be implemented as 

operations performed by a data processing apparatus on data stored on one or more computer-

readable storage devices or received from other sources. 

[0048] The term "data processing apparatus" encompasses all kinds of apparatus, 

devices, and machines for processing data, including by way of example a programmable 

processor, a computer, a system on a chip, or multiple ones, or combinations, of the 

foregoing. The apparatus can include special purpose logic circuitry, e.g., an FPGA (field 

programmable gate array) or an ASIC (application specific integrated circuit). The apparatus 

can also include, in addition to hardware, code that creates an execution environment for the 

computer program in question, e.g., code that constitutes processor firmware, a protocol 

stack, a database management system, an operating system, a cross-platform runtime 

environment, or a combination of one or more of them. 

[0049] The processes and logic flows described in this specification can be performed 

by one or more programmable processors executing one or more computer programs (also 

known as a program, software, software application, script, or code) to perform actions by 

operating on input data and generating output. The processes and logic flows can also be 

performed by, and apparatus can also be implemented as, special purpose logic circuitry, e.g., 

an FPGA (field programmable gate array) or an ASIC (application specific integrated 

circuit). 

[0050] While this specification contains many specific implementation details, these 

should not be construed as limitations on the scope of any inventions or of what may be 

claimed, but rather as descriptions of features specific to particular embodiments of particular 
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inventions. Certain features that are described in this specification in the context of separate 

embodiments can also be implemented in combination in a single embodiment. Conversely, 

various features that are described in the context of a single embodiment can also be 

implemented in multiple embodiments separately or in any suitable subcombination. 

Moreover, although features may be described above as acting in certain combinations and 

even initially claimed as such, one or more features from a claimed combination can in some 

cases be excised from the combination, and the claimed combination may be directed to a 

subcombination or variation of a subcombination. 

[0051] 	Similarly, while operations are depicted in the drawings in a particular order, 

this should not be understood as requiring that such operations be performed in the particular 

order shown or in sequential order, or that all illustrated operations be performed, to achieve 

desirable results. In certain circumstances, multitasking and parallel processing may be 

advantageous. Moreover, the separation of various system components in the embodiments 

described above should not be understood as requiring such separation in all embodiments, 

and it should be understood that the described program components and systems can 

generally be integrated together in a single software product or packaged into multiple 

software products. 

[0052] 	Thus, particular embodiments of the subject matter have been described. 

Other embodiments are within the scope of the following claims. In some cases, the actions 

recited in the claims can be performed in a different order and still achieve desirable results. 

In addition, the processes depicted in the accompanying figures do not necessarily require the 

particular order shown, or sequential order, to achieve desirable results. In certain 

implementations, multitasking and parallel processing may be advantageous.. 

What is claimed is: 
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inventions. Certain features that are described in this specification in the context of separate 
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this should not be understood as requiring that such operations be performed in the particular 
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desirable results. In certain circumstances, multitasking and parallel processing may be 
advantageous. Moreover, the separation of various system components in the embodiments 

described above should not be understood as requiring such separation in all embodiments, 
and it should be understood that the described program components and systems can 
generally be integrated together in a single software product or packaged into multiple 
software products. 
[0052] Thus, particular embodiments of the subject matter have been described. 

Other embodiments are within the scope of the following claims. In some cases, the actions 
recited in the claims can be performed in a different order and still achieve desirable results. 
In addition, the processes depicted in the accompanying figures do not necessarily require the 
particular order shown, or sequential order, to achieve desirable results. In certain 

implementations, multitasking and parallel processing may be advantageous.. 
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CLAIMS 

1. A system comprising: 

an energy storage device coupled to an electrical grid; 

a plurality of sensors coupled to the electrical grid, the electrical grid comprising a 

plurality of metering nodes at different geographic locations, each sensor being coupled to a 

metering node; 

a control system coupled to the energy storage device and the sensors, wherein the 

control system is configured to: 

receive a measurement from each of the sensors; 

determine, based on the received measurements, whether a grid event is a local 

event or a distributed event; and 

select a response mode for controlling the energy storage device based on 

whether the grid event is determined to be a local event or a distributed event. 

2. The system of claim 1, wherein the control system is configured to: 

determine that a first grid event is a local event, and in response, cause the energy 

storage device to inject or absorb active power at a first rate to compensate for the first grid 

event; and 

determine that a second grid event is a distributed event, and in response, cause the 

energy storage device to inject or absorb active power at a second rate greater than the first 

rate to compensate for the second grid event. 

