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(57) Abstract: An energy management system of a
power supply grid includes at least one control unit (CU)
connected to distributed energy resource controllers
(ERC) of energy resources (ER) of the power supply grid
by means of a communication network, (CNW) wherein
the control unit (CU) monitors communication links (CL)
between the control unit (CU) and the energy resource
controllers (ERC) via the communication network
(CNW), and wherein the control unit (CU) is adapted to
calculate a predicted operation behavior of an energy re-
source (ER) controlled by an energy resource controller
(ERC) it a loss of communication or a communication
bandwidth limitation of the monitored communication
link to the energy resource controller (ERC) is detected.
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TITLE OF THE INVENTION

Method and apparatus for performing energy management in a

power supply grid

FIELD OF THE INVENTION

The invention relates to a method and apparatus for perform-

ing energy management in a power supply grid comprising dis-

tributed energy resources being controlled by energy resource
controllers which are connected to at least one control unit

by means of a communication network.

TECHNICAL BACKGROUND

A power supply grid can comprise power supply networks with
different voltage levels such as a high-voltage transmission
grid and lower voltage distribution grids to which a plural-
ity of energy resources can be connected. These energy re-
sources include, among other types, power supply consumers oOr
loads which consume electrical power. The loads can for in-
stance be formed by electrical machines or devices in facto-
ries or private households. The power consumed by the loads
is generated by a second type of energy resource, namely
power sources or power generation units which can be con-
nected to the high-voltage transmission grid and/or to the
lower voltage distribution grid. Conventional power genera-
tion units comprise power plants such as coal power plants or
nuclear power plants connected to the high-voltage transmis-
sion grid. In power supply grids, there is a trend that more
renewable power sources are employed to generate electrical
power. These renewable power sources or power generation
units comprise for instance wind farms with a plurality of

wind generators as well as photovoltaic generation units in-
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stalled on roofs or solar power farms with a plurality of
photovoltaic entities generating electrical power from
sunlight. These renewable power sources forming energy re-
sources of the power supply grid are distributed and volatile
and significant numbers are connected to the lower voltage
distribution grid of the power supply grid. With the increas-
ing portion of electrical power generated by renewable power
sources, it becomes more difficult to guarantee a stability
of the power supply grid and to provide always sufficient ca-
pacities. As a consequence, distributed energy storage de-
vices are used and connected to the power supply grid. Ac-
cordingly, a power supply grid comprises as energy resources
electrical loads or consumers consuming electrical power and
drawing electrical power from the power supply grid as well
as power sources which are adapted to feed electrical power
into the power grid and a third type, namely electrical en-
ergy storage devices which are adapted to store electrical
power. The cost of a storage device increases with the maxi-
mum storage capacity of the device. Accordingly, storage de-
vices must be employed in order to use their storage capacity
efficiently. Distributed electrical storage devices can be
used efficiently by combining multiple usages comprising lo-
cal energy buffering, local blackout prevention of a blackout
of the power supply grid as well as efficient support of the
power supply grid, in particular with respect to grid stabil-
ity and capacity. The fourth type of energy resource is

formed by any combination of the first three types.

An energy resource such as an energy storage device is con-
trolled by an energy resource controller. This energy re-
source controller is connected via a communication infra-
structure or communication network to a distributed or cen-

tral control unit. This communication infrastructure can be a



10

15

20

25

30

WO 2014/040760 PCT/EP2013/057015

public communication infrastructure such as a public communi-
cation network. Since the communication link between the en-
ergy resource controller and the control unit via a communi-
cation network can be unreliable, there can be times when no
or only limited communication between the energy resource
controller and the control unit via the communication link is
possible. If the communication link between the control unit
and the energy resource controller of the energy resource is
lost or the bandwidth of the communication link is strongly
limited, a control of the distributed energy resource by the

remote control unit is no longer possible.

In a conventional energy management system an affected energy
resource whose energy resource controller has lost its commu-
nication link to the control unit cannot make any further
contribution to the power supply grid. Further, during times
where a communication is established but a bandwidth of the
communication link is low due to other services on the same
communication link, the energy resource cannot be any longer

controlled to make a contribution to the power supply grid.

Accordingly, there is a need to provide an apparatus and a
method for performing an energy management in a power supply
grid which allows that an affected energy resource whose com-
munication link has been lost or limited can still make a
contribution to the operation of the power supply grid, pref-

erably in combination with other usages.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, an en-

ergy management system of a power supply grid is provided

comprising
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at least one control unit connected to distributed energy re-
source controllers of energy resources of said power supply
grid by means of a communication network, wherein said con-
trol unit monitors communication links between said control
unit and the energy resource controllers via said communica-
tion network, wherein said control unit is adapted to calcu-
late a predicted operation behavior of at least one energy
resource controlled by an energy resource controller if a
loss of communication or a communication bandwidth limitation
of the monitored communication link to the respective energy

resource controller is detected.

In a possible embodiment of the energy management system ac-
cording to the first aspect of the present invention, the
control unit is adapted to control energy resource control-
lers of other energy resources of said power supply grid to
which a communication link via said communication network
still exists depending on the calculated predicted behavior
of the affected energy resource whose energy resource Ccon-
troller has lost its communication link to said control unit
or where the communication bandwidth of the communication

link is limited.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the control unit is adapted to calculate energy man-
agement policies and to distribute them to energy resource
controllers of said energy management system such that after
a loss or a limitation of communication between said control
unit and at least one affected energy resource controller has
been detected, the distributed energy management policies

executed by the remaining energy resource controllers ensure
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that the remaining energy resources can collectively provide

sufficient power for power supply grid services.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, after a loss or a limitation of communication be-
tween said control unit and at least one affected energy re-
source controller has been detected, a local optimization of
individual energy resources controlled by the energy resource
controllers is performed on the basis of the energy manage-
ment policies calculated and distributed by the control unit
of said energy management system to said energy resource con-
trollers before the loss or limitation of communication has

occurred.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, after a loss or limitation of communication between
said control unit and at least one affected energy resource
controller has been detected, a global optimization taking
into account all energy resources controlled by the energy
resource controllers is performed by the affected energy re-
source controllers and by the control unit on the basis of
the energy management policies calculated and distributed by
the control unit of said energy management system to said en-
ergy resource controllers before the loss or limitation of

communication has occurred.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the energy management policies calculated by at

least one processor of said control unit are calculated de-

pending on a probability of loss or limitation of the moni-
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tored communication links between said control unit and the
distributed energy resource controllers of said energy man-
agement system and/or depending on predicted local energy
states of the energy resources controlled by the distributed
energy resource controllers after the loss or limitation of
communication of at least one monitored communication link

