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POWER CONTROL DEVICE

Field of the invention
The present invention relates to a controller for controlling an energy discharge from an energy

saving device to a power grid.

Background

To ensure the reliability of an electric power grid, the administrator must continually maintain a
power reserve in order to compensate for a possible failure of energy production units. The
power reserve is essentially an excess production capacity on standby. In normal conditions,
the power generation units are run at less than 100% such that a degree of reserve power is
always available. However, the maintenance of this reserve capacity is an expensive proposition
since the reserve constitutes a resource that cannot be effectively monetized by the utility

company.

An electric power grid will operate in normal conditions at a fixed frequency (usually 50 or 60
Hz). The frequency remains constant as long as the supplied power matches the power
consumed by the load. Any sudden changes in generation or load resulting in an imbalance
between generation and load will lead to a frequency instability during which the frequency
deviates from its nominal value. Large frequency variations are undesirable because they could

lead to equipment trip or even a system collapse.

Frequency instability events are generally caused by the sudden loss of a power generation unit
or by the loss of a large load and are characterized by a sudden frequency variation from the

frequency nominal value.

The reserve capacity in a power grid is thus tapped when the frequency drops below a certain

level. Electrical generation units that supply power to the grid are equipped with a speed



governor. The speed governor continuously regulates the power output of generation units in
order to balance the generation with the load. Thus when the frequency of the grid varies, the
speed governor responds to this variation to compensate it. For example, when the frequency
is higher than normal, the speed governor will simply lower the power generated by the
generation unit (therefore reducing the amount of power supplied to the grid). Alternatively,
when the frequency is lower than normal, the speed governor will increase the power
generation. The speed governor however has some inherent limitations. In particular, it is slow
to respond since it involves certain mechanical constraints. Depending of the type of generation
(hydraulic, gas, thermal, wind, etc...) some time is required for the generation unit to increase

its speed up to the desired point.

System inertia is another aspect to frequency stability of the power grid. “Inertia” refers to the
ability of the grid to buffer energy imbalances, such as excess load or excess generation and
thus prevent significant and rapid frequency variations. Any power grid has a level of inherent
inertia on its generation side. This inherent inertia is in the form of mechanical energy stored in
the rotors of the generators. If the load on the power grid increases, the rotor inertia of a
generator will be able to instantly respond to this increased load and thus dampen a frequency
drop. Similarly, if the load connected to the grid is suddenly reduced, the rotor inertia will limit

its tendency to overspeed, hence increase the frequency of the supply voltage.

Accordingly, it is desirable to provide improved devices and methods configured for providing
‘support to the power grid in instances of imbalance between power generation and load,
during which the frequency of the electrical energy in the power grid varies from a nominal

value.

Summary of invention

The present invention relates to a control system for an electric energy storage arrangement

for use in an AC power distribution network characterized by a dynamic state of
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balance between power generation and load, the control system comprising input means for
receiving a command from a remote entity directing the energy storage arrangement to
perform an ancillary service, receiving a signal conveying a characteristic of an electrical energy
supplied by the AC power distribution network observable at a power connection between the
_ electric energy storage arrangement and the AC power distribution arrangement, output means
for outputting signals to control an injection of electrical energy from the energy storage
arrangement into the AC power distribution network, non-transitory storage means encoded
with software for execution by one or more CPUs, configured for in response to a command
received from a remote entity directing the energy storage arrangement to execute the
ancillary service, generating output signals through the output means causing the energy
storage arrangement to inject electrical energy into the AC power distribution network, sensing
the characteristic of the electrical energy to detect the occurrence of a power generation deficit
occurring in the AC power distribution network after reception of the command from the
remote entity, in response to detection of the power generation deficit generating output
signals to cause an increase of the rate of injection of electrical energy into the AC power
distribution network to lessen the power generation deficit in the AC power distribution

network while continuing to execute the ancillary service.

The present invention also relates to a method for providing fast and autonomous frequency
regulation in an AC power distribution network characterized by a dynamic state of balance
between power generation and load, the method comprising: providing an energy storage
arrangement, receiving a command from a remote entity directing the energy storage
arrangement to execute an ancillary service including injecting electrical energy from the
energy storage arrangement into the AC power distribution network, sensing a characteristic of
an electrical energy distributed by the AC power distribution arrangement to detect the
occurrence of a power generation deficit occurring after reception of the command from the
remote entity and in response to detection of the power generation deficit, increasing a rate of

injection of electrical energy from the energy storage arrangement to lessen the power

2a

CA 3051063 2019-08-28



generation deficit in the AC power distribution network while continuing to execute ‘the

ancillary service.

The present invention further relates to a control system for an electric energy storage
arrangement for use in an AC power distribution network characterized by a dynamic state of
balance between power generation and load, the control system comprising: input means for
receiving a command from a remote entity directing the energy storage arrangement to perform
an ancillary service and receiving a signal conveying a characteristic of an electrical energy
supplied by the AC power distribution network, the characteristic being observable at a power
connection between the electric energy storage arrangement and the AC power distribution
arrangement, output means for outputting signals to control an injection of electrical energy from
the energy storage arrangement into the AC power distribution network and a non-transitory
storage means encoded with software for execution by one or more CPUs, configured for, in
response to a command received from the remote entity, directing the energy storage
arrangement to execute the ancillary service generating output signals through the output means
causing the energy storage arrangement to inject electrical energy into the AC power distribution
network, sensing the characteristic of the electrical energy to detect the occurrence of a power
generation deficit occurring in the AC power distribution network after reception of the
command from the remote entity, in response to detection of the power generation deficit,
modifying the output signals to cause an increase of the rate of injection of electrical energy into
the AC power distribution network to lessen the power generation deficit in the AC power
distribution network, sensing the characteristic of the electrical energy to detect an ending of the
power generation deficit and, in response to detection of the ending of the power generation
deficit, adapting the rate of injection of electrical energy into the AC power distribution network

according to the ancillary service commanded by the remote entity.

The present invention also relates to a method for providing fast and autonomous frequency
regulation in an AC power distribution network characterized by a dynamic state of balance

between power generation and load, the method comprising: providing an energy storage
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arrangement, receiving a command from a remote entity directing the energy storage
arrangement (o execute an ancillary service including injecting electrical energy from the energy
storage arrangement into the AC power distribution network, sensing a characteristic of an
electrical energy distributed by the AC power distribution arrangement to detect the occurrence
of a power generation deficit occurring after reception of the command from the remote entity, in
response to detection of the power generation deficit, increasing a rate of injection of electrical
energy from the energy storage arrangement to lessen the power generation deficit in the AC
power distribution network, sensing the characteristic of the electrical energy to detect a
termination of the power generation deficit and, in response to detection of the termination of
the power generation deficit, modifying the output signals to adapt the rate of injection of
electrical energy into the AC power distribution network according to the ancillary service

commanded by the remote entity.

