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(57) Abstract: A power system for providing a
grid service to a power grid, said power system
comprising: an energy resource controller (ERC)
adapted to monitor a state of charge (SOC) of at
least one energy storage device (ESD), wherein
said energy resource controller (ERC) adjusts in a
normal operation mode (NM) a power supplied by
the energy storage device (ESD) to said power grid
(PG) or a power received by the energy storage
device (ESD) from said power grid (PG) in re-
sponse to grid parameters or remotely generated
control signals to stabilize said power grid (PG),
wherein it the monitored state of charge (SOC) of
said energy storage device (ESD) exceeds an upper
state of charge limit (SOC-H) the energy resource
controller (ERC) connects in a power absorption
mode (PAM) a power absorbing load (PAL) to
said power grid as long as the grid parameters or
remotely generated control signals indicate that
power is to be removed from said power grid (PG).
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Description

Power system for providing a grid service to a power grid

The invention relates to an apparatus and a method for
providing a grid service to a power grid. A power grid or a
power supply grid supplies consumers with electrical power.
These consumers can be located in distributed buildings where
electrical devices such as washing machines or refrigerators
consume electrical power as loads. Homes or buildings can
comprise an inhouse grid which is connected to a local
distribution grid which in turn can be connected to a
transmission grid of the power grid. In addition to the
consuming entities consuming electrical power, the use of
distributed power sources and energy storage devices
increases significantly. Energy storage devices can be formed
by electrical storage devices which are adapted to store
electrical energy by storing electrical charges in a battery
or accumulator. Energy storage devices can also be formed by
charge storage devices such as capacitors or electrochemical
storage devices such as accumulators or batteries. Moreover,
energy storage devices can be formed by mechanical storage
devices such as rotating masses. All energy storage devices
outlined above can be implemented in a geographically

distributed way.

The public power grid supplies alternating electrical
currents to the consumers. The power grid must comply with
predetermined requirements such as target frequencies of the
alternating current distributed by the power grid. The
frequency of the alternating current within the power grid
can be different for different states or countries. For
instance, in Germany the basic frequency of the voltage
provided by the public power grid is 50Hz, whereas in the USA
it is 60Hz. The equipment connected to the power grid is
normally unable to operate under significant deviations from
the target fregquency. For example, transmission system

operators in Europe contract equipment operators to commence
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stabilization measures as soon as the grid frequency of the
power grid deviates by more than 0.01Hz from the target
frequency of 50Hz. Accordingly, it is necessary to provide
grid services to the power grid where stabilization measures
are required. These stabilization measures either add power
to the grid or remove power from the grid in order to
stabilize the frequency of the power grid. In a conventional
power system, this is achieved by adjusting the power output
of power generation units operating below their maximum power
output capability, or by deploying various forms of energy
storage devices including pumped hydro power plants,
accumulators/batteries or flywheels. Further, it has been
proposed to control the heating of residential homes that

consume power.

Electrical storage devices, such as capacitors, store energy
by separation of electrical charges. Electrochemical storage
devices, in particular batteries or accumulators,
additionally store energy by separation of materials with
different electrode potentials. Mechanical storage devices
store energy by elevation of mass in a gravitational field,
mechanical compression or, in the case of a spring,
mechanical extension, or rotational energy (so called
Flywheel). All energy storage device comprise a maximum
storage capacity or a maximum state of charge SOC,.x, either
determined by the characteristics of the underlying process
and the materials used therein, or determined by
characteristics of the implementation, such as the type and
quality of membranes in batteries. The current state of
charge of an electrochemical storage device is the amount of
energy which can be drawn from the battery and can be
indicated as a percentage of the maximum state of charge of
the respective battery. The maximum state of charge of any
battery deteriorates with use, i.e. charging and discharging,
of the battery. The end of life of a battery is thus
frequently defined in terms of a minimal maximum state of
charge, although this end-of-life condition can also be

chosen in terms of other performance characteristics of the
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battery, such as the internal resistance. In general,
charging a battery whose state of charge is close to the
maximum state of charge will bring about more deterioration
of the battery than the same charging at lower states of
charge. Furthermore, the maximum power output of a battery at
a state of charge which is close to the minimum state of
charge is lower than the maximum power output at higher
states of charge, and will at a certain state of charge be
insufficient to satisfy the requirements of the application
in which the battery is deployed. Similar rules govern all
other forms of energy storage. Therefore, for any combination
of an energy storage device and an application, a lower
state of charge limit SOC-L and an upper state of charge
limit SOC-H is defined. If the charge stored in the energy
storage device exceeds the upper state of charge limit SOC-H
of the respective energy storage device, the lifespan or
possible operation time of the energy storage device is
reduced to an commercially unacceptable extent. Further, if
the charge drops beneath the lower state of charge limit SOC-
L of the respective energy storage device, the storage device
will not be able to satisfy the requirements of the
application in which the storage device is deployed.
Accordingly, an energy storage device should be operated in a
state of charge range between the upper state of charge limit
SOC-H and the lower state of charge limit SOC-L.