has been detected.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the predicted local energy states of the energy re-
sources controlled by the distributed energy resource con-
trollers are predicted on the basis of available global in-
formation including time information data and/or grid fre-
quency and/or on the basis of available local information in-
cluding weather information and/or on the basis of historic
behavior data about the operation behavior of the energy re-
sources in the past before the loss or limitation of communi-
cation of at least one monitored communication link has been

detected.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, information which is relevant for the prediction of
the local energy state of an energy resource after a loss or
limitation of communication has occurred and which cannot be
determined on the basis of available global information is
substituted for purposes of the prediction by a worst-case
assumption. The worst-case assumption can be determined ei-
ther based on installation-dependent limits of the energy re-
source or by a rule within an energy management policy dis-
tributed to the affected energy resource controller before

the loss of communication has occurred.
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In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the installation-dependent limits of the energy re-
source comprise at least one of the following limits: the
maximum power output of the energy resource, the maximum
power input of the energy resource, the maximum usable energy
content of the energy resource, the maximum power flow of the
local connection to the power supply grid, the maximum power
that can be generated by a local generator and/or the maximum
power that can be consumed by one or more local power consum-

ers.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-

vention, the control unit is a central control center.

In a still further alternative embodiment of the energy man-
agement system according to the first aspect of the present
invention, the control unit is formed by distributed peer to

peer control entities.

In a possible embodiment of the energy management system ac-
cording to the first aspect of the present invention, the
control unit is adapted to calculate the predicted operation
behavior of the affected energy resource on the basis of the
active set of energy management policies transmitted by said
central or distributed control unit via the communication
link to the energy resource controller of the affected energy
resource before a loss or limitation of communication of said

communication link i1s detected.
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In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the set of energy management policies comprises at
least one energy management policy having rules used by a

policy management unit connected to the energy resource con-
troller to perform a local control of the associated energy

resource.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, measurements of local parameters by the energy re-

source controller are transmitted to the control unit before

any loss or limitation of the communication link occurs.

In a further possible embodiment of the energy management
system according to the first aspect of the present inven-
tion, the measurements of local parameters by the energy re-
source controller comprise at least one measured value or
time series of at least one of the following variables com-
prising state of charge, state of supply, internal resis-
tance, locally generated power, locally consumed power, phase
shift between voltage and current, temperature at at least

one position in the energy resource and/or the environment.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, information which is relevant for the prediction of
the local energy state of an energy resource after a loss or
limitation of communication has occurred and which cannot be
determined on the basis of available global information is
substituted for purposes of the prediction by a most-probable
case assumption. The most-probable case assumption can be de-

termined either based on measurements of local parameters
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transmitted to the control unit before a loss or limitation
of communication has occurred or by a rule within an energy
management policy distributed to the affected energy resource

controller before the loss of communication has occurred.

In a further possible embodiment of the energy management
system according to the first aspect of the present inven-
tion, after a loss or a limitation of communication of the
communication link to said control unit has occurred said
policy management unit of the energy resource controller is
adapted to emulate a continued reception of control parame-
ters from said control unit on the basis of the active set of
energy management policies and to perform a continued local
control of the associated energy resource controlled by said
energy resource controller using the control parameters
within control limits indicated by the set of energy manage-

ment policies.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the rules of said energy management policies used by
the policy management unit of the energy resource controller
indicate a reaction of the policy management unit in response
to measurements of local parameters of said power supply grid
distributing power to the energy resource or receiving power
from the energy resource being controlled by said energy re-

source controller.

In a further possible embodiment of the energy management
system according to the first aspect of the present inven-
tion, the local parameters comprise at least one measured
value or time series of at least one of the following vari-

ables comprising voltage frequency, voltage level, spectra of
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voltages, current, phase shift between voltage and current,

state of charge, state of supply.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the measurements are performed by means of sensors
located at the energy resource and/or at other energy re-
sources of the same type located in the vicinity of the af-
fected energy resource when a loss or limitation of communi-
cation of the communication link between the energy control-
ler of the affected energy resource and the control unit has

occurred.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the measurements comprise context data including
weather condition data indicating a current and/or forecast
weather condition at the location of the energy resource,
time data indicating a local time, date, day of week, and/or
month at the location of the energy resource, and location
data indicating a current geographical location of the energy

resource.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the energy resource is immobile and located at a

fixed location and connected permanently to the power supply

grid.

In a still further possible alternative embodiment of the en-
ergy management system according to the first aspect of the

present invention, the energy resource is a mobile resource
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and moveable between different locations and connectable to

the power supply grid.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the energy resource is adapted to feed electrical

power into said power supply grid.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, said energy resource is adapted to draw electrical

power from said power supply grid.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, said energy resource is adapted to store energy and
to either consume power from or feed power to the power sup-

ply grid.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the measurements comprise reliability data indicat-
ing a reliability of the communication link between the en-
ergy resource controller and the control unit and/or a reli-

ability of the associated energy resource.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the set of energy management policies comprises a

first energy management policy having rules used by the pol-
icy management unit of the energy resource controller during
a predetermined time period directly after a loss or limita-

tion of the communication has occurred and a second energy
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management policy having rules used by the policy management
unit of the energy resource controller after the predeter-

mined time period has expired.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the communication link comprises a wired or wireless

link via a communication network.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, said communication link comprises a communication

link via the power supply grid.

In a still further possible embodiment of the energy manage-
ment system according to the first aspect of the present in-
vention, the control unit is adapted to detect a loss or
limitation of communication of a monitored communication link
to an energy resource controller of an energy resource by
monitoring keep alive signals or keep alive messages trans-
mitted by the energy resource controller to the control unit
via said communication link and/or responses from the energy
resource controller to keep alive signals or keep alive mes-

sages transmitted by the control unit.

The invention further provides according to a second aspect a
method for performing an energy management in a power supply
grid comprising distributed energy resources having energy
resource controllers connected to at least one control unit
by means of a communication network comprising the steps of:
monitoring the communication links between said at least one
communication unit and the energy resource controllers via

said communication network; and
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calculating a predicted operation behavior of an energy re-
source if a loss or limitation of communication of the commu-
nication link between the energy resource controller of the
affected energy resource and the communication unit is de-

tected.

In a possible embodiment of the method according to the sec-
ond aspect of the present invention, the communication unit
controls the energy resource controllers of other remaining
energy resources to each of which a communication link via
said communication network still exists depending on a calcu-
lated predicted operation behavior of the affected energy re-
source whose energy resource controller has at least par-
tially lost its communication link to said communication

unit.