The present invention further relates to A control system for an electric energy storage
arrangement for use in an AC power distribution network characterized by a dynamic state of
balance between power generation and load, the control system comprising: input means for
receiving a command from a remote entity directing the energy storage arrangement to
perform an ancillary service, receiving a signal conveying a characteristic of an electrical energy
supplied by the AC power distribution network, the characteristic being observable at a power
connection between the electric energy storage arrangement and the AC power distribution
arrangement, output means for outputting signals to control an injection of electrical energy
from the energy storage arrangement into the AC power distribution network and non-
transitory storage means encoded with software for execution by one or more CPUs,
configured for, in response to a command received from a remote entity, directing the energy
storage arrangement to execute the ancillary service including generating output signals
through the output means causing the energy storage arrangement to inject electrical energy
into the AC power distribution network, sensing the characteristic of the electrical energy to
detect the occurrence of a power generation deficit occurring in the AC power distribution
network after reception of the command from the remote entity, in response to detection of

the power generation deficit, producing output signals to adapt the rate of injection of
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~electrical energy into the AC power distribution network to lessen the power generation deficit
in the AC power distribution network and, after termination of the power generation deficit,
determining if a residual level of electrical energy in the energy storage device is sufficient to

continue execution of the ancillary service.

The present invention also relates to A method for providing fast and autonomous frequency
response in an AC power distribution network characterized by a dynamic state of balance
between power generation and load, the method comprising: providing an energy storage
arrangement, receiving a command from a remote entity directing the energy storage
arrangement to execute an ancillary service including injecting electrical energy from the
energy storage arrangement into the AC power distribution network, sensing a characteristic of
an electrical energy distributed by the AC power distribution arrangement to detect the
occurrence of a power generation deficit occurring after reception of the command from the
remote entity, in response to detection of the power generation deficit, producing output
signals to adapt the rate of injection of electrical energy into the AC power distribution network
to lessen the power generation deficit in the AC power distribution network and, after
termination of the power generation deficit, determining if a residual level of electrical energy

in the energy storage device is sufficient to execute the ancillary service.

The present invention further relates to a control system for an electric energy storage
arrangement for use in an AC power distribution network characterized by a dynamic state of
balance between power generation and load, the control system comprising: input means for
receiving a command from a remote entity directing the energy storage arrangement to
‘perform one or more ancillary services and receiving a signal conveying a characteristic of an
electrical energy supplied by the AC power distribution network, the characteristic being
measurable at a power connection between the electric energy storage arrangement and the
AC power distribution arrangement, output means for outputting signals to control an injection

of electrical energy from the energy storage arrangement into the AC power distribution
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network, non-transitory storage means encoded with software for execution by one or more
CPUs, the software implementing logic to sensing the characteristic of the electrical energy to
detect the occurrence of a power generation deficit occurring in the AC power distribution
network after reception of the command from the remote entity, in response to a command
received from a remote entity, directing the energy storage arrangement to execute an
ancillary service including generating output signals through the output means causing the
energy storage arrangement to inject electrical energy into the AC power distribution network,
in response to detection of the power generation deficit, implementing a fast frequency
regulation service including producing output signals to adapt the rate of injection of electrical
energy into the AC power distribution network to lessen the power generation deficit in the AC
power distribution network, selecting between continuing execution of the ancillary service and
interruption of the ancillary service while the fast frequency regulation service is being

performed and performing the action selected thereof.

The present invention also relates to a method for providing fast and autonomous frequency
regulation in an AC power distribution network characterized by a dynamic state of balance
between power generation and load, the method comprising: providing an energy storage
arrangement, receiving a command from a remote entity directing the energy storage
arrangement to execute an ancillary service including injecting electrical energy from the
‘energy storage arrangement into the AC power distribution network, sensing the characteristic
of the electrical energy to detect the occurrence of a power generation deficit occurring in the
AC power distribution network after reception of the command from the remote entity, in
response to a command received from a remote entity, directing the energy storage
arrangement to execute an ancillary service including generating output signals through the
output means causing the energy storage arrangement to inject electrical energy into the AC
power distribution network, in response to detection of the power generation deficit,
implementing a fast frequency regulation service including producing output signals to adapt

the rate of injection of electrical energy into the AC power distribution network to lessen the
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power generation deficit in the AC power distribution network, selecting between continuing
execution of the ancillary service and interruption of the ancillary service while the fast

frequency regulation service is being performed and performing the action selected thereof.

The present invention further relates to a control system for an electric energy storage
arrangement for use in an AC power distribution network characterized by a dynamic state of
balance between power generation and load, the control system configured to provide a
remotely commanded frequency regulation ancillary service and a fast autonomous frequency
regulation service, the control system comprising: input means for receiving a command from a
remote entity directing the energy storage arrangement to perform a frequency regulation
service and receiving a signal conveying a characteristic of an electrical energy supplied by the
AC power distribution network, the characteristic being observable at a power connection
between the electric energy storage arrangement and the AC power distribution network,
“output means for outputting signals to control an injection of electrical energy from the energy
storage arrangement into the AC power distribution network, non-transitory storage means
encoded with software for execution by one or more CPUs, the software implementing logic to
sensing the characteristic of the electrical energy to detect the occurrence of a power
generation deficit occurring in the AC power distribution network after reception of the
command from the remote entity, in response to a command received from a remote entity,
directing the energy storage arrangement to execute an ancillary service including generating
output signals through the output means causing the energy storage arrangement to inject
electrical energy into the AC power distribution network, in response to detection of the power
generation deficit, implementing a fast frequency regulation service including producing output
signals to adapt the rate of injection of electrical energy into the AC power distribution network
to lessen the power generation deficit in the AC power distribution network, selecting between
continuing execution of the ancillary service and interruption of the ancillary service while the

fast frequency regulation service is being performed and performing the action selected

thereof.
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The present invention also relates to a method for providing fast and autonomous frequency
response in an AC power distribution network characterized by a dynamic state of balance between
power generation and load, the method comprising: providing an energy storage arrangement,
receiving a command from a remote entity directing the energy storage arrangement to execute
an ancillary service including injecting electrical energy from the energy storage arrangement into
the AC power distribution network, sensing the characteristic of the electrical energy to detect the
occurrence of a power generation deficit occurring in the AC power distribution network after
reception of the command from the remote entity, in response to a command received from a
remote entity, directing the energy storage arrangement to execute an ancillary service including
generating output signals through the output means causing the energy storage arrangement to
inject electrical energy into the AC power distribution network, in response to detection of the
power generation deficit, implementing a fast frequency regulation service including producing
output signals to adapt the rate of injection of electrical energy into the AC power distribution
network to lessen the power generation deficit in the AC power distribution network, selecting
between continuing execution of the ancillary service and interruption of the ancillary service while
the fast frequency regulation service is being performed and performing the action selected

thereof.