An energy storage device ESD is normally controlled by an
energy resource controller ERC which can be connected via a
communication device or communication interface and a
communication link to a remote, central or distributed
control unit of the power supply grid. If the state of charge
of the energy storage device controlled by the energy
resource controller exceeds the upper state of charge limit
SOC-H the energy resource controller can send a signal to the
control unit that excessive electrical energy is locally
available and can be provided to other users or facilities
connected to the power grid. The excessive electrical energy

of the energy storage device can then be provided to other
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consumers or storage devices to reduce the state of charge of
the resgspective energy storage device such that it falls
beneath the upper state of charge limit SOC-H of the energy
storage device. However, in such a conventional system, there
can be a significant time delay until the exceeding
electrical power in the energy storage device can be supplied
to other consumers. Because of this time delay, it can happen
that the state of charge SOC of the energy storage device
still increases during the delay time and can exceed even the
maximum state of charge S0C,.x 0f the respective energy
storage device. In this case, the energy storage device can
be severely damaged or even destroyed. Moreover, as long as
the state of charge of the energy storage device exceeds the
upper state of charge limit SOC-H, the energy storage device
is in a state where its operation lifespan is diminished by
additional charging. It is also possible in a conventional
system that the communication link connecting the
communication interface of the energy resource controller
with the control unit is interrupted or its bandwidth is
limited so that no reaction at all takes place and the state
of charge SOC of the energy storage devices can increase
until the energy storage device is severely damaged. In a
worst-case scenario where additional security measures are
not taken, a battery mistreated in such a fashion could even
start to overheat thus causing severe security problems in

the surrounding of the energy storage device.

Accordingly, there is a need for a method and apparatus for
providing a grid service to a power grid which overcomes the
above-mentioned problems and which in particular increases
the overall operation lifetime of energy storage devices used

by said power system.

The present invention provides according to a first aspect a

power system for providing a grid service to a power grid.
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According to the first aspect of the present invention a
power system for providing a grid service to a power grid is

provided, said power system comprising:

at least one energy storage device,

at least one power absorbing load,

an energy resource controller adapted to monitor the state of
charge of the at least one energy storage device and to
control the power output and input of the at least one energy
storage device and to control the power input of the at least

one power absorbing load.

In a possible embodiment of the power system for providing a
grid service to a power grid, the power system comprises

an energy resource controller adapted to monitor a state of
charge of at least one energy storage device,

wherein said energy resource controller adjusts in a normal
operation mode a power supplied by the energy storage device
to said power grid or a power received by the energy storage
device from said power grid in response to grid parameters or
to remotely generated control signals to stabilize said power
grid,

wherein if the monitored state of charge of said energy
storage device exceeds an upper state of charge limit the
energy resource controller connects in a power absorption
mode a power absorbing load which is either controllable
regarding its power absorption or has a fixed power
absorption to said power grid as long as the grid parameters
or remotely generated control signals indicate that power is

to be removed from said power grid.

The provision of the power absorbing load avoids an excessive
loading of the energy storage device thus increasing its
operation life time. Moreover, a destruction of the storage

device resulting from overloading is prohibited.

In a possible embodiment of the power system according to the

first aspect of the present invention, if the monitored state
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of charge of said energy storage device drops below a lower
state of charge limit the energy resource controller is
adapted to control in a recharging operation mode a
recharging of said energy storage device until the lower
state of charge limit is reached by said energy storage

device.

The provision of the recharging operation mode has the
advantage that an excessive discharging of the energy storage
device is avoided thus increasing the operation life time of

the energy storage device.

In a further possible embodiment of the power system
according to the first aspect of the present invention, if a
required rate of power to be removed from said power grid
within a predetermined time period as indicated by said grid
parameters or said remotely generated control signals exceeds
a maximum admissible power input rate of said energy storage
device the energy resource controller is adapted to control
in a protective operation mode a charging of said energy
storage device such that a rate of power input to said energy
storage device either

corresponds to the admissible maximum power input rate of
said energy storage device by adjusting the rate of power
absorbed by said controllable power absorbing load to balance
the difference between the required rate of power and the
admissible maximum power input rate of said energy storage
device or

is below the admissible maximum power input rate of said
energy storage device by connecting the power absorbing load
with a fixed power absorption to the power supply grid and
reducing the power absorption of the energy storage device by

the power absorption of the power absorbing load.

The provision of the protective operation load has the
advantage that a too fast charging of the energy storage
device is avoided thus increasing the operation life time of

the energy storage device.
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In a further possible embodiment of the power system
according to the first aspect of the present invention, the

power absorbing load comprises a thermal load.

The use of the thermal load allows to store also thermal

energy.

In a further possible embodiment of the power system
according to the first aspect of the present invention, the

power absorbing load comprises an electrical load.

The use of an electrical load has the advantage that it is
possible to store electrical energy which in turn can be

transformed easily in other energy forms.

In a still further possible embodiment of the power system
according to the first aspect of the present invention, the
energy resource controller is connected to a local grid

parameter measurement device to receive grid parameters of

said power grid.

The use of a local grid parameter measurement device offers
the advantage that there are no connection requirements to

external devices.

In a further possible embodiment of the power system
according to the first aspect of the present invention, the
energy resource controller is connected to a communication
device to receive grid parameters and/or control limits
and/or control parameters via a communication link from a

distributed or central control unit of said power grid.

This has the advantage that the coordination with other

energy resource controllers of other users can be improved.

In a still further possible embodiment of the power system

according to the first aspect of the present invention, the
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power absorbing load is controlled by said energy resource

controller.

The direct control of the power absorbing load by a local
energy resource controller has the advantages that no
communication with an external unit, in particular with a

remote control unit, is necessary.