The invention further provides according to a third aspect a
control unit of an energy management system of a power supply
grid wherein said control unit is adapted to monitor communi-
cation links between said control unit and distributed energy
resource controllers via said communication network,

wherein said control unit is further adapted to calculate a
predicted operation behavior of an energy resource controlled
by an energy resource controller if a loss of communication
or a communication bandwidth limitation of the monitored com-
munication link to said energy resource controller is de-

tected.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, possible embodiments and implementations of

a method and apparatus of the present invention are described

in relation to the enclosed figures.
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Fig. 1 shows a diagram for illustrating a possible archi-
tecture of an energy management system according to

the first aspect of the present invention;

Fig. 2 shows a diagram for illustrating an alternative ar-
chitecture of an energy management system according

to the first aspect of the present invention;

Fig. 3 shows a block diagram for illustrating the opera-
tion of an apparatus and a method for performing an
energy management in a power supply grid according

to a possible embodiment of the present invention;

Fig. 4 shows a flow chart of a possible embodiment of a
method for performing an energy management in a
power supply grid according to a further aspect of

the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

According to a first aspect of the present invention, an en-
ergy management system of a power supply grid PSG is provided
wherein said power supply grid is connected to a plurality of
energy resources ER wherein each energy resource is con-
trolled by an energy resource controller ERC as illustrated
in Figs. 1 and 2. Figs. 1 and 2 show possible architectures
of an energy management system according to the first aspect
of the present invention wherein energy resource controllers
ERC of energy resources ER are connected to a communication
network CNW. This communication network CNW can be a public
communication network such as a telephone network or a data

network, in particular the internet. The energy management
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system according to the first aspect of the present invention
comprises at least one control unit CU connected to the dis-
tributed energy resource controllers ERC of the energy re-
sources ER within said power supply grid PSG by means of the

communication network CNW.

Fig. 1 shows an architecture where a central control unit CU
is provided communicating with the energy resource control-
lers ERC of the different energy resources ER via said commu-

nication network CNW.

Fig. 2 shows an alternative architecture of the energy man-
agement system wherein the communication unit CU is formed by
distributed peer to peer communication unit entities which
communicate with each other via a peer to peer mechanism. As
shown in Fig. 2, a control unit entity of the distributed
control unit CU can be provided at or close to the location

of an energy resource controller ERC.

A central control unit CU as illustrated in Fig. 1 or the
distributed control entities of the control unit CU as illus-
trated in Fig. 2 are adapted to monitor communication links
CL between the control unit CU and the energy resource con-
trollers ERC via the communication network CNW. The central
or distributed control unit CU is adapted to calculate a pre-
dicted operation behavior of an energy resource ER controlled
by an energy resource controller ERC if a loss of communica-
tion or a communication bandwidth limitation of the monitored
communication link to said energy resource controller ERC is

detected.

In a possible embodiment, the control unit CU is adapted to

detect a loss or limitation of communication of a monitored
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communication link to an energy resource controller ERC of an
energy resource by monitoring keep alive signals or keep
alive messages transmitted by the energy resource controller
ERC to the control unit CU via the communication link CL. As
soon as the communication link CL is broken or severely lim-
ited or damaged, no or less keep alive messages or signals
are received by the control unit or there is an increase in
latency. The control unit CU does react to the loss or limi-
tation of the communication link CL to the respective energy

resource controller ERC of the affected energy resource ER.

A central control unit CU can be formed by a data processing
device which is capable to transmit configuration data to the
energy resources ER and their energy resource controllers
ERC. The transmission of the configuration data or policy can
take place in a possible embodiment in a configuration phase
of the energy management system. In an alternative embodi-
ment, the transmission of the configuration data or policy
can also take place during the operation of the power supply

grid PSG and its energy management system.

In a possible embodiment as illustrated in Fig. 2, a peer to
peer mechanism is used to provide decision-taking capabili-
ties in a reliable manner. For instance, based on a loss of
communication with an energy resource controller ERC of an
energy resource ER the available distributed control units CU
can negotiate a new policy for one or more particular avail-
able energy resources ER connected to the power supply grid

PSG.

Fig. 3 shows a block diagram for illustrating the operation
of an energy management system according to the first aspect

of the present invention. As illustrated in Fig. 3, a control
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unit CU is connected via the communication network by means
of a communication link CL to an energy resource controller
ERC of an energy resource ER. The energy resource ER is di-
rectly or indirectly connected to the power supply grid PSG.
The energy resource ER can be formed by a power generation
unit PGU which is adapted to feed electrical power into said
power supply grid PSG. This energy resource ER can comprise
one or several synchronous power generators. Further, the en-
ergy resource ER can also be formed by a consuming entity
which draws electrical power from the power supply grid PSG.
For instance, the energy resource ER can be formed by one or
several electrical machines driven by electrical power re-
ceived from the power supply grid PSG. Energy resources ER
can be further formed by an energy storage device storing
electrical or other forms of energy such as batteries or ac-
cumulators. An energy resource can be an immobile fixed en-
ergy resource which is located at a fixed location and con-
nected permanently to the power supply grid PSG. It is also
possible that at least some of the energy resources ER are
mobile and movable between different locations and connect-
able to the power supply grid PSG temporarily. For instance,
an energy resource ER can comprise storage devices which are
movable as vehicles to different locations of the power sup-

ply grid PSG.

One or several energy resources ER at a site can be con-

trolled by an energy resource controller ERC as illustrated
in Fig. 3. The energy resource controller ERC is linked in a
normal operation of the energy management system via a commu-
nication link CL to the remote control unit CU as shown in
Fig. 3. With the energy management system of the power supply
grid according to the first aspect of the present invention,

the control unit CU monitors the communication links CLs be-
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tween the control unit CU and the energy resource controllers
ERC via the communication network. The control unit CU is
adapted to calculate a predicted operation behavior of an en-
ergy resource ER controlled by an energy resource controller
ERC if a loss of communication or a communication bandwidth
limitation of the monitored communication link CL to said en-
ergy resource controller is detected. The control unit CU is
further adapted to control energy resource controllers ERC of
other energy resources ER of said power supply grid PSG to
which a communication link CL via said communication network
CNW still exists depending on the calculated predicted behav-
ior of the affected energy resource whose energy resource
controller ERC has lost its communication link CL to the con-
trol unit CU or where the communication bandwidth of the com-

munication link CL i1s reduced or limited.