The present invention also relates to a control system for an electric energy storage arrangement
for use in an AC power distribution network characterized by a dynamic state of balance between
power generation and load, the control system comprising: an input configured for: receiving a
remote command from a remote entity directing the energy storage arrangement to
perform an ancillary service; receiving a signal conveying a characteristic of an electrical
energy supplied by the AC power distribution network, the characteristic being observable
at a power connection interface between the electric energy storage arrangement and the
AC power distribution network; an output configured for outputting signals to control an
injection of electrical energy from the energy storage arrangement into the AC power
distribution network; non-transitory storage medium encoded with software for execution
by one or more CPUs, implementing control logic configured for: in response to the remote

command received from the remote entity when the AC power distribution network isin a
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state of equilibrium between power generation and load, the control logic directing the
energy storage arrangement to execute the ancillary service, including generating output
signals through the output causing the energy storage arrangement to inject a flow of
electrical energy into the AC power distribution network at a first level corresponding to
execution of the ancillary service; sensing the characteristic of the electrical energy to
detect a power generation deficit occurring in the AC power distribution network after
reception of the command from the remote entity, at the power connection interface
between the electric energy storage arrangement and the AC power distribution network
; in response to detection of the power generation deficit the control logic directing the
energy storage arrangement to execute a local response while the ancillary service is being
executed, including generating output signals to cause the energy storage arrangement to
increase the flow of electrical energy into the AC power distribution network at a second
level corresponding to concurrent execution of the local response andthe ancillary service
wherein the local response is configured to lessen the power generation deficit in the AC
power distribution network ; sensing the characteristic of the electrical energy to detect an
ending of the power generation deficit; in response to detection of the ending of the power
generation deficit the control logic directing the energy storage arrangement to stop
execution of the local response and continue execution of the ancillary service including
generating output signals to cause the energy storage arrangement to reduce the flow of
electrical energy into the AC power distribution network from the second level to the first

level.

The present invention also relates to a method for providing fast and autonomous frequency
regulation in an AC power distribution network characterized by a dynamic state of balance
between power generation and load, the method comprising: providing an energy storage
arrangement; receiving a command from a remote entity directing the energy storage arrangement
to execute an ancillary service including injecting electrical energy from the energy storage
arrangement into the AC power distribution network according to a first set of parameters to

execute the ancillary service, wherein the first set of parameters comprises a first rate of injection
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of electrical energy into the AC power distribution network; sensing a characteristic of an electrical
energy distributed by the AC power distribution arrangement to detect the occurrence of a power
generation deficit occurring after reception of the command from the remote entity; in response
to detection of the power generation deficit directing the energy storage arrangement to lessen
the power generation deficit in the AC power distribution network including injecting electrical
energy from the energy storage arrangement into the AC power distribution network according to
a second set of parameters, wherein the second set of parameters comprises a second rate of
injection of electrical energy into the AC power distribution network, the second rate of injection
being different from the first rate of injection; sensing the characteristic of the electrical energy to
detect a termination of the power generation deficit; in response to detection of the termination
of the power generation deficit directing the energy storage arrangement to resume the ancillary
service including injecting electrical energy from the energy storage arrangement into the AC power

distribution network according to the first set of parameters.

The present invention also relates to method for controlling an electric energy storage arrangement
for use in an AC power distribution network characterized by a dynamic state of balance between
power generation and load, the method comprising: in response to a remote command received at
an input of a control system transmitted from a remote entity when the AC power distribution
network is in a state of equilibrium between power generation and load, directing the energy
storage arrangement to execute an ancillary service, including generating control signals for causing
the energy storage arrangement to inject a flow of electrical energy into the AC power distribution
network at a first level corresponding to execution of the ancillary service; sensing a characteristic
of the electrical energy to detect a power generation deficit occurring in the AC power distribution
network after reception of the command from the remote entity, at a power connection interface
between the electric energy storage arrangement and the AC power distribution arrangement; in
response to detection of the power generation deficit directing the energy storage arrangement to
execute a local response while the ancillary service is being executed, including generating control
signals for causing the energy storage arrangement to increase the flow of electrical energy into the
AC power distribution network to a second level corresponding to concurrent execution of the local
response and the ancillary service, wherein the local response is configured to lessen the power

generation deficit in the AC power distribution network; sensing the characteristic of the electrical
2i
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energy to detect an ending of the power generation deficit; in response to detection of the ending
of the power generation deficit directing the energy storage arrangement to stop execution of the
local response and continue execution of the ancillary service, including generating control signals
to cause the energy storage arrangement to reduce the flow of electrical energy into the AC power

distribution network from the second level to the first level.

Brief description of the drawings

A detailed description of non-limiting examples of implementation of the present invention is

provided hereinbelow with reference to the following drawings, in which:
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Figure 1 shows an example of an electric power grid according to an embodiment of the
invention and illustrating the power generation side and the distributed load side of the power

grid;

Figure 2 is a bloc diagram showing an energy storage device, an energy conversion system and
a controller used to eliminate or reduce an imbalance between the generation side and the
load side of the electric power grid of Figure 1, in accordance with a non-limiting example of

implementation of the invention;

Figure 3 is a more detailed bloc diagram of Figure 2;

Figure 4 is a more detailed block diagram of the controller of Figures 2 and 3 in accordance with

a non-limiting example of implementation of the invention;

Figure 5 is a flow chart of the process implemented by the controller of Figure 4 for eliminating
or reducing an imbalance between the generation side and the load side of the electric power

grid of Figure 1;

Figure 6 is a graph depicting several specific examples of linear and non-linear injection of

electrical energy in the power grid in relation to the frequency deviation;

Figure 7 is a graph depicting an example of linear injection of electrical energy in relation to the

rate of frequency deviation;

Figure 8 is a graph depicting several specific examples of non-linear injection of electrical

energy in the power grid in relation to the rate of frequency deviation;
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Figure 9 is a graph depicting an example of “on-off” injection of electrical energy in relation to

the rate of frequency deviation;

Figure 10 is a flowchart of a process for implementing a local response during execution of a

remote command;

Figure 11 is a block diagram of an electric power grid connected to four energy storage devices,

in accordance with a non-limiting example of implementation of the invention;

Figure 12 is a flow chart of a process implemented by the controller of Figure 4 for re-assigning

tasks of energy storage devices following a frequency deviation event; and

Figure 13 is a black diagram showing a plurality of zones in a memory of the controller of Figure

4,

In the drawings, embodiments of the invention are illustrated by way of example. It is to be
expressly understood that the description and drawings are only for purposes of illustration and
as an aid to understanding, and are not intended to be a definition of the limits of the

invention.

Detailed description of the embodiments of the invention

To facilitate the description, any reference numeral designating an element in one figure will
designate the same element if used in any other figure. In describing the embodiments, specific
terminology is used but the invention is not intended to be limited to the specific terms so

selected.