In a still further possible embodiment of the power system
according to the first aspect of the present invention, the

power absorbing load is controlled by said control unit.

The control of the power absorbing load by the control unit
has the advantage that the processing load of the energy

resource controller is reduced.

In a further possible embodiment of the power system
according to the first aspect of the present invention, a
thermal storage device is attached via a thermal connection
to the thermal load.

The use of the thermal storage device in the power system has
the advantage that not only electrical power but also thermal

power can be stored.

In a further possible embodiment of the power system
according to the first aspect of the present invention, the
thermal storage device comprises a stone, a bulk metal, a

phase change material and/or a water bath.

The use of stone, metal or phase change material has the
advantage that these materials comprise a high specific heat

per volume so that much thermal energy can be stored.

The use of water as the thermal storage device has the
advantage that it is easily available and the heated water
can be supplied directly to another technical system, for

instance to a heating system of a residential home.
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In a still further possible embodiment of the power system
according to the first aspect of the present invention, a
thermal dissipation device is provided to adjust a heat
dissipating rate of heat dissipating from said thermal

storage device.

By using a thermal dissipation device the temperature
surrounding the energy storage device can be either increased
or diminished depending on the environment. By adjusting the
temperature to a predetermined set temperature the operation

life time of the energy storage device can be increased.

In a still further possible embodiment of the power system
according to the first aspect of the present invention, the
thermal dissipation device is a controllable thermal
dissipation device controlled by said energy resource

controller.

In a further possible embodiment of the power system
according to the first aspect of the present invention, the
controllable thermal dissipation device comprises a

controllable fan.

In a still further possible embodiment of the power system
according to the first aspect of the present invention, the
electrical load comprises a heat pump device and/or a

refrigeration device.

In a still further possible embodiment of the power system
according to the first aspect of the present invention, the

thermal load comprises an electrical resistor.

In a still further possible embodiment of the power system
according to the first aspect of the present invention, the
energy storage device comprises an electrical storage device

adapted to store electrical power.
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In a still further possible embodiment of the power system
according to the first aspect of the present invention, the
energy storage device i1s connected via an AC/DC converter to

a grid connection of said power grid.

In a still further possible embodiment of the power system
according to the first aspect of the present invention, the
power absorbing load is connected via a first switch

controlled by said energy resource controller to said grid

connection of said power grid.

In a still further possible embodiment of the power system
according to the first aspect of the present invention, the
energy storage device is connected via a second switch
controlled by said energy resource controller to a grid

connection of the power grid.

In a further possible embodiment of the power system
according to the first aspect of the present invention, the
energy resource controller is connected to a battery
management system monitoring operation parameters of said at

least one energy storage device.

The invention further provides according to a second aspect a

method for providing a grid service to a power grid.

According to a possible embodiment of the method for
providing a grid service to a power grid according to the
second aspect of the present invention, the method comprises
the steps of:

monitoring a state of charge of at least one energy storage
device connected to said power grid, and

adjusting in a normal operation mode a power supplied by the
energy storage device to said power grid or received by the
energy storage device from the power grid in response to grid
parameters or remotely generated control signals to stabilize

said power grid and
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connecting in a power absorption mode at least one power
absorbing load to said power grid if the monitored state of
charge of the energy storage device exceeds an upper state of
charge limit as long as the grid parameters or remotely
generated control signals indicate that power is to be

removed from said power grid.

In a possible embodiment of the method according to a second
aspect of the present invention, if the monitored state of
charge of said energy storage device drops below a lower
state of charge limit the energy resource controller is
adapted to control in a recharging operation mode a
recharging of said energy storage device until the lower
state of charge limit is reached by said energy storage

device.

In a still further possible embodiment of the method
according to the second aspect of the present invention, if a
required rate of power to be removed from said power grid
within a predetermined time period as indicated by said grid
parameters or said remotely generated control signals exceeds
a maximum admissible power input rate of said energy storage
device the energy resource controller is adapted to control
in a protective operation mode a charging of said energy
storage device such that a rate of power input to the energy
storage device either

corresponds to the admissible maximum power input rate of the
energy storage device by adjusting the rate of power absorbed
by the power absorbing load to balance the difference between
the required rate of power to be removed from said power grid
and the admissible maximum power input rate of the energy
storage device or

is below the admissible maximum power input rate of the
energy storage device by connecting the power absorbing load
which has a fixed power absorption to the power supply grid
and by reducing the power absorption of the energy storage

device by the power absorption of the power absorbing load.
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In the following, possible embodiments of the apparatus and
method according to different aspects of the present
invention are described in more detail with reference to the

enclosed figures.

Fig. 1 shows a block diagram of a possible embodiment of a
power system according to the first aspect of the

present invention;

Fig. 2 shows a block diagram of a further possible
embodiment of a power system according to the first

aspect of the present invention;

Fig. 3 shows a block diagram of a further possible
embodiment of a power system according to the first

aspect of the present invention;

Fig. 4 shows a state diagram of system states in a power
system according to the first aspect of the present

invention;

Fig. 5 shows a further state diagram for illustrating a
possible embodiment of a power system according to

the first aspect of the present invention;

Fig. © shows a diagram for illustrating the operation of a
method and apparatus according to the first and

second aspect of the present invention;

Fig. 7 shows a possible implementation of a power system
according to the first aspect of the present

invention.