The control unit CU is further adapted to calculate energy
management policies EMP and to distribute the energy manage-
ment policies EMP to the energy resource controllers ERC of
said energy management system. The distribution of the energy
management policies EMP can take place in a configuration
phase of the energy management system or also during the nor-
mal operation of the energy management system, for instance
by distributing the energy management policies EMP periodi-
cally, e.g. every minute, every hour or every day. After a
loss or limitation of communication between the control unit
CU and at least one affected energy resource controller ERC
has been detected, the already distributed energy management
policies EMP are executed by the energy resource controllers
ERC and collectively provide sufficient power for different

power supply grid services.
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If a loss or limitation of communication between said control
unit CU and at least one affected energy resource controller
ERC has been detected, further, a local optimization of indi-
vidual energy resources ER controlled by the energy resource
controllers ERC is performed. This local optimization is per-
formed in a possible implementation on the basis of the en-
ergy management policies EMP calculated and distributed by
the control unit CU of said energy management system to said
energy resource controllers ERC before the loss or limitation
of communication has occurred and was detected. In addition,
installation-dependent limits of the energy resource ER as
well as current and historical local measurements can be the

basis of the optimization.

In a further possible embodiment, after a loss or limitation
of communication not only a local optimization of the indi-
vidual energy resources ER takes place but also a global op-
timization of the total energy resources is performed. In
this embodiment, after a loss or limitation of communication
between said control unit CU and at least one affected energy
resource controller ERC has been detected, the global optimi-
zation of the total energy resources controlled by the energy
resource controllers is performed on the basis of the energy
management policies EMP calculated and distributed by the
control unit CU of said energy management system to the en-
ergy resource controllers ERC before the loss or limitation
of communication has occurred and detected. The optimization
minimizes a predicted cost function which in general com-
prises at least one of the following consequences of the us-
age predicted under the energy management policies to be op-
timized: the lifetime reduction of the energy resources, the
electrical power which needs to be generated by the energy

resource, the electrical power which needs to be consumed by
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the energy resource, the heat which is generated by the en-

ergy resources. The optimization can also take into account

one or more of the following boundary conditions: a measure

of power generation or power consumption provided by the sum
of all energy resources for a grid service, a measure of re-
active power generation or compensation provided by the sum

of all energy resources for a grid service, a maximum tem-

perature for each energy resource.

The control unit CU as shown in Fig. 3 calculates or gener-
ates energy management policies EMP, which are distributed to
all or at least a considerable portion of the energy resource
controllers ERC within the energy management system via the
communication link CL of the communication network. The re-
ceived energy management policies EMP can be stored in a lo-
cal memory M of the energy resource controller ERC as shown
in Fig. 3. In a possible embodiment, the energy resource con-
troller ERC can also comprise a policy management unit PMU as
shown in Fig. 3. The control unit CU which can be a central
control center or formed by distributed peer to peer control
entities is adapted to calculate a predicted operation behav-
ior of the at least one affected energy resource ER on the
basis of the active set of energy management policies EMP
transmitted by this control unit CU via the communication
link to the energy resource controller ERC of the affected
energy resource before a loss or limitation of communication
of the communication link CL has been detected. This set of
energy management policies comprises at least one energy man-
agement policy EMP having rules R used by the policy manage-
ment unit PMU connected to the energy resource controller ERC
to perform a local control of the associated energy resource
controller ERC, which in turn performs a local control of the

energy resource ER. After a loss or limitation of communica-
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tion of the communication link CL to the control unit CU has
occurred, the policy management unit PMU of the energy re-
source controller ERC is adapted to emulate a continued re-
ception of control parameters CP from said control unit CU on
the basis of the active set of energy management policies EMP
and to perform a continued local control of the associated
energy resource ER controlled by said energy resource con-
troller ERC using the control parameters CP and control lim-
its indicated by or derived according to the rules specified
by the active set of energy management policies EMP. In a
possible embodiment, the received set of energy management
policies EMP is stored automatically in the local memory M of
the energy resource controller ERC and can be accessed by the
policy management unit PMU. The stored rules R of said energy
management policies EMP used by the policy management unit
PMU of the energy resource controller ERC indicate a reaction
of the policy management unit PMU in response to measurements
m of (a) local parameters of said power supply grid PSG which
distributes power to the energy resources ER or which re-
ceives power from the energy resources ER controlled by said
energy resource controller ERC and/or (b) other local parame-

ters relevant for the operation of the energy resource ER.

The energy management policies EMP are generated by the con-
trol unit CU or loaded from a database and after their dis-
tribution can be used in case that a communication loss or
limitation is detected. After a loss of communication or in
case a limitation has been detected, the local policy manage-
ment unit PMU of the affected energy resource controller ERC
having lost the communication to the control unit selects and
loads the stored said energy management policy EMP from the
local memory M and executes the loaded energy management pol-

icy EMP.
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In a possible embodiment, the energy management policies EMP
are calculated by at least one processor of the control unit
CU depending on different data comprising a probability of
loss or limitation of the monitored communication links CL
between the control unit CU and the distributed energy re-
source controllers ERC of said energy management system
and/or depending on predicted local energy, power and/or
thermal states of the energy resources ER controlled by the
distributed energy resource controllers ERC after a loss or
limitation of communication of at least one monitored commu-

nication link CL has occurred.

The predicted local energy, power and/or thermal states of
the energy resources ER controlled by the distributed energy
resource controllers ERC can be predicted on the basis of
available global information including time information and
power supply grid frequency. Further, the predicted local en-
ergy states of the energy resources ER controlled by the dis-
tributed energy resource controllers ERC can be predicted on
the basis of available local information including for in-
stance weather information. Further, the predicted local en-
ergy states of the energy resources ER controlled by the dis-
tributed energy resource controllers ERC can be predicted in
a possible implementation on the basis of historic behavior
data about operation behavior of the respective energy re-
sources ER in the past before the loss or limitation of com-
munication of at least one monitored communication link CL
has been detected. The predicted operation behavior of an en-
ergy resource ER can be calculated in a possible implementa-
tion in real time after a loss or limitation of the communi-

cation link has been detected.
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After a loss or limitation of communication of the communica-
tion link CL to a control unit CU has occurred and been de-
tected, the policy management unit PMU of an energy resource
controller of an affected energy resource ER emulates a con-
tinued reception of control parameters CP from the control
unit CU on the basis of the active set of energy management
policies EMP received from the control unit CU. The energy
resource controller ERC further performs a continued local
control of the associated energy resource ER using the con-
trol parameters CP and control limits CL indicated by or de-
rived from a valid energy management policy EMP activated
from the stored set of energy management policies. The use of
the valid energy management policy EMP used by the policy
management unit PMU in response to the communication loss or
communication limitation indicates a reaction of the policy
management unit PMU and its energy resource controller ERC in
response to measurements m of local parameters. These local
parameters can comprise at least one measured value or time
series of one of the following

(a) power supply grid variables comprising a voltage fre-
quency of a voltage supplied by the power supply grid PSG, a
voltage level of a voltage at the location of the energy re-
source ER, spectrum data of supplied voltages, electrical
current data at the connection to the power supply grid,
phase shift data between voltage and current at the connec-
tion to the power supply grid and/or

(b) other wvariables, such as the power output of a local
power generator, the power consumption of a local power con-
sumer, the state of charge or state of supply of the energy
resource, the temperature of the energy resource or its envi-

ronment.
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The measurements m can be performed in a possible implementa-
tion by means of sensors located at the energy resource ER.
It is also possible that the measurements m are performed by
sensors at other energy resources ER of the same type located
in the vicinity of the affected energy resource ER, e.g. at a
neighbouring node of the power supply grid PSG. The measure-
ments m are performed during operation of the energy manage-
ment system and in particular when a loss or limitation of
communication of the communication link CL between the energy
resource controller ERC of the affected energy resource ER
and the control unit CU has occurred. Accordingly, the meas-
urements m can be performed permanently, i.e. periodically
during operation or event-driven, when a loss or limitation

of communication is detected.