3. The system of claim 1, wherein determining whether the grid event is a local event or 

a distributed event comprises calculating a difference between a first phase angle at a first 

sensor and a second phase angle at a second sensor, and, if the difference exceeds a threshold, 

determine that the grid event is a distributed event. 
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CLAIMS 

1. A system comprising: 
an energy storage device coupled to an electrical grid; 
a plurality of sensors coupled to the electrical grid, the electrical grid comprising a 

plurality of metering nodes at different geographic locations, each sensor being coupled to a 

metering node; 
a control system coupled to the energy storage device and the sensors, wherein the 

control system is configured to: 
receive a measurement from each of the sensors; 
determine, based on the received measurements, whether a grid event is a local 

event or a distributed event; and 
select a response mode for controlling the energy storage device based on 

whether the grid event is determined to be a local event or a distributed event. 

2. The system of claim 1, wherein the control system is configured to: 
determine that a first grid event is a local event, and in response, cause the energy 

storage device to inject or absorb active power at a first rate to compensate for the first grid 

event; and 
determine that a second grid event is a distributed event, and in response, cause the 

energy storage device to inject or absorb active power at a second rate greater than the first 
rate to compensate for the second grid event. 

3. The system of claim 1, wherein determining whether the grid event is a local event or 
a distributed event comprises calculating a difference between a first phase angle at a first 
sensor and a second phase angle at a second sensor, and, if the difference exceeds a threshold, 
determine that the grid event is a distributed event. 
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4. The system of claim 1, wherein determining whether the grid event is a local event or 

a distributed event comprises: 

determining a first power flow from a first sensor to a second sensor; 

comparing the first power flow with a recorded power flow from the first sensor to the 

second sensor, and, if the first power flow is oscillating more than a threshold oscillation 

amount from the recorded power flow or a rate of change of the power flow relative to the 

recorded power flow exceeds a rate of change threshold, determine that the grid event is a 

distributed event. 

5. The system of claim 1, wherein determining whether the grid event is a local event or 

a distributed event comprises counting a number of sensors reporting the grid event, and, if 

the number of sensors is greater than a threshold number of sensors, determining that the grid 

event is a distributed event. 

6. The system of claim 1, wherein the grid comprises first and second levels of grid 

components and a first plurality of sensors are located in the first level of grid components 

and a second plurality of sensors are located in the second level of grid components, and 

wherein determining whether the grid event is a local event or a distributed event comprises 

counting a first number of sensors reporting the grid event in the first level and a second 

number of sensors reporting the grid event in the second level and determining whether the 

grid event is a local event or a distributed event based on the first number of sensors and the 

second number of sensors. 

7. The system of claim 6, wherein determining whether the grid event is a local event or 

a distributed event based on the first number of sensors and the second number of sensors 

comprises: 

determining a difference between the first number of sensors and the second number 

of sensors; and 

if the difference is greater than a threshold difference, determining that the grid event 

is a local event, and if the difference is less than or equal to the threshold difference, 

determining that the grid event is a distributed event. 
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4. The system of claim 1, wherein determining whether the grid event is a local event or 
a distributed event comprises: 

determining a first power flow from a first sensor to a second sensor; 
comparing the first power flow with a recorded power flow from the first sensor to the 

second sensor, and, if the first power flow is oscillating more than a threshold oscillation 
amount from the recorded power flow or a rate of change of the power flow relative to the 
recorded power flow exceeds a rate of change threshold, determine that the grid event is a 
distributed event. 

5. The system of claim 1, wherein determining whether the grid event is a local event or 
a distributed event comprises counting a number of sensors reporting the grid event, and, if 
the number of sensors is greater than a threshold number of sensors, determining that the grid 
event is a distributed event. 

6. The system of claim 1, wherein the grid comprises first and second levels of grid 

components and a first plurality of sensors are located in the first level of grid components 
and a second plurality of sensors are located in the second level of grid components, and 
wherein determining whether the grid event is a local event or a distributed event comprises 
counting a first number of sensors reporting the grid event in the first level and a second 

number of sensors reporting the grid event in the second level and determining whether the 
grid event is a local event or a distributed event based on the first number of sensors and the 
second number of sensors. 