As can be seen in Fig. 1, a power system PS according to the
first aspect of the present invention is used for providing a
grid service to a power grid PG. The power grid PG is a power
supply grid which provides power to consuming entities which

can be provided for instance in residential homes. The power
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grid PG can comprise a transmission grid and a distribution
grid to which local entities such as buildings or factories
can be connected. The power system PS can comprise a central
control unit or a distributed control units CU as illustrated
in Fig. 1. As shown in Fig. 1, the power system PS comprises
an energy storage device ESD. The energy storage device ESD
can be an electrochemical energy storage device including at
least one battery and/or accumulators. The energy storage
device ESD is adapted to store electrical power. The energy
storage device ESD is controlled by a local energy resource
controller ERC as illustrated in Fig. 1. The energy resource
controller ERC is adapted to monitor a state of charge of at
least one energy storage device ESD within the respective
facility. The energy resource controller ERC adjusts in a
normal operation mode NM a power supplied by the energy
storage device ESD to the power grid PG or a power received
by the energy storage device ESD from the power grid PG in
response to grid parameters or to control signals received
from the control unit CU to stabilize the power grid PG. If
the monitored state of charge SOC of the energy storage
device ESD exceeds an upper state of charge limit SOC-H the
energy resource controller ERC connects in a power absorption
mode PAM a controllable power absorbing load PAL to the power
grid as long as the grid parameters indicate that power is to
be removed from the power grid PG. In the shown embodiment of
Fig. 1, the energy storage device ESD is connected via a
switch SW to a grid connection GC of the power grid. The
switch SW is in the shown implementation controlled by the
energy resource controller ERC and can in the shown
embodiment connect either the energy storage device ESD or
the power absorbing load PAL to the grid connection. The
power absorbing load PAL can also be controlled by the energy
resource controller ERC as shown in Fig. 1. The controllable
power absorbing load PAL can be formed by a controllable
thermal load and/or a controllable electrical load. The
controllable power absorbing load PAL can be for instance
formed by a resistor which transforms electrical energy into
heat.
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As shown in Fig. 1, a thermal storage device TS can be
attached via a thermal connection or heat power connection to
the power absorbing load PAL. This thermal storage device TS
can comprise for instance a stone, a bulk metal, a phase

change material or a water bath to store thermal energy.

In a possible embodiment, the water bath can be part of the
heating installation of the home. For example, the power
absorbing load can be a heat pump water heater or an electric
water heater of resistive type. The water bath can then be
implemented as the hot water storage of the home. This has
the additional advantage that the energy which is converted
to heat by the heat pump water heater or the electric water
heater of resistive type can be used for heating the home or

supplying hot water to the home.

In another possible embodiment, one or several thermal
dissipation devices TD can be provided to adjust a heat
dissipating rate of heat dissipating from said thermal
storage device TS. This thermal dissipation device TD can in
a possible embodiment be a heat sink. In a possible
embodiment, the thermal dissipation device TD is a
controllable thermal dissipation device, for instance
implemented by installing a controllable fan to blow cooling
air over the heat sink, which is controlled by the energy

resource controller ERC.

In a possible embodiment, the controllable thermal
dissipation device TD can be connected to a separate
controller in the environment, e.g. in a residential home.
This controller can use the heat stored in the thermal
storage TS to control the temperature in the environment by
measuring a temperature change in the environment and by
increasing a thermal dissipation rate of the controllable
thermal dissipation device TD if the temperature is too low
and by decreasing the thermal dissipation rate of the

controllable thermal dissipation device if the temperature is
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too high. In all other cases, the thermal dissipation rate of
the controllable thermal dissipation device can be kept
constant. In a possible embodiment, the controllable
electrical load can comprise a heat pump device and/or a

refrigeration device.

As can be seen in Fig. 1, the energy resource controller ERC
is connected to a local grid parameter measurement device M
which receives grid parameters of the power grid PG from the
grid connection GC. Further, the energy resource controller
ERC is connected to a communication device or interface COM
to receive grid parameters and/or control limits and/or
control parameters via a communication link CL from the
distributed or central control unit CU of the power grid. The
communication link CL as illustrated in Fig. 1 can comprise a
wired or wireless link via a communication network. A wired
link can for instance comprise a DSL connection. Further, the
communication link CL can be a wireless communication link,
for instance a UMTS link or a mobile telephone network. In a
further possible implementation, the communication link CL
can also be formed by a power line communication link.
Accordingly, the energy resource controller ERC receives grid
parameters from the local grid parameter measurement device M
and/or from the control unit CU of the power grid PG. The
energy resource controller ERC can be formed by a
programmable logic device with one or several interfaces. The
local grid parameter measurement device M can for instance be
formed by a voltage meter or by a frequency meter connected
to the grid connection GC of the power system. This grid
connection GC is connected via the switch SW to the energy
storage device ESD which can comprise one or several
electrochemical storage devices to store electrical energy.
The switch SW can in a possible implementation be a current
switch such as a magnetic switch or a semiconductor switch.
The energy storage device ESD can comprise a finite maximum
state of charge SoC,.x such as the charging capacity of a
battery or a maximum mechanical energy of a flywheel. In a

possible embodiment, the power absorbing load PAL is sized
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such that its maximum power input matches or exceeds the
maximum power input of the energy storage device ESD.
Further, the thermal dissipation device TD can be sized so
that the heat dissipated from the thermal storage TS matches
the maximum power input of the power absorbing load PAL at a
non-critical temperature of the thermal storage TS. In a
possible embodiment, the energy resource controller ERC
monitors the state of charge SOC of the energy storage device
ESD as a percentage of the finite capacity. The energy
resource controller ERC further receives data via the
communication device COM as well as local grid parameters

from the local grid parameter measurement device M.