Figure 1 shows an electric power grid according to an embodiment of the invention. Electricity
is generated at a power plant 10 and is transmitted over high voltage transmission lines 12 to a

voltage down step station 14. The voltage down step station 14 lowers the electrical voltage
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(via transformers for example) such that it may be distributed to households 16 and industrial

buildings 18 via residential distribution lines 20.

The electric power grid of Figure 1 may be “isolated” when it exhibits a limited number of
connections with neighboring grids or “meshed” when it exhibits a large number of connections

with neighboring grids.

In a non-limiting example of implementation, and with further reference to Figure 2, the
present invention provides an energy storage device (ESD) 22 that may be used to support the
electric power grid 20. More specifically, the electric power grid of Figure 1 comprises a number
of loads, notably in the households 16 and industrial buildings 18. In a steady state mode of
operation, the electric power grid 20 is characterized by a state of equilibrium between the
generation side of the electric power grid 20 (i.e., power plant 10 and the likes) and the load

size thereof (l.e., households 16, industrial buildings 18 and the likes).

When this state of equilibrium is lost and there is an imbalance between the generation side of
the electric power grid 20 and the load side thereof, in particular when there is a generation
deficit resulting from the accidental loss of a generator, the ESD 22 may be used to support the
electric power grid by eliminating or reducing the imbalance, over a certain period of time
which is largely dependent on the energy storage capacity of the ESD and the degree of
imbalance between the generation side and the load side. Note that the ESD can also support
the power grid in cases when there is the reverse imbalance; the generation side exceeds the
load side. In those circumstances the ESD can be used to take up at least some of the excess

energy available in the power grid.

To this end, in this embodiment, the energy conversion system 24 may be adapted to convert
the energy stored in the ESD 22 into a form that may be injected into the electric power grid 20

to eliminate or reduce the imbalance that may exist between the generation side of the electric
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power grid 20 and the load side thereof. A controller 26 is provided to regulate the injection of

energy from the ESD 22 into the electric power grid 20 via the energy conversion system 24,

The energy conversion system 24 is coupled to the power grid through a suitable power
connection 21. The ESD 22 is in turn connected to the energy conversion system 24 such that
power can bi-directionally flow from the ESD 22 to the power grid 20. The controller 26 and the
energy conversion system 24 are connected via a data connection through which operational
commands or data are transferred. The controller 26 is software based and manages the

bidirectional energy transfer.

In a specific example of implementation, and with further reference to Figure 3, the ESD 22 is a
battery 30. Specifically, the battery 30 may be an electrical battery of any chemistry such as,
but not limited to, Lithium lon, Nickel Cadmium, Lead-Acid, Nickel Metal Hydride, Polysulfide
Bromide or any other suitable battery technology. In other examples of implementation, the
ESD 22 may be any other suitable energy storage technology such as a mechanical fly-wheel,
fuel cell, pumped water storage, compressed air or any other suitable chemical, mechanical,
electrical or electrochemical apparatus that is adapted to store energy. The ESD 22 may be a
stand-alone unit, which is designed for the purpose of supplying AC electric energy to the
electric power grid 20. Alternatively, the ESD 22 may be primarily designed to supply a dwelling
with electricity and feed the electric power grid 20 only where an excess of electrical energy is

available.

In the specific example of implementation where the ESD 22 is a battery, the energy conversion
system 24 is a charger/inverter 32. The charger/inverter 32 operates either as a charger or as
an inverter depending on the direction of energy flow. The charger/inverter 32 operates as a
charger by receiving AC power flow from the electric power grid 20 and converting the
incoming electrical energy from AC to DC. When the charger/inverter 32 operates as a charger,
the output may therefore be a rectified electrical energy flow, which for convenience is

referred to herein as DC, although in some cases the flow may not necessarily be a pure DC one
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as some ripples are likely to be present. The charger/inverter 32 also operates as an inverter by
receiving DC power flow generated by the battery 30 and converting it into AC form for

injection in the grid 20.

The controller 26 manages the operation of the charger/inverter 32 via the data
communication line 33. The controller 26 also receives at an input 35 information on a
characteristic of the electrical energy in the power grid which is indicative of the state of
equilibrium between the generation side and the load side. In a specific example of
implementation, the input 35 senses the frequency of the electrical energy in the power grid.
Practically, the input can be designed to sense the frequency at the power connections 21
between the charger/inverter 32 and the power grid 20. Alternatively, the input 35 can be

connected to the charger/inverter 32 where the frequency information is also available.

The controller 26 is also connected to a central office 34 via a distinct data communication

channel.

In the example illustrated in Figure 3, the data communication lines are separate from the
electrical power grid 20. The data communication lines may be wireless or wired, such as but
not limited to in the case of Internet, GSM communications and the likes. In other examples,
data may also be communicated directly via the electric power grid 20, specifically via
frequency encoded messages accomplished by varying a frequency of the AC supply from the
electric power grid 20. An example of this approach is notably described in Canadian Patent No.

2,778,345.

With further reference to Figure 4, the controller 26 is computer-based, including a machine-
readable storage encoded with software for execution by one or more CPUs. The software
defines logic, which determines how the charger/inverter 32 operates. Specifically, the
controller 26 has an input/output (I/O) interface 40, at least one CPU 44 and a machine-

readable storage, or memory, 44. The memory 44 is encoded with the software executed by
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the CPU 42. Signals representative of at least one AC characteristic of the electric energy into
the power grid 20, such as frequency are communicated to the controller 26 via the /0
interface 40. The I/O interface 40 reads the AC characteristic, digitizes it and makes it available
to the CPU 42 for processing. Similarly, data regarding a capacity of the battery 30 to inject
energy into the electric power grid 20 may be communicated to the controller 26 via the 1/0
interface 40. One non-limiting example of such capacity is the state-of-charge (SOC) of the
battery 30. The software is executed by the CPU 42 to process those inputs and direct the

operation of the charger/inverter 32 accordingly, as further discussed below.

LOCAL RESPONSE

In one embodiment, the action implemented by the controller 26 is local, that is based on the
state of equilibrium between the generation side of the electric power grid 20 and the load size
thereof. With further reference to Figure 5, a flow chart of the process implemented by the
controller 26 is shown. After the controller 26 is In an active state {(generally represented by a
“Start” condition at step 50), the logic of the controller 26 proceeds to step 52 in which at least
one AC characteristic of the electric energy into the power grid 20 is quantified to assess the
state of equilibrium between the generation side of the electric power grid 20 and the load size
thereof. In a preferred embodiment, one such AC characteristic of the electric energy is the
frequency thereof. The frequency is preferably measured locally of the battery 30. The
frequency may be measured directly at the power connection between the charger / inverter
32 or at a location that is not in the immediate vicinity of the battery 30 but still representative
of the frequency in the grid 20. In other embodiments, the frequency may also be measured
remotely (i.e., non-locally or not in the immediate vicinity of the battery 30) and communicated
to the controller 26 via a data communication line, however a response to the frequency

measurement is computed locally by the controller 26, as further discussed below.