The measurements m can comprise a different type of data in-
cluding context data comprising weather condition data indi-
cating a current or forecast weather condition at the loca-
tion of the energy resource ER as well as time data indicat-
ing a local time, date, day of week, or month at the location
of the energy resource ER as well as location data indicating

a current geographical location of the energy resource ER.

The measurements m can also comprise reliability data indi-

cating a reliability of the communication link CL between the
energy resource controller ERC and the control unit CU and/or
a reliability of the associated energy resource ER controlled

by the respective energy resource controller ERC.

The communication link CL as illustrated in Fig. 3 can in a
possible embodiment comprise a wired link via a communication
network, in particular a public communication network. It is

also possible that the communication link CL comprises a
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wireless link via a wireless communication network. In a
still further possible embodiment, the communication link CL
can also be a communication link via the power supply grid
PSG (power line communication PLC). With the energy manage-
ment system, it is further possible that some energy resource
controllers ERC are connected to the control unit CU via a
first type of communication link while other energy resource
controllers are connected to the control unit CU via a dif-
ferent type of communication links. The control unit CU de-
tects a loss or limitation of communication of a monitored
communication link CL to the energy resource controller ERC
of an energy resource ER in a possible implementation by
monitoring keep alive signals or keep alive messages trans-
mitted by the energy resource controller ERC to the control
unit CU wvia the respective communication link CL monitored by
the control unit CU. Alternatively, the control unit CU can
detect a loss or limitation of communication of a monitored
communication link CL to the energy resource controller ERC
of an energy resource ER in a possible implementation by ex-
amining responses from an energy resource controller ERC to
keep alive messages of keep alive signals or keep alive mes-
sages transmitted by the control unit CU to the energy re-

source controller ERC.

With the energy management system as illustrated in Fig. 1
having a central control unit CU, the central control unit CU
is adapted to transmit energy management policies with valid-
ity limits, for example separate energy management policies
for the long- and short-term, for instance via a public com-
munication network CNW to the energy resource controllers ERC
to enable a coordinated dispatching of the energy resources
ER by the energy resource controllers ERC, even if the commu-

nication network CNW breaks down or exhibits excessive laten-



10

15

20

25

30

WO 2014/040760 PCT/EP2013/057015
26

cies. The energy resource controllers ERC are adapted to
transmit keep alive signals or messages via the communication
network to the central control unit CU to enable the control
unit CU to monitor a policy activation status of the individ-
ual energy resource controllers ERC and to thereby predict
the dispatching of the individual energy resources ER even if
the communication network CNW breaks down. The energy re-
source controllers ERC can transmit local measurements m and
status information via the communication network CNW to the
central control unit CU to enable the control unit CU to plan
a dispatching of the energy resources ER and to generate en-
ergy management policies EMP with validity limits, for exam-
ple separate energy management policies for the long and

short term, based on the received information data.

In a possible embodiment, the set of energy management poli-
cies EMP can comprise a first energy management policy EMP1
having rules R used by the policy management unit PMU of the
energy resource controller ER during a predetermined time pe-
riod directly after a loss or limitation of communication has
occurred and detected as well as a second energy management
policy EMP2 having rules R which are used by the policy man-
agement unit PMU of the energy resource controller ERC after
the predetermined time period has expired. In a possible em-
bodiment, the control unit CU can transmit long- and short-
term energy management policies EMP via the communication
network CNW to the switchable energy resource controllers.
Optionally, an energy management policy EMP with the shortest
term can also be a one-time energy management policy which
corresponds to a direct setting of control parameters and/or
control limits on the energy resource ER by the control unit
CU. This can be preferable in case of a low-latency public

communication network.
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The use of long- and short-term energy management policies
EMP is in particular important in case of a partial breakdown
of the communication network CNW. In this case, the control
unit CU does calculate a policy activation status of the un-
reachable energy resources ER whose communication link CL has
been lost or limited based on the energy management policies
activated by the policy management unit PMU, the status in-
formation from the still reachable energy resource control-
lers ERC as well as context data including weather conditions
and historical status data (timelines). The short- and long-
term energy management policies EMP distributed to the reach-
able energy resource controllers ERC are set such that they
cover a delta between the predicted policy activation status
of the unreachable energy resource controllers ERC and the
requirements towards the entirety of the energy resource con-
trollers ERC. These requirements can include a shaving of a
peak load, a peak generation, the provisioning of a control

reserve, Or power quality corrections.

In the embodiment as illustrated in Fig. 2, there can be pro-
vided multiple control units CU wherein each of which can be
directly connected to an energy resource controller ERC. It
is also possible that some energy resource controllers ERC do
not have a control unit CU as also shown in Fig. 2. The dis-
tributed control units CU and all energy resource controllers
ERC are connected to the communication network CNW. Option-
ally, the energy resource controllers ERC which are directly
connected to the control units CU can omit a connection to
the communication network CNW. In a possible embodiment, the
control units CU negotiate the long- and short-term policies
EMP to be transmitted to the energy resource controllers ERC.