The power system PS according to the first aspect of the
present invention comprises multiple operation modes. Fig. 4
shows a state diagram of a possible implementation of
operation modes used by the power system PS. The energy
resource controller ERC adjusts in a normal operation mode NM
a power supplied by the energy storage device ESD to the
power grid PG or a power received by the energy storage
device ESD from the power grid PG in response to grid
parameters or remotely generated control signals to stabilize
said power grid. In the normal operation mode NM, the energy
resource controller ERC can set the power output by the
energy storage device ESD and the power input into and stored
by the energy storage device ESD according to the grid
parameters measured by the local grid parameter measurement
device M and/or by control signals received from the control
unit CU via the communication device COM to stabilize the
power grid. The control signals received from the control
unit CU wvia the communication link CL can comprise global
grid parameters and/or control limits and/or control

parameters.

If the monitored state of charge SOC of the energy storage
device ESD exceeds an upper state of charge limit SOC-H the
energy resource controller ERC connects in a power absorption
mode PAM the controllable power absorbing load PAL to the
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power grid PG as long as the grid parameters indicate that
power is to be removed from said power grid PG. As shown in
Fig. 4, the power system PS undergoes a state transition from
the normal operation mode to the power absorption mode PAM
via a state transition ST, if the grid parameters or control
signals indicate that power is to be removed from said power
grid PG and the monitored state of charge SOC of the energy
storage device ESD exceeds an upper state of charge limit
SOC-H. The upper state of charge limit SOC-H can depend on
the type of the energy storage device ESD. The value of the
upper state of charge limit SOC-H can be preconfigured in a
local memory of the energy resource controller ERC. Further,
it is possible that the upper state of charge limit SOC-H is
transmitted by the control unit CU to the energy resource
controller ERC and stored there as a configuration parameter.
If the grid parameters or control signals indicate that no
power has to be absorbed or if the state of charge SOC of the
energy storage device ESD falls beneath the upper state of
charge limit SOC-H, the power system PS undergoes a state
transition STg from the power absorption mode PAM back to the

normal operation mode NM as illustrated in Fig. 4.

If the monitored state of charge SOC of the energy storage
device ESD drops below a lower state of charge limit SOC-L
the energy resource controller ERC is adapted to control in a
recharging mode RM a recharging of said energy storage device
ESD until the lower state of charge limit SOC-L is again
reached by the energy storage device ESD. The provisioning of
the energy required for the recharging is accomplished by the
control unit CU either from other energy storage devices also
controlled by said control unit CU or by power generators
directly or indirectly controlled by said control unit CU. As
illustrated in Fig. 4, there is a state transition ST, from
the normal operation mode NM to the recharging operation mode
RM if the state of charge SOC monitored by the energy
resource controller ERC drops below the lower state of charge
limit SOC-L. The lower state of charge limit SOC-L can be

configurable. In the case of grid services which require a
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certain power output to be available for a certain timespan,
the lower state of charge limit SOC-L has a lower critical
value which can be calculated by dividing the product of this
power output Pand this timespan T by the maximum state of
charge SoCu.x and the efficiency n of the energy storage
device as follows: SOC-L = Pmax-s x Tmax-s / SoCpx X n.In the
recharging mode RM, the energy resource controller ERC
signals the need for recharging to the control unit CU. The
energy resource controller can set the power input supplied
to the energy storage device ESD or the power output supplied
by the energy storage device ESD such that the power grid PG
is stabilized and the energy storage device ESD is recharged.
The energy resource controller accomplishes this by
subtracting a constant recharging power from the power output
supplied by the energy storage device for the application in
which the power system is deployed e.g., grid balancing. The
constant recharging power, the starting time and the end time
of the recharging operation are signalled from the control
unit CU via the communication device COM. The constant
recharging power, the starting time and the end time of the
recharging operation remain valid also in all other operation
modes. If the state of charge SOC of the energy storage
device ESD exceeds again the lower critical value SOC-L the
energy resource controller can enter the normal operation NM

in a state transition ST, as illustrated in Fig. 4.

In a possible embodiment, the power system PS comprises a
further operation mode PM to protect the energy storage
device ESD. If it is detected that a regquired rate of power
to be removed from the power grid PG as indicated by the grid
parameters or by remotely generated control signals exceeds a
maximum admissible power input rate of the energy storage
device ESD the energy resource controller ERC is adapted to
enter a protective mode PM a as illustrated in Fig. 4. The
protective operation mode PM of the energy resource
controller ERC comprises the charging of the energy storage
device ESD such that a rate of power input to the energy

storage device ESD corresgponds to an admissible maximum power
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input rate of the respective energy storage device ESD, which
the energy resource controller accomplishes by adjusting the
rate of power absorbed by the controllable power absorbing
load PAL to balance the difference between the regquired rate
of power and the admissible maximum power input rate of the
energy storage device ESD. Accordingly, if the required rate
of power to be removed from the power grid PG exceeds a
maximum admissible power input rate of the energy storage
device ESD the power system undergoes a state transition STg
from the normal operation mode NM to the protective operation
mode PM as shown in Fig. 4. If the power rate falls under the
maximum admissible power rate the protective operation mode
PM is left in a state transition STy and the energy resource
controller ERC reenters the normal operation mode NM as shown

in Fig. 4.