7. The system of claim 6, wherein determining whether the grid event is a local event or 

a distributed event based on the first number of sensors and the second number of sensors 
comprises: 

determining a difference between the first number of sensors and the second number 
of sensors; and 

if the difference is greater than a threshold difference, determining that the grid event 
is a local event, and if the difference is less than or equal to the threshold difference, 
determining that the grid event is a distributed event. 
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8. The system of claim 1, wherein determining whether the grid event is a local event or 

a distributed event comprises: 

receiving location information from each of the sensors; and 

determining whether the grid event is a local event or a distributed event based on the 

location information. 

9. The system of claim 8, wherein determining whether the grid event is a local event or 

a distributed event based on the location information comprises: 

counting a first number of sensors of a first location reporting the grid event; 

counting a second number of sensors of a second location reporting the grid event; 

determining a difference between the first number of sensors and the second number 

of sensors; and 

determining that the grid event is a local event if the difference is less than or equal to 

a threshold difference and determining that the grid event is a distributed event if the 

difference is greater than the threshold difference. 

10. The system of claim 1, wherein the system is configured to determine that the grid 

event has occurred by determining that at least a first sensor has reported a reduction in a 

measured electrical parameter of the grid. 

11. The system of claim 10, wherein determining that at least a first sensor has reported 

the reduction in the measure electrical parameter comprises determining that the first sensor 

has reported the reduction in the measured electrical parameter for at least a threshold period 

of time. 

12. A method comprising: 

receiving a measurement from each of a plurality of sensors coupled to an electrical 

grid, the electrical grid comprising a plurality of metering nodes at different geographic 

locations, each sensor being coupled to a metering node; 

determining, based on the received measurements, whether a grid event is a local 

event or a distributed event; and 

selecting a response mode for controlling an energy storage device coupled to the 

electrical grid based on whether the grid event is determined to be a local event or a 

distributed event. 
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13. The method of claim 12, comprising: 

determining that a first grid event is a local event, and in response, causing the energy 

storage device to inject or absorb active or reactive power at a first rate to compensate for the 

first grid event; and 

determine that a second grid event is a distributed event, and in response, cause the 

energy storage device to inject or absorb active or reactive power at a second rate greater than 

the first rate to compensate for the second grid event. 

14. The method of claim 12, wherein determining whether the grid event is a local event 

or a distributed event comprises counting a number of sensors reporting the grid event, and, if 

the number of sensors is greater than a threshold number of sensors, determining that the grid 

event is a distributed event. 

15. The method of claim 12, wherein the grid comprises first and second levels of grid 

components and a first plurality of sensors are located in the first level of grid components 

and a second plurality of sensors are located in the second level of grid components, and 

wherein determining whether the grid event is a local event or a distributed event comprises 

counting a first number of sensors reporting the grid event in the first level and a second 

number of sensors reporting the grid event in the second level and determining whether the 

grid event is a local event or a distributed event based on the first number of sensors and the 

second number of sensors. 

16. The method of claim 15, wherein determining whether the grid event is a local event 

or a distributed event based on the first number of sensors and the second number of sensors 

comprises: 

determining a difference between the first number of sensors and the second number 

of sensors; and 

if the difference is greater than a threshold difference, determining that the grid event 

is a local event, and if the difference is less than or equal to the threshold difference, 

determining that the grid event is a distributed event. 
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17. The method of claim 10, wherein determining whether the grid event is a local event 

or a distributed event comprises: 

receiving location information from each of the sensors; and 

determining whether the grid event is a local event or a distributed event based on the 

location information. 

18. The method of claim 15, wherein determining whether the grid event is a local event 

or a distributed event based on the location information comprises: 

counting a first number of sensors of a first location reporting the grid event; 

counting a second number of sensors of a second location reporting the grid event; 

determining a difference between the first number of sensors and the second number 

of sensors; and 

determining that the grid event is a local event if the difference is less than or equal to 

a threshold difference and determining that the grid event is a distributed event if the 

difference is greater than the threshold difference. 

19. The method of claim 12, comprising determining that the grid event has occurred by 

determining that at least a first sensor has reported a reduction in a measured electrical 

parameter of the grid. 

20. The method of claim 19, wherein determining that at least a first sensor has reported 

the reduction in the measured electrical parameter comprises determining that the first sensor 

has reported the reduction in the measured electrical parameter for at least a threshold period 

of time. 
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