This negotiation can take place by a peer to peer mechanism,
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for instance by selection of a master control unit by means
of voting. The long- and short-term energy management poli-
cies EMP are then communicated via the communication network
to the control units CU. The distributed control units CU
maintain a common database with local measurements m of the
energy resource controllers ERC and the status of the energy
resource controllers ERC to enable the control units CU to
plan the dispatching of the energy resources ER and to gener-
ate long- and short-term energy management policies EMP based
on this plan. The common database can be maintained via a
peer to peer mechanism or by a replication mechanism. The en-
ergy resource controllers ERC can transmit keep alive mes-
sages or signals via the communication network CNW to one or
more control units CU to enable each control unit CU to moni-
tor the policy activation status of the individual energy re-
source controllers ERC and thereby predict a dispatching of
the individual energy resources ER, even if the communication
network CNW breaks down. The control units CU can transmit
keep alive signals or messages via the communication network
to each other to enable each control unit CU to monitor the
activity status of the other control units CU and to change
roles, if necessary. For example, if the keep alive messages
or signals from a master control unit are missing for a pre-
defined period, the other control units CU which still ex-
change keep alive signals or messages can elect a new master
control unit. In case of a split of the communication network
CNW into two domains, each control unit CU controls the en-
ergy resource controllers ERC which are still reachable by
the respective control unit CU. Responsibility for the grid
service would be assigned to the control units by the respec-
tive control unit itself according to a pre-negotiated or
pre-set split, which may depend on the number of energy re-

sources controllers which are still reachable by the respec-
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tive control unit. If multiple control units can reach the
energy resource controllers ERC in question, they can negoti-
ate the long- and short-term energy management policies EMP
to be transmitted to the energy resource controllers ERC by a
peer to peer mechanism, e.g. by selection of a master control

unit via voting.

Optionally, the energy management policy EMP with the short-

est term can also be a one-time policy which corresponds to a
direct setting of control parameters CP and/or control limits
CL on the energy resource by one control unit CU. This would

be particularly preferable in case of a low latency public

communication network.

Optionally, the control units CU can transmit long- and
short-term energy management policies via the communication
network only to the energy resource controllers ERC which are
reachable. This is important in the case of a partial break-
down of the communication network. In this case, the control
units CU do calculate the policy activation status of the un-
reachable energy resource controllers based on the status in-
formation from the reachable energy resource controllers ERC,
the weather condition data as well as historical status data.
The short- and long-term energy management policies distrib-
uted to the still reachable energy resource controllers can
be set to cover a delta between the predicted policy activa-
tion status of the unreachable energy resource controllers
and the requirements towards the entirety of the energy re-
source controllers. These requirements can again include the
shaving of a peak load, a peak generation, the provisioning

of a control reserve as well as power quality corrections.
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Fig. 4 shows a simple flow chart of a possible implementation
of a method for performing an energy management in a power
supply grid PSG according to a further aspect of the present
invention. In a first step S1, the communication links CL be-
tween at least one communication unit CU and the energy re-
source controllers ERC via the communication network CNW are
monitored. If a loss or limitation of communication of the
communication link CL between the energy resource controller
ERC of the affected energy resource ER and the communication
unit CU is detected, the predicted operation behavior of the
energy resource ER is calculated in step S$S2 by the control

unit CU.

The communication unit CU then controls the energy resource
controllers ERC of other remaining energy resources ER to
each of which a communication link CL via said communication
network CNW still exists depending on the calculated pre-
dicted operation behavior of the affected energy resource ER
whose energy resource controller ERC has at least partially

lost its communication link CL to the communication unit CU.

With the method according to the second aspect of the present
invention, an explicit signalling of energy management poli-
cies EMP between the control unit CU and the energy resource
controllers ERC is performed. In a simple case, the energy
management policy EMP can be to continue the operation in the
last set point for a certain period of time after a communi-
cation loss or limitation has been detected. In alternative
embodiments, the energy management policy EMP can contain in-
formation how the respective affected energy resource ER
shall react on local measurements m such as

(a) power supply grid variables comprising a voltage fre-

quency of a voltage supplied by the power supply grid PSG, a
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voltage level of a voltage at the location of the energy re-
source ER, spectrum data of supplied voltages, electrical
current data at the connection to the power supply grid,
phase shift data between voltage and current at the connec-
tion to the power supply grid and/or

(b) other wvariables, such as the power output of a local
power generator, the power consumption of a local power con-
sumer, the state of charge or state of supply of the energy
resource, the temperature of the energy resource or its envi-
ronment.

The control unit CU monitors the communication link CL and in
case of a loss or a limitation of communication can start to
estimate how the particular energy resource ER reacts on lo-
cal measurements m. Even though the estimation might not be
absolutely accurate, it allows using the affected energy re-
source ER although a loss or a limitation of communication
occurs. In the case of strict requirements on the grid ser-
vice, the control unit CU estimates values for those local
measurements m which cannot be reliably estimated from other
sources which reflect the worst case for the grid service
availability of the affected energy resource, and assumes a
reduced or diminished availability of the energy resource for
grid services as soon as the thusly predicted state of the
energy resource reaches a critical area and controls the re-
maining energy resources to compensate for the reduced or di-
minished availability of the affected energy resource. The
energy management policies transmitted to the energy resource
controllers ERC also cause an estimation of such worst-case
values, and cause the deployment of the energy resource for
grid service to reflect a reduced or diminished availability
of the energy resource for grid service even if the actual
availability of the energy resource as determined by the ac-

tual local measurements m is still outside the critical area.
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The method and apparatus according to the present invention
is well-suited for power supply systems although due to real
time constraints a control cannot be absolutely accurate and
this inaccuracy is compensated by spare energy resources and
balanced afterwards. However, the closer the forecast and the
predicted behavior is to the real operation behavior of an
affected energy resource ER and the more energy resources ER
can be used even though a communication link CL is broken or
limited, the more efficient these deployed energy resources

ER can be used in the energy management system.

In a possible embodiment, the control unit CU uses measure-
ments m of energy resources ER nearby and/or of the same type
as the energy resource whose communication link CL has been
lost or limited to estimate the local measurements m of the
energy resource ER with a loss of communication to estimate
based hereon a local setting of operation of the energy re-
source ER depending on the communicated energy management

policy EMP.

In a possible embodiment, the measurements m can include cur-
rent or forecast data. The measurements m can include meas-
urements over time to optimize the energy management. The
measurements m can also provide reliability information data
about the communication link CL or even reliability data of
the resgspective energy resource ER. In a still further possi-
ble implementation, the control unit CU can also consider
known or measured reliability statistics of a particular en-
ergy resource ER for policy setting, e.g. the usage limits of
the energy management policy EMP can be broader in case of a

reliable energy resource.
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In a still further possible embodiment, the control unit CU
can transmit several energy management policies EMP to a par-
ticular energy resource controller ERC of an energy resource
ER to address different cases of loss of control, e.g. an en-
ergy management policy EMP for loss of communication or con-
trol with a short duration and another energy management pol-
icy EMP for loss of control or communication with a long du-
ration. For instance, in the case of a short duration, the
energy management policy EMP can be to continue operation in
the same set point, whereas in case of a long duration of the
communication loss, also the estimation of the grid status

over daytime is considered to modify a set point accordingly.