Fig. 2 shows a possible embodiment of a power system PS
according to the first aspect of the present invention. In
the shown implementation of Fig. 2, the energy resource
controller ERC controls two separate switches. In the shown
embodiment, the power absorbing load PAL is connected via a
first switch SW1 controlled by said energy resource
controller ERC to the grid connection GC of the power grid
PG. Further, the energy storage device ESD is connected via a
second switch SW2 controlled by said energy resource
controller ERC to the grid connection GC of the power grid
PG. Both switches SW1, SW2 can be switched independently from
each other. The first switch SWl is provided to break a
galvanic connection between the grid connection GC and the
power absorbing load PAL, whereas the second switch SW2 can
break the connection between the grid connection GC and the
energy storage device ESD. In the normal operation mode NM,
the energy resource controller ERC sets the first switch SW1
to a disconnected state and otherwise functions as in the
implementation described in the context of Fig. 1. In a
recharging mode RM, the energy resource controller ERC sets
the first switch SW1 to a disconnected state and the switch

SW2 to a connected state and otherwise works as in the
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implementation described in the context of Fig. 1. If the
power to be removed from the power grid PG as signalled via
the communication device COM or by the local grid parameter
measurement device M exceeds a maximum rated power input of
the energy storage device, the energy resource controller can
enter the protective mode PM. In the protective mode PM, the
energy resource controller ERC sets the first switch SW1 to
the connected state and sets the power input of the energy
storage device ESD to the maximum rated power input of the
energy storage device ESD and further sets the power input of
the power absorbing load PAL to the balance between the power
to be removed from the power grid PG and the maximum power
input of the energy storage device ESD. If the power to be
removed from the power grid PG as signalled by the grid
parameters does not exceed the maximum rated power input of
the energy storage device ESD the energy resource controller
ERC can enter the normal operation mode NM.

Further, in the case where the power absorbing load PAL is a
power absorbing load with a fixed power absorption, the
energy resource controller ERC can enter a protective mode PM
when the power to be absorbed from the power supply grid PG
as signalled by the control unit CU or by the grid
measurement device M exceeds a maximum rated power input of
the energy storage device ESD. In the protective mode PM, the
energy resource controller ERC will set the switches SW1l and
SW2 to a connected state and set the power input of the
energy storage device ESD to the power to be absorbed from
the grid minus the fixed power absorption of the power
absorbing load PAL. When the state of charge SOC of the
energy storage device ESD exceeds the upper charge limit SOC-
H, the energy resource controller ERC will enter the power
absorbing mode PAM. Otherwise, if the power to be absorbed
from the power supply grid PG as signalled by the control
unit CU or by the grid measurement device M does not exceed
the maximum rated power input of the energy storage device
ESD, the energy resource controller ERC enters the normal

operation mode NM via a state transition STy.
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In the power absorbing mode PAM, the energy resource
controller ERC sets the switch SW1 to connected state and the
switch SW2 to a disconnected state and otherwise functions as

in the implementation described in the context of Fig. 1.

Fig. 3 shows a further possible implementation of a power
system according to the first aspect of the present
-invention. In the shown implementation, the energy resocurce
controller does only control the first switch SWl. In the
shown implementation, there is a permanent connection between
the energy storage device ESD and the grid connection GC. The
implementation of the shown embodiment is possible if the
concept of the upper state of charge limit SOC-H is expanded
to also include a value SOC-H' < SOC-H in addition to SOC-H.

Fig. 5 shows a possible state diagram employed in the power
system of the embodiment shown in Fig. 3. In the state
diagram of Fig. 5 the second state transition STz' from the
power absorbing operation mode PAM to the normal operation
mode NM takes place if no power has to be absorbed from the
power grid PG or the state of charge SOC of the energy
storage device ESD is below the shifted reduced upper state
of charge limit SOC-H'. Otherwise, the operation modes and
state transitions are as described in the context of Fig. 2.

Fig. 6 shows a diagram illustrating the operation of a power
system according to the present invention. This storage
‘device has a maximum state of charge SOCpix as shown in Fig.
6. In the normal operation mode NM, the state of charge SOC
of the energy storage device ESD is between the lower state
of charge limit SOC~L and the upper state of charge limit
SOC~H. In the implementation shown in Fig. 3, the concept of
the upper state of charge limit SOC-H is expanded to an upper
state of charge interval [SOC-H', SOC-H] as also shown in
Fig. 6. The state of charge SOC shown in Fig. 6 can be
monitored by the energy resource controller ERC. The energy
resource controller ERC also monitors the slope of the state

of charge SOC so that the maximum admissible power input rate

RECTIFIED SHEET (RULE 91) ISA/EP
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of the energy storage device ESD is not exceeded. If the
required rate of power to be removed from the power grid PG
exceeds the maximum admissible power input rate of the energy
storage device ESD the energy resource controller ERC enters
the protective operation mode PM. If the monitored state of
charge SOC of the energy storage device ESD exceeds the upper
state of charge limit SOC-H the energy resource controller
ERC connects in a power absorption mode PAM the power
absorbing load PAL to the power grid PG as long as the grid
parameters indicate that power is to be removed from the
power grid PG. If the state of charge SOC of the energy
storage device ESD drops below the lower state of charge
limit SOC-L the energy resource controller ERC is adapted to
control in the recharging operation mode RM a recharging of
the energy storage device ESD until the lower state of charge
limit SOC-L is again reached by the energy storage device
ESD. Accordingly, the state of charge SOC of the used energy
storage device ESD is almost always in a normal range between
the lower state of charge limit SOC-L and the upper state of
charge limit SOC-H or SOC-H' in the implementation as
described in the context of Fig. 3. Since the energy storage
device ESD does only briefly enter critical ranges its

operation lifespan is increased significantly.