The purpose of the frequency assessment is to detect an imbalance between the generation
side of the electric power grid 20 and the load side thereof, which is reflected by a frequency

deviation. Typically, the larger the frequency deviation the larger the imbalance is. The output
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of step 52 is thus a frequency value. Since the controller 26 performs digital data processing,
the frequency value is preferably generated in a digital format. Any suitable methodology may
be used to convert the AC analog waveform into digital frequency information. A possible
refinement is to perform several frequency measurements and to compound those
measurements into a single representative value, such as by averaging them. Specifically, the
controller 26 may be programmed to acquire over a predetermined period of time a frequency
measurement which is stored in the memory 44 of the controller 26. In a specific example a
frequency measurement can be made at every 100 ms interval, but this value can vary without
departing from the spirit of the invention. Generally, the measurement interval depends on the
processing speed of the CPU 42; the faster the CPU 42 and the system overall, the larger the
number of frequency measurements in a given time period. The controller 26 may also be

programmed to compute a rate of frequency variation versus time, as further discussed below.

The frequency measurement may be done by computing the period of one or more consecutive
cycles of the AC voltage and deriving from the period information the fundamental frequency.
When the frequency is measured at each 100 ms, and assuming a 100 ms measurement
window, the system measures the period of at least one AC voltage cycle within that 100 ms

window.

The memory of the controller 26 may keep a certain number of frequency measurements. As a
new measurement of frequency becomes available, the measurement is stored in the memory
44 and the oldest measurement overwritten. All the frequency values that are stored in the
memory 44 are averaged as a new frequency measurement becomes available. The average
measurement smoothes out short term frequency variations that may not be representative of
the grid frequency stability, and therefore the state of balance between the generation side of

the electric power grid 20 and the load side thereof.

Note that instead of averaging the frequency measurements, other ways to blend this data into

asingle representative value exist without departing from the spirit of the invention.
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Thus, the output of the processing at step 52 is a compound frequency measurement on the
basis of which a response may be determined. The compound frequency measurement enables
the identification of a frequency deviation, which is characteristic of an imbalance between the
generation side of the electric power grid 20, and the load side thereof. The controller 26
implements decision logic based on the compounded frequency measurement in order to
determine the appropriate response at step 54. Subsequently, the controller 26 may send a
corresponding command to the charger/inverter 32 (via control signals, for example) as

represented by step 56 to be described later.

Step 54 of the process thus uses the compounded frequency measurement as an input in
determining the response required. In instances where the electric power grid 20 is stable and
the frequency is within a nominal acceptable range the processing at step 54 determines that
no response is necessary and no further action takes place, unless a remote command triggers
an ancillary service, as further discussed below. This processing loop repeats constantly to
provide a continuous monitoring of the grid frequency stability. However when the
compounded frequency reflects a degree of grid frequency instability, step 54 invokes a

response.

The main purpose of the response is to inject electrical energy from the battery 30 into the
electric power grid 20 to eliminate or reduce the imbalance between the generation side of the
electric power grid 20 and the load side thereof. It is advantageous to eliminate or reduce the
imbalance as quickly as possible in order to stabilize the frequency of the AC supply. From that

perspective, a fast system response is a desirable attribute.

In this example, the battery 30 outputs DC voltage. The charger / inverter 32 converts the DC
voltage into AC voltage that is synchronized with the AC waveform in the electric power grid 20.
The charger / inverter 32 also regulates the energy flow into the electric power grid 20 via the

command sent by the controller 26 at step 56 by adjusting the AC voltage impressed at the

10
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power connections between the charger / inverter 32 and the electric power grid 20; the higher
the RMS voltage the higher the rate of energy transfer from the battery 30 to the electric

power grid 20.

Note that for applications where the energy storage device is other than a battery, the energy
storage device may generate electrical energy in AC form, rather than in DC form, however for
those applications a suitable conversion will be made. For instance, fly-wheels, which are
rotating devices, generate an AC output that will be rectified into a stable DC form and in turn
will be converted into AC form with a phase and frequency suitable for injection into the grid

20.

The degree of injection, or specifically the injection rate, of electrical energy from the battery
30 into the electric power grid 20 may be related to the severity of the frequency deviation. The
larger the deviation, the more significant the injection rate of electrical energy will be. The
specific relationship between the frequency deviation and the degree of injection of electrical

energy can be linear or nonlinear.

It is appreciated that when a large number of energy storage devices are installed in the
electrical network, each of them responds independently to the frequency deviation. However,
since the responses are coherent and predictable they all add up to a combined injection of

electrical energy in the electric power grid 20 that has a grid-wide effect.

Figure 6 is a graph depicting several specific examples of injection of electrical energy in
relation to the frequency deviation. In a first example, which is effective when the AC frequency
is reduced as aresult of a loss of a power generation unit, the response is represented by a line
of constant slope (slope 1) which establishes a linear relationship between the frequency of the
electric power grid 20 and the injection rate of electrical energy from the battery 30 into the
electric power grid 20. Operation point A occurs at a rated frequency of 60 Hz however, when

the frequency is decreasing below the rated value to a point at which a frequency deviation is

11
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considered to be occurring, the injection rate of electrical energy from the battery 30 into the
electric power grid 20 is increased proportionally to the frequency deviation. The rate at which
the injection is increased in relation to the frequency can be set to any desired value. For
example, in the embodiment shown in Figure 6, a frequency drop of 5% (3Hz) will result in the
battery 30 injecting electrical energy into the electric power grid 20 at 100% of the rate the
battery 30 can safely provide. The value of this slope therefore corresponds to the frequency
variation (in percentage) that creates a variation of the injection rate of electrical energy from

the battery 30 into the electric power grid 20 of 100%.

The example described earlier in relation to Figure 6 is based on a linear relationship between
frequency and injection rate. Alternatively, the relationship may also be non-linear as shown
with slope 2 in Figure 6. The non-linear function has the advantage of providing a more

aggressive injection rate effect with increasing frequency drop.

In some embodiments, a deadband may be implemented where no injection rate takes place as
long as frequency variations are within the deadband boundaries. The deadband spread may be
set on the basis of a frequency variation window within which frequency variations occur but
are considered normal. In cther words, as long as the frequency remains within that frequency
variation window the frequency of the power grid is considered to be stable and no frequency
deviation is occurring. A frequency instability occurs when the frequency exceeds the window
boundaries. In a non-limiting example, a nominal AC frequency may be at 60 Hz, and a
frequency variation window centered on the 60 Hz with a spread of £0.1 Hz. This means that as
long as the AC frequency remains within that window, it is considered stable and it will not
trigger any response. However, a variation in frequency outside the range of 0.1 Hz from the
operation point at 60 Hz will cause the controller 26 to increase or decrease the injection rate

accordingly.