In addition, in a possible embodiment, regular and/or spe-
cific local usage patterns can be considered for a policy
setting, e.g. at a particular point in daytime, loads con-
nected to the power supply grid PSG can be switched on which
reduces the remaining usage of the energy resource ER. In
this case, the predicted daily load can be taken into account
and a reduced usage of the energy resource ER is set for this
daytime even in case that the communication is lost at that
point of time. In addition, the control unit CU can estimate
the operation behavior of an energy resource ER even in the
case of communication loss and can compensate this effect by
directly controlling and/or providing suitable energy manage-

ment policies EMP for other not affected energy resources ER.

In a possible implementation, the energy management policy
EMP sent by the control unit CU can consist of the following
control parameters CP and control limits comprising maximum
and minimum charging currents for local usage, a current to
be employed in grid balancing as a target value or a target

function of voltage and frequency, the limits for the state
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of charge of the storage unit for local usage or equivalently
the limits for local energy usage, the expiry times during
which the above control parameters are valid individually as
well as the times after which certain parts of operation are
to be discontinued. Optionally, the control parameters CP can
comprise alternative sets of control parameters CP and con-
trol limits with later expiry times. At all times where a
communication is lost to a given energy resource ER and a
given control limit or control parameter CP is no longer
valid but a not yet discontinued part of operation of the en-
ergy resource ER depends on it, the control unit CU can cal-
culate a most likely value for the given control limit or
control parameter CP which is currently effective on the en-
ergy resource ER. Depending on the requirements of the grid
service, the control unit CU can also calculate a worst-case
value. Energy management policies EMP of the energy resources
ER which can still be reached by the communication unit CU
are then set to reflect the most likely values or worst-case
values of all the energy resources ER which can no longer be
reached by the communication links CL and such that all the
energy resources ER in total still serve all the required ap-
plications such as local buffering of a renewable energy re-

source and to provide grid services.

If a communication link CL is broken or limited, the control
unit CU makes an assumption about the local situation of the
distributed energy resource ER, e.g. at the battery storage.
If the estimation has a certain likelihood to be accurate or
close to accurate, the energy management system according to
the present invention acts accordingly to this likelihood and
controls the other energy resources ER without having de-
tailed information of the particular affected energy re-

source. This has as a consequence a better balanced use of
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energy resources ER when compared to shutting them simply
down in case of loss of communication. The communication link
CL does not only provide means of information transfer but
also the electrical system measured at several points does
provide information transfer if these measurements are used
for estimation. The same is true for measurements over time
or of weather conditions which due to renewable energy re-
sources ER do influence the electrical power system. The in-
vention provides a reliable and effective energy management
system, even for a system using an unreliable communication

network.

In the following, a simple example is given for illustrating
the operation of the method and apparatus according to the

present invention.

Example: Three batteries B1-B3 in residential homes provide
primary control power with a positive reserve of 30kW (dis-
charging the battery) and a negative reserve of 30kW (charg-
ing the battery, 30kW=100% in the following). The actual
emitted (positive) or absorbed (negative) control power de-
pends linearly on the deviation of the grid frequency from
50Hz and is capped at 49.8Hz and 50.2Hz. The grid frequency
is measured at each house. Each battery B can absorb and emit
a maximum of 15kW of power and store a maximum of 10kWh of
energy (10kWh=100%). At a time t 0, the following 1s the per-

tinent state of the system:

Bl B2 B3
SoC 10% 80% 80%
Battery power output 0% 0% 0%

Battery power input 0% 0% 0%



10

15

20

25

30

WO 2014/040760 PCT/EP2013/057015

36
Negative reserved control power (charge) 50% 25% 25%
Positive reserved control power (discharge) 0% 50% 50%
Grid fregquency 50.0 50.0 50.0

At this point, the connection between the control unit CU and
the ERC of Bl is lost. In a conventional system, battery Bl
immediately ceases operation and the control unit CU re-
distributes the contribution of Bl to B2 and B3. The perti-

nent status of the system thus changes to the following:

B1 B2 B3
SoC 10% 80% 80%
Battery power output 0% 0% 0%
Battery power input 0% % %
Negative reserved control power (charge) 0% 50% 50%
Positive reserved control power (discharge) 0% 50% 50%
Grid fregquency 50.0 50.0 50.0

If now an oversupply in the power supply grid PSG occurs the

status changes to:

B1 B2 B3
SoC 10% 80% 80%
Battery power output 0% % %
Battery power input 0% 50% 50%
Negative reserved control power (charge) 0% 50% 50%
Positive reserved control power (discharge) 0% 50% 50%
Grid fregquency 50.2 50.2 50.2

After several, e.g., 8 minutes of operation under these con-

ditions, the state of the system is:
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B1 B2 B3

SoC 10% 100% 100%
Battery power output 0% % %
Battery power input 0% 0% 0%
Negative reserved control power (charge) 0% 50% 50%
Positive reserved control power (discharge) 0% 50% 50%
Grid fregquency 50.2 50.2 50.2

This signals system failure: Neither B2 nor B3 are capable to
work against the grid instability anymore (note that the cur-
rent setup of the European grid requires the capability of
primary control reserves to perform against a 50.2 Hz fre-

quency for 15 minutes).

In contrast, with the method according to the present inven-

tion, if the connection to Bl is lost, the pertinent state is
unchanged if the energy management policy EMP assigned to Bl

is simply to continue in the same operational mode until 50%

charge is reached or until one hour has passed, whichever

comes earlier:

B1 B2 B3
SoC 10% 80% 80%
Battery power output 0% % %
Battery power input 0% % %
Negative reserved control power (charge) 50% 25% 25%
Positive reserved control power (discharge) 0% 50% 50%
Grid fregquency 50.0 50.0 50.0

If now the same oversupply in the power supply grid PSG as

above occurs:
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B1 B2 B3
SoC 10% 80% 80%
Battery power output 0% % %
Battery power input 50% 25% 25%
Negative reserved control power (charge) 50% 25% 25%
Positive reserved control power (discharge) 0% 50% 50%
Grid fregquency 50.2 50.2 50.2

After several, e.g., 8 minutes of operation, the state is as

follows:

B1 B2 B3
SoC 30% 90% 90%
Battery power output -50% -25% -25%
Negative reserved control power (charge) 50% 25% 25%
Positive reserved control power (discharge) 0% 50% 50%
Grid fregquency 50.2 50.2 50.2

The system is still fully operational. This is known to the
control unit CU, as Bl’s state of charge can be calculated to
be 30% from the frequency measurements of B2 or B3 and the
policy for Bl. Therefore, there is no need to reconfigure the
system. As a further advantage battery Bl is much closer to
50% charge than after 8 minutes of operation before imple-

menting the method according to the present invention.