Fig. 7 shows a possible implementation of a power system PS
for providing a grid service to a power grid PG. In the shown
implementation, the power system PS is a power system rack
comprising one or several batteries B connected to a battery
management system BMS. The battery management system BMS can,
among other functions, monitor operation parameters of the
energy storage devices ESD formed by the batteries B. In the
shown implementation, the battery management system BMS
connects the batteries B to an AC/DC converter or inverter
which transforms DC voltage into AC voltage for the power
grid PG. The battery management system BMS can monitor and
supply operation parameters of the batteries or energy
storage devices ESD to the energy resource controller ERC as

illustrated in Fig. 7. The energy resource controller ERC can
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control at least one power absorbing load PAL which can be
for instance formed by a resistor transforming electrical
power received from the power grid PG via the grid connection
GC or from the converter or inverter into heat. To the power
absorbing load PAL a thermal storage device TS can be
attached via a thermal connection as shown in Fig. 7. The
thermal storage device TS can for instance be formed by a
heat-storing stone. In the shown implementation of Fig. 7,
there are multiple air-conducting channels through the
thermal storage device TS illustrated as Hp and Hz in Fig. 7.
These holes can connect the interior of the power system rack
to the surrounding environment. The energy resource
controller ERC is further adapted to control controllable
thermal dissipation devices TDp and TDr provided in the
vicinity of the channels Hp and Hz. The energy resource
controller ERC which can be formed by a programmable logic is
further adapted to control first switches SW1 connecting
power lines of the power grid PG to the power absorbing load
PAL as well as second switches SW2 connecting power lines of
the power grid PG to the AC/DC converter as shown in Fig. 7
in a physical implementation of the architecture shown in
Fig. 3. The architecture from Fig. 2 can be physically
implemented by replacing the switch SW2 with a permanent
galvanic connection. The architecture from Fig. 1 can be
implemented by also replacing the switch SW1 by permanent
galvanic connections and by replacing the grid connection GC
by a grid connection GC which can be switched from connecting
the power absorbing load PAL to connecting the inverter or
converter to the grid, a switch which can be effected by the
energy resource controller via a control connection. In a
possible embodiment of either physical implementation, the
energy resource controller ERC can request to receive an
operation parameter of the batteries B, for instance the
temperature of the batteries B. If the temperature of the
batteries B exceeds a preset threshold value the thermal
dissipation devices TDp and TDy are activated to suck air
from below so that air passes through the holes H to the

environment. In this way, the batteries B beneath the thermal



10

15

20

25

30

35

201304989
WO 2014/177175 PCT/EP2013/058893

24

dissipation devices TD are cooled thus increasing their
operation lifetime. Also, a part of the thermal energy
emitted by the batteries B is stored in the thermal storage
device TS. In contrast, if the temperature indicated by the
operation parameters received by the energy resource
controller ERC from the battery management system BMS
indicates that the temperature of the batteries B is below a
predetermined threshold value the thermal dissipation devices
TD are controlled by the energy resource controller ERC such
that they draw air from the environment through the holes H
of the hot thermal storage device TS to increase the
temperature of the air surrounding the batteries B. In this
way, the temperature of the batteries is kept in a desired
temperature range thus increasing the total operation
lifetime of the batteries B.

Moreover, the energy resource controller ERC can perform
additionally a method for providing a grid service to the
power grid PG. The power system PS according to the first
aspect of the present invention as illustrated in the
embodiments of Figs. 1, 2, 3 as well as in the embodiment of
Fig. 7 is adapted to provide a grid service to the power grid
PG. According to an aspect of the present invention, a method
for providing a grid service to the power grid PG is
provided. In a first step, a state of charge SOC of at least
one energy storage device ESD connected to the power grid PG
is monitored. In a further step, in a normal operation mode
NM a power supplied by the energy storage device ESD to said
power grid PG or a power received by the energy storage
device ESD from the power grid is adjusted in response to
grid parameters or remotely generated control signals to
stabilize said power grid PG. Further, in a power absorption
mode PAM a power absorbing load PAL is connected to the power
grid PG if the monitored state of charge SOC of the energy
storage device ESD exceeds an upper state of charge limit
SOC-H as long as the grid parameters indicate that power is

to be removed from the power grid PG.
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Claims:

1. A power system for providing a grid service to a power
grid (PG),
salid power system (P3) comprising:
at least one energy storage device (ESD),
at least one power absorbing load (PAL),
an energy resource controller (ERC) adapted to monitor
the state of charge (SOC) of the at least one energy
storage device (ESD) and to control the power output and
input of the at least one energy storage device (ESD) and
to control the power input of the at least one power
absorbing load (PAL).