Figure 7 is a graph depicting several specific examples of injection of electrical energy in

relation to the rate of frequency deviation. Mare specifically, the response is represented by a

12
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line of constant slope {(slope 1), which establishes a linear relationship between the rate of
variation of the frequency versus the injection rate of electrical energy from the battery 30 to
the electric power grid 20. Operation point A occurs at a rated frequency of 0 Hz/sec (frequency
does not vary) when the injection rate is 0%. However, when the frequency rate of variation
versus time is decreasing below the rated value to a point at which a frequency deviation is
considered to be occurring, the injection rate is increased proportionally to the frequency rate
of variation versus time. The rate at which the injection rate is increased in relation to the
frequency rate of variation versus time is determined on the basis of the measured rate of
frequency variation versus time; the higher this rate the higher the rate at which the injection

rate is increased.

In the representation of figure 7 a zero slope would trigger an instant 100% injection rate of
electrical energy into the electric power grid 20 so the lower the slope, the more aggressive the
response is. In that example, a slope of -0.5Hz/sec will trigger an injection rate of 100% when
the rate of frequency decrease is of -0.5Hz/sec or higher. In other words, the injection by the
battery 30 will begin at any deviation from 0 Hz/sec and reach a 100% injection rate at about -

0.5 Hz/sec. Preferably this range could be from about —0.05Hz/sec to about -0.1Hz/sec.

While the relationship between the rate of variation of the frequency versus the injection rate
of electrical energy from the battery 30 is linear in Figure 7, non-linear relationships are also
possible. The non-linear function has the advantage of providing a more aggressive response

with increasing frequency deviation.

In this instance, and with further reference to Figure 8, the rate of variation of the frequency
versus time determines the degree of aggressiveness of the injection rate of electrical energy
from the battery 30 into the electrical power grid 30. Figure 8 shows three different response

curves 1, 2 and 3, which are associated with different rates of frequency variation versus time.
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A deadband may also be implemented where no injection takes place as long as the rate of

frequency variation versus time is with the deadband boundaries, as discussed above.

Yet another possible response is shown in Figure 9 in which the response is binary. More
specifically, as soon as the frequency is outside the deadband (i.e., as soon as a frequency
deviation is considered to be occurring), the injection rate is set to 100%. This binary strategy
can be used on its own or in combination with the strategies described earlier. When used
alone, the controller 26 does not modulate the injection rate of electric energy into the electric
power grid 20 and therefore solely provides protection against severe frequency deviations.
The response is thus triggered when the rate of frequency variation versus time exceeds a
threshold that is indicative of a serious imbalance between the generation side of the electric

power grid 20 and the load side thereof.

Instead of using a rate of frequency variation versus time as a basis for determining the
appropriate response, the acceleration of the frequency variation could be used, which
provides yet another order of prediction of the frequency deviation. A response based on the
acceleration of the frequency variation can be implemented in a similar way to the response
based on the rate of frequency variation versus time. More specifically, the acceleration of the
frequency variation versus time is computed by the controller 26 taking a second order
derivative of the frequency versus time and loop-up tables or an algorithm used to derive the

appropriate injection rate.

The examples of responses described above provide an adaptive response to the severity of
frequency deviation and can this protect the electric power grid 20 from collapsing events
when large power generation deficits occur or when the inertia of the electric power grid 20 is
low. Since the response notably uses as a factor the rate of frequency variation, hence it is
forward looking and not just responsive to the instant conditions, it can adapt the response

such that the injection rate is higher than the rate of frequency variation as it exists
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immediately following the occurrence of the imbalance, and that will continue without

reduction if nosuch injection would occur.

REMOTE COMMANDS

In a preferred embodiment, the controller 26 is capable to establish a local response to address
certain grid events, and in addition can also implement remote commands sent from a remote
location, such as a central office 34 via a data communication line. These remote commands
generally are not responsive to events currently occurring in the electric power grid 20.
Therefore, by opposition to the local response based on the frequency of electrical energy
transmitted into the electrical power grid 30 which is reactive in nature, the remote commands
from the central office 34 are preventive in nature and designed to put the electric power grid
30 in a condition that is best suited to handle certain conditions which are expected to occur in
the future. An exception to this rule is the ancillary service providing frequency regulation for
large grids or interconnected ones, where the inertia of the grid is vast and the occasional loss
of a power generation unit will trigger a frequency decline but that decline is slow and does not
require an immediate response as in the case of a small grid with limited inertia. Accordingly,
the ancillary service relating to frequency regulation is one which would effectively be

performed to respond to a condition of the grid.

The controller includes logic to handle the interplay between a local response and remote
commands. With further reference to Figure 10, a process for managing both local responses
and remote commands is described. After the state of equilibrium between the generation side
of the electric power grid 20 and the load size thereof has been determined, as described
above, a decision is made by the controller 26 as to whether a local response is required. If a
local response is required, the local response is then implemented by the controller 26. In
parallel, remote commands sent by the central office 34 may be received by the controller 26
or may be currently implemented. In a specific example of implementation, if a local response

is not required the remote commands will be implemented by the controller 26. The local

15



CA 03051063 2019-06-27

WO 2018/148835 PCT/CA2018/050174

response, when required, therefore overrides the remote commands. If a remote command is
currently being implemented and the controller 26 senses grid conditions that require a local
response, then execution of the remote command is interrupted such that the local response

can be implemented.

The remote commands may have a structure comprising a set of parameters that define what
the energy storage device has to perform. In a non-limiting embodiment, the parameters may

comprise a start time of the desired action, the type of action and an end time of the action.

The start time of the action indicates if the action is to be implemented immediately or at some
specific future time. The type of action will typically indicate the injection rate of electrical
energy into the electrical power grid 20 and whether the injection rate is constant or variable.
The end time indicates a specific time at which the action is to terminate or after certain locally-

measured condition have been met.

In this embodiment, the remote commands sent by the central office 34 may be used to deliver

ancillary services that cannot be provided by the local response, as further discussed below.

In one non-limiting embodiment, the ancillary service may be a “stand-by” reserve. Essentially,
the remote command specifies that the power grid 20 will require availability of reserves and
will therefore ‘reserve’ the energy storage device for a certain period of time. The remote
“stand-by’ reserve command will typically define the stand-by window by defining the start
time and end time, which may be of a duration of 10 minutes, 30 minutes or other. The
controller 26 therefore will keep the energy storage device available during that stand-by
window. To access the reserve capacity provided by the energy storage device during the

stand-by window, an additional remote command is sent to trigger the energy injection into the
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grid. A remote command requesting the “stand-by” reserve may also include parameters such
as the amount of energy that is put on stand-by and also a rate of injection of the energy into
the power grid. Alternatively the rate of injection and/or the start of the injection may be
computed locally, on the basis of the grid frequency measurement. Under this approach, the
energy storage device is put on stand-by via a remote command but a local condition triggers

the execution, which essentially becomes at that point a local response.

In another non-limiting embodiment, the ancillary service may be “peak shaving”. Essentially,
the load on the electric power grid 20 is reduced when the load during peak demand times
exceeds the generation capacity of the electric power grid 20. The remote command specifies a
period over which the load on the electric power grid 20 should be reduced, which may be a
duration of hours during peak demand times, and may also include parameters such as a
variation of the rate of injection of energy into the electric power grid 20 to increase generation

which effectively acts as a load reduction action.

In ancther non-limiting embodiment, the ancillary service may be “ramping”. Essentially, the
remote command modulates the energy consumption (i.e., the load) of the electric power grid
20 over long periods of time to counterbalance expected variations of energy generation in the
electric power grid 20. The remote command will typically define the length of the modulation
which may be of a duration of several hours and may also include parameters such as a

variation of the rate of injection of energy into the electric power grid 20 over the duration.

In another non-limiting embodiment, the ancillary service may be a frequency regulation.
Frequency regulation is suitable when the electric power grid 20 is large and meshed, in which
case the inertia of the electric power grid 20 is large. Frequency regulation may therefore be
useful to respond to frequency deviation events that will not have an immediate impact on the

electric power grid 20 due to its large inertia. The frequency regulation is “conventional”, that is
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an operator in the central office 34 manually sends a remote command via the data
communication line to the controller 26 to control the rate of injection of the electrical energy

into the electric power grid 20 and therefore adjust the load on the electric power grid 20.

The ancillary service may be any other suitable ancillary service in other embodiments.

POST-LOCAL RESPONSE BEHAVIOR

After the local response has been implemented, the controller 26 notifies the central office 34
of the event via the data communication line. The controller may notably communicate
information (or post-event information when a frequency deviation event has occurred) that
can be saved as a historical pattern within the memory 44 of the controller 26 or directly at the
central office 34. The information communicated enables the central office 34 to assess the

performance of the population of the energy storage devices installed in the grid.

The information communicated may notably comprise an amount of energy injected into the
electric power grid 20 (in MWatts) and the SOC of the battery 30 or an equivalent parameter
which represents the remaining capacity of the battery 30 to further inject electrical energy

into the electrical power grid 20.

In a non-limiting embodiment, the tasks of distinct ESDs may be redistributed according to the
local response that one or more of those ESD provided. With further reference to Figures 11
and 12, an electric power grid 20 connected to four ESDs 1110, 1120, 1130 and 1140 is shown.
A flow chart of the process implemented by the central office, which typically is the
management center of power grid 20 is also shown. After the central office controller is in an

active state (generally represented by a “Start” condition at step 1200), the logic of the central
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office controller proceeds to step 1202 in which the central office 34 assign specific remote
commands to each one of the ESDs 1110, 1120, 1130 and 1140. For example, the ESDs 1110
and 1120 may be assigned a task of providing stand-by reserve capacity for 30 minutes at a
future time, while the ESDs 1130 and 1140 may remain idle. In a next step 1204 a frequency
deviation occurs that is characteristic of an imbalance between the generation side of the
electric power grid 20 and the load size thereof. The central office controller receives post-
event information from each one of the ESDs 1110, 1120, 1130 and 1140 at step 1206 and re-
assesses the tasks of each one of the ESDs 1110, 1120, 1130 and 1140 at step 1208 based on
the post-event information received at step 1206. For example, after the under-frequency
event, the central office controller may determine that the local response performed by the
ESDs 1110 and 1120 has depleted the respective batteries to a point they cannot provide
anymore the standby reserve capacity of 30 minutes, the central office controller will re-assign
the stand-by reserve capacity commands, assuming the other ESDs 1130 and 1140 have an SOC
sufficient to provide the desired stand-by reserve capacity. In this specific example, the central
office controller will send a remote command to the ESDs to cancel the stand-by reserve
capacity earlier command and send a remote command to the ESDs to request availability in

order to provide the reserve capacity.

More generally the step 1208 is performed by logic that determines if the ESDs are in a
condition to carry out the remote commands that have been attributed to them pre-event.
That determination is done in large part by observing the residual SOC of each ESD and
comparing it to an estimate of the energy requirement to comply with the previously issued
remote command. In the event, the residual energy capacity of a particular ESD is not sufficient
to comply with the remote command, the central office controller will re-task the remote
commands, to the extent another ESD has more energy available. The re-tasking operation may
involve, for instance, a task switch where a command that carries a lower energy requirement

is directed to the ESD that has the lower SOC, assuming of course it is still sufficient to comply
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with the command, and the command that has a high energy requirement is directed to the

ESD that has a comparatively high SOC.

PARTITIONING BATTERY CAPACITY

Instead of using a hierarchal approach to the operation of the energy storage device, where a
grid event triggers a local response that will interrupt or postpone the execution of a remote
command, the battery capacity can be partitioned such as to reserve capacity for different
events or commands. In a non-limiting embodiment, and with further reference to Figure 13,
the memory 44 of the controller 26 contains data which represents multiple zones that may be
virtually depleted, from a standpoint of the SOC of the ESD 22 / battery 30, each associated
with a particular remote command/local response. In this non-limiting example, 30% of the
capacity is attributed to the “local” response, 25% is attributed to a first remote command, 25%
is attributed to a second remote command and 20% is attributed to a third remote command.
The advantage of this arrangement is that the energy storage device can perform a local

response and simultaneously execute a remote command.

The controller 26 performs an accounting operation when energy is injected into the power grid
20 and allocates the withdrawn energy from the appropriate zone. For example, if a first
remote command is executed, say providing a stand by reserve capacity which corresponds to
the zone associated with the first command, and assuming the required stand by reserve
corresponds to the entire 25% battery capacity, then the controller 26 will not allow the SOC of
the battery to drop below a level that is less than 25% of the overall capacity. Accordingly, if a
local response is required during the time the stand by reserve capacity is called, the amount of
electrical energy injected into the grid to provide the local response will not exceed 30% of the

overall battery capacity. In this fashion, the energy storage device can multitask.

20



CA 03051063 2019-06-27

WO 2018/148835 PCT/CA2018/050174

The battery capacity allocation can be re-programmed either by the local controller 26 or as a
result of a command send by the central office 34. There may be instances where it may be
more advantageous to allocate a larger segment of the battery capacity for local response

rather than to a remote command.