2. The power system according to claim 1, wherein said
energy resource controller (ERC) adjusts in a normal
operation mode (NM) a power supplied by the at least one
energy storage device (ESD) to said power grid (PG) or a
power received by the at least one energy storage device
(ESD) from said power grid (PG) in response to grid
parameters or remotely generated control signals,
wherein if the monitored state of charge (S50C) of said
energy storage device (ESD) exceeds an upper state of
charge limit (SOC-H) the energy resource controller (ERC)
connects in a power absorption mode (PAM) a power
absorbing load (PAL) to said power grid (PG) as long as
the grid parameters or remotely generated control signals
indicate that power is to be removed from said power grid
(PG) .

3. The power system according to claim 1 or 2 wherein if the
monitored state of charge (S0OC) of said energy storage
device (ESD) drops below a lower state of charge limit
(SOC-L) the energy resource controller (ERC) is adapted
to control in a recharging operation mode (RM) a
recharging of said energy storage device (ESD) until the
lower state of charge limit (SOC-L) is reached by said

energy storage device (ESD).
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The power system according to claim 1, 2 or 3 wherein if
a required rate of power to be removed from said power
grid as indicated by said grid parameters or remotely
generated control signals exceeds a maximum admissible
power input rate of said energy storage device (ESD) the
energy resource controller (ERC) is adapted to control in
a protective operation mode (PM) a charging of said
energy storage device (ESD) and the power input of said
power absorbing load such that the rate of power input to
said energy storage device (ESD) does not exceed the
admissible maximum power input rate of said energy

storage device (ESD).

The power system according to one of the preceding claims
1 to 4 wherein said power absorbing load (PAL) comprises

a thermal load and/or an electrical load.

The power system according to one of the preceding claims
1 to 5 wherein said energy resource controller (ERC) is
connected to a local grid parameter measurement device

(M) to receive grid parameters of said power grid (PG).

The power system according to one of the preceding claims
1 to 6 wherein said energy resource controller (ERC) is
connected to a communication device (COM) to receive grid
parameters (GP) and/or control limits and/or control
parameters via a communication link (CL) from a

distributed or central control unit (CU).

The power system according to one of the preceding claims
5 to 7 wherein a thermal storage device (TS) is attached

via a thermal connection to said thermal load.

The power system according to claim 8 wherein said
thermal storage device (TS) comprises a stone, a bulk

metal, a phase change material and/or a water bath.
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17.
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The power system according to claim 8 wherein said
thermal storage device (TS) comprises a thermal buffer
storage, this thermal buffer storage used to heat the

home, building or provide hot water.

The power system according to claim 8, 9 or 10 wherein a
thermal dissipation device (TD) is provided to adjust a
heat dissipating rate of heat dissipating from said

thermal storage device (TS).

The power system according to claim 10 wherein said
thermal dissipation device (TD) is a controllable thermal
dissipation device controlled by said energy resource
controller (ERC).

The power system according to claim 12 wherein said

thermal dissipation device comprises a fan.

The power system according to one of the preceding claims
5 to 13 wherein said electrical load comprises a heat

pump device and/or a refrigeration device.

The power system according to one of the preceding claims
1 to 14 wherein said energy storage device (ESD)
comprises an electrical or electrochemical storage device

adapted to store electrical power.

The power system according to one of the preceding claims
1 to 15 wherein said power absorbing load (PAL) is
connected via a first switch (SW1l) controlled by said
energy resource controller (ERC) to said grid connection

(GC) of said power grid (PG).

The power system according to one of the preceding claims
1 to 16 wherein said energy storage device (ESD) is
connected via a second switch (SW2) controlled by said
energy resource controller (ERC) to a grid connection

(GC) of said power grid (PG).
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A method for providing a grid service to a power grid

(PG) comprising the steps of:

- monitoring a state of charge (SOC) of at least one
energy storage device (ESD) connected to said power
grid (PG),

- adjusting in a normal operation mode (NM) a power
supplied by the energy storage device (ESD) to said
power grid (PG) or received by the energy storage
device (ESD) from said power grid (PG) in response to
grid parameters or remotely generated control signals
to stabilize said power grid (PG) and

- connecting in a power absorption mode (PAM) a power
absorbing load (PAL) to said power grid (PG) 1if the
monitored state of charge (S0OC) of the energy storage
device (ESD) exceeds an upper state of charge limit
(SOC-H) as long as the grid parameters or remotely
generated control signals indicate that power is to

be removed from said power grid (PG).

The method according to claim 18 wherein if the monitored
state of charge (SOC) of said energy storage device (ESD)
drops below a lower state of charge limit (SOC-L) the
energy resource controller (ERC) is adapted to control in
a recharging operation mode (RM) a recharging of said
energy storage device (ESD) until the lower state of
charge limit (SOC-L) is reached by said energy storage
device (ESD).

The method according to claim 18 or 19 wherein if a
required rate of power to be removed from said power grid
(PG) as indicated by said grid parameters or remotely
generated control signals exceeds a maximum admissible
power input rate of said energy storage device (ESD) the
energy resource controller (ERC) is adapted to control in
a protective operation mode (PM) a charging of said
energy storage device (ESD) such that a rate of power

input to said energy storage device (ESD) does not exceed
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the admissible maximum power input rate of said energy

storage device (ESD).
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