When 100% of the SOC has been depleted, the controller 26 notifies the central office 34 that
no more electrical energy may be injected into the electrical power grid 20 by the ESD 22 /
battery 30. While the local response may not be executed at the same time as the remote
commands, the three remote commands could be executed concurrently. The remote

command may also reprogram the memory 44 of the controller 26.
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CLAIMS:

1. A control system for an electric energy storage arrangement for use in an AC power
distribution network characterized by a dynamic state of balance between power
generation and load, the control system comprising:

a. an input configured for:

i. receiving a remote command from a remote entity directing the energy
storage arrangement to perform an ancillary service;

ii. receivinga signal conveying a characteristic of an electrical energy supplied
by the AC power distribution network, the characteristic being observable
at a power connection interface between the electric energy storage
arrangement and the AC power distribution network;

b. an output configured for outputting signals to control an injection of electrical
energy from the energy storage arrangement into the AC power distribution
network;

c. non-transitory storage medium encoded with software for execution by one or
more CPUs, implementing control logic configured for:

i. in response to the remote command received from the remote entity
when the AC power distribution network is in a state of equilibrium
between power generation and load, the control logic directing the energy
storage arrangement to execute the ancillary service, including generating
output signals through the output causing the energy storage arrangement
to inject a flow of electrical energy into the AC power distribution network
at a first level corresponding to execution of the ancillary service;

ii. sensing the characteristic of the electrical energy to detect a power
generation deficit occurring in the AC power distribution network after
reception of the command from the remote entity, at the power
connection interface between the electric energy storage arrangement

and the AC power distribution network;
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iii. in response to detection of the power generation deficit the control logic
directing the energy storage arrangement to execute a local response
while the ancillary service is being executed, including generating output
signals to cause the energy storage arrangement to increase the flow of
electrical energy into the AC power distribution network at a second level
corresponding to concurrent execution of the local response and the
ancillary service, wherein the local response is configured to lessen the
power generation deficit in the AC power distribution network;

iv. sensing the characteristic of the electrical energy to detect an ending of
the power generation deficit;

v. inresponse to detection of the ending of the power generation deficit the
control logic directing the energy storage arrangement to stop execution
of the local response and continue execution of the ancillary service
including generating output signals to cause the energy storage
arrangement to reduce the flow of electrical energy into the AC power

distribution network from the second level to the first level.

2. A control system as defined in claim 1, wherein the electrical storage arrangement

includes a battery.

3. A control system according to any one of claims 1 to 2, including a sensor configured for
sensing the characteristic of the electrical energy and for outputting the signal conveying

the characteristic of the electrical energy.

4. A control system as defined in claim 3, wherein the characteristic of the electrical energy

is a frequency of the electrical energy.

5. A control system as defined in claim 4, wherein the software is configured to derive from

the frequency a magnitude of the power generation deficit.
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6. A control system as defined in claim 5, wherein the local response includes modulating
the injection of electrical energy from the energy storage arrangement into the AC power

distribution network according to the magnitude of the power generation deficit.

7. A control system according to any one of claims 1 to 6, wherein the software, after
termination of the power generation deficit is configured for determining a residual level

of charge in the electrical storage arrangement.

8. A control system according to any one of claims 1 to 7, wherein a rate of injection of
electrical energy into the AC power distribution network associated with the ancillary

service varies over time.

9. A control system according to any one of claims 1 to 7, wherein the ancillary service is a

“stand-by” reserve.

10. A control system as defined in claim 9, wherein the remote command associated with the

“stand-by” reserve conveys time information.

11. A control system as defined in claim 10, wherein the time information indicates a start

time for the “stand-by” reserve.

12. A control system as defined in claim 11, wherein the time information indicates an end

time of the “stand-by” reserve.

13. A control system according to any one of claims 1 to 7, wherein the ancillary service is

“peak shaving”.

14. A control system as defined in anyone of claims 1 to 7, wherein the remote command
conveys a variation of a rate of injection of electrical energy in the AC power distribution

network to be implemented during execution of the ancillary service.
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15. A control system according to any one of claims 1 to 7, wherein the ancillary service is

“ramping”.

16. A control system as according to any one of claims 1 to 7, wherein the remote command

conveys a duration during which the ancillary service is to be provided.

17. A method for controlling an electric energy storage arrangement for use in an AC power
distribution network characterized by a dynamic state of balance between power
generation and load, the method comprising:

a. in response to a remote command received at an input of a control system
transmitted from a remote entity when the AC power distribution network is in a
state of equilibrium between power generation and load, directing the energy
storage arrangement to execute an ancillary service, including generating control
signals for causing the energy storage arrangement to inject a flow of electrical
energy into the AC power distribution network at a first level corresponding to
execution of the ancillary service;

b. sensing a characteristic of the electrical energy to detect a power generation
deficit occurring in the AC power distribution network after reception of the
command from the remote entity, at a power connection interface between the
electric energy storage arrangement and the AC power distribution arrangement;

c. in response to detection of the power generation deficit directing the energy
storage arrangement to execute a local response while the ancillary service is
being executed, including generating control signals for causing the energy
storage arrangement to increase the flow of electrical energy into the AC power
distribution network to a second level corresponding to concurrent execution of
the local response and the ancillary service, wherein the local response is
configured to lessen the power generation deficit in the AC power distribution
network;

d. sensingthe characteristic of the electrical energy to detect an ending of the power

generation deficit;
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18.

19.

20.

21.

22,

23.

24,

25,

e. inresponse to detection of the ending of the power generation deficit directing
the energy storage arrangement to stop execution of the local response and
continue execution of the ancillary service, including generating control signals to
cause the energy storage arrangement to reduce the flow of electrical energy into

the AC power distribution network from the second level to the first level.

A method as defined in claim 17, wherein the electrical storage arrangement includes a

battery.

A method according to any one of claims 17 to 18, including providing a sensor configured

for sensing the characteristic of the electrical energy.

A method as defined in claim 19, wherein the characteristic of the electrical energy is a

frequency of the electrical energy.

A method as defined in claim 20, including deriving from the frequency a magnitude of

the power generation deficit.

A method as defined in claim 21, including executing the local response by modulating
the injection of electrical energy from the energy storage arrangement into the AC power

distribution network according to the magnitude of the power generation deficit.

A method according to any one of claims 17 to 22, includes varying a rate of injection of
electrical energy into the AC power distribution over time during execution of the

ancillary service.

A method according to any one of claims 17 to 22, wherein the ancillary service is a

“stand-by” reserve.

A method as defined in claim 24, wherein the remote command associated with the

“stand-by” reserve conveys time information.
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26. A method as defined in claim 25, wherein the time information indicates a start time for

the “stand-by” reserve.

27. A method as defined in claim 26, wherein the time information indicates an end time of

the “stand-by” reserve.

28. A method according to any one of claims 17 to 22, wherein the ancillary service is “peak

shaving”.

29. A method according to any one of claims 17 to 22, wherein the ancillary service is

“ramping”.

30. A method according to any one of claims 17 to 22, wherein the remote command conveys

a duration during which the ancillary service is to be provided.
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