After 15 minutes of operation, the state is as follows:

B1 B2 B3
SoC 48% 99% 99%
Battery power output % % %
Battery power input 50% 25% 25%

Negative reserved control power (charge) 50% 25% 25%
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Positive reserved control power (discharge) 0% 50% 50%
Grid fregquency 50.2 50.2 50.2

The system is still fully operational after 15 minutes. Note
that this is the current requirement for primary control pow-
er. The state of the system including the state of battery Bl
is known to the controller since it can be calculated from
the frequency measurement of battery B2 or battery B3 and the
energy management policy EMP for battery Bl.
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Claims:

An energy management system of a power supply grid (PSG),
comprising:

at least one control unit (CU) connected to distributed
energy resource controllers (ERC) of energy resources
(ER) of said power supply grid (PSG) by means of a commu-
nication network (CNW),

wherein said control unit (CU) monitors communication
links (CL) between said control unit (CU) and the energy
resource controllers (ERC) via said communication network
(CNW) ,

wherein said control unit (CU) is adapted to calculate a
predicted operation behavior of an energy resource con-
trolled (ERC) by an energy resource controller (ERC) if a
loss of communication or a communication bandwidth limi-
tation of the monitored communication link (CL) to said

energy resource controller (ERC) is detected.

The energy management system according to claim 1,
wherein the control unit (CU) is adapted to control en-
ergy resource controllers (ERC) of other energy resources
(ER) of said power supply grid (PSG) to which a communi-
cation link (CL) wvia said communication network (CNW)
still exists depending on the calculated predicted behav-
ior of the affected energy resource (ER) whose energy re-
source controller (ERC) has lost its communication link
(CL) to said control unit (CU) or where the communication

bandwidth of the communication link (CL) 1s limited.

The energy management system according to claim 2,
wherein said control unit (CU) is adapted to calculate

energy management policies and to distribute them to en-
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ergy resource controllers (ERC) of said energy management
system such that after a loss or a limitation of communi-
cation between said control unit (CU) and at least one
affected energy resource controller (ERC) has been de-
tected, the distributed energy management policies exe-
cuted by the energy resource controllers (ERC) provide
collectively sufficient power for power supply grid ser-

vices.

The energy management system according to claim 3,
wherein after a loss or a limitation of communication be-
tween said control unit (CU) and at least one affected
energy resource controller (ERC) has been detected, a lo-
cal optimization of individual energy resources (ER) con-
trolled by the energy resource controllers (ERC) is per-
formed on the basis of the energy management policies
calculated and distributed by the control unit (CU) of
said energy management system to said energy resource
controllers (ERC) before the loss or limitation of commu-

nication has occurred.

The energy management system according to claim 4,
wherein after a loss or limitation of communication be-
tween said control unit (CU) and at least one affected
energy resource controller (ERC) has been detected, a
global optimization of the total energy resources (ER)
controlled by the energy resource controllers (ERC) is
performed on the basis of the energy management policies
calculated and distributed by the control unit (CU) of
said energy management system to said energy resource
controllers (ERC) before the loss or limitation of commu-

nication has occurred.
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The energy management system according to claim 3,
wherein the energy management policies calculated by at
least one processor of said control unit (CU) are calcu-
lated depending on a probability of loss or limitation of
the monitored communication links (CL) between said con-
trol unit (CU) and the distributed energy resource con-
trollers (ERC) of said energy management system and/or
depending on predicted local energy states of the energy
resources (ER) controlled by the distributed energy re-
source controllers (ERC) after the loss or limitation of
communication of at least one monitored communication

link (CL) has occurred.

The energy management system according to claim 6,
wherein the predicted local energy states of the energy
resources (ER) controlled by the distributed energy re-
source controllers (ERC) are predicted on the basis of
available global information including time information
data and/or grid frequency and/or on the basis of avail-
able local information including weather information
and/or on the basis of historic behavior data about the
operation behavior of the energy resources (ER) in the
past before the loss or limitation of communication of at
least one monitored communication link (CL) has been de-

tected.

The energy management system according to claim 1,
wherein said control unit (CU) is a central control cen-
ter or is formed by distributed control entities adapted
to calculate the predicted operation behavior of the af-
fected energy resource (ER) on the basis of the active
set of energy management policies transmitted by said

control unit (CU) wvia the communication link (CL) to the



10

15

20

25

30

WO 2014/040760 PCT/EP2013/057015

10.

11.

43

energy resource controller (ERC) of the affected energy
resource (ER) before a loss or limitation of communica-

tion of said communication link (CL) 1s detected.

The energy management system according to claim 1,
wherein said set of energy management policies comprises
at least one energy management policy having rules used
by a policy management unit (PMU) connected to the energy
resource controller (ERC) to perform a local control of

the associated energy resource (ER).

The energy management system according to claim 9,
wherein the control unit (CU) and the policy management
unit (PMU) of an energy resource controller (ERC) calcu-
late predicted operation behavior of the energy resource
(ER) after a loss or limitation of communication has been
detected based on measurements (M) known simultaneously
to both the control unit (CU) and the policy management
unit (PMU) and based on values communicated from the con-
trol unit (CU) to the policy management unit (PMU) before
the loss or limitation of communication has occurred and
where the policy management unit (PMU) controls the op-

eration behavior.

The energy management system according to claim 9,
wherein after a loss or a limitation of communication of
the communication link (CL) to said control unit (CU) has
occurred said policy management unit (PMU) of the energy
resource controller (ERC) is adapted to emulate a contin-
ued reception of control parameters from said control
unit (CU) on the basis of the active set of energy man-
agement policies and to perform a continued local control

of the associated energy resource (ER) controlled by said
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energy resource controller (ERC) using the control pa-
rameters within control limits indicated by the set of

energy management policies.

The energy management system according to claim 11,
wherein the rules of said energy management policies used
by the policy management unit (PMU) of the energy re-
source controller (ERC) indicate a reaction of the policy
management unit (PMU) in response to measurements (M) of
local parameters of said power supply grid (PSG) distrib-
uting power to the energy resource (ER) or receiving
power from the energy resource (ER) being controlled by

said energy resource controller (ERC).

The energy management system according to claim 12,
wherein said local parameters comprise at least one meas-
ured value or time series of at least one of the follow-
ing variables: voltage frequency, voltage, spectra of the
voltage, current, phase shift between voltage and cur-
rent, state of charge or state of supply of the energy
management unit, temperature of the energy resource (ER)

or the environment of the energy resource (ER).

The energy management system according to claim 12,
wherein said measurements (M) are performed by means of
sensors located at the energy resource (ER) and/or at
other energy resources (ER) of the same type located in
the vicinity of the affected energy resource (ER) when a
loss or limitation of communication of the communication
link (CL) between the energy controller of the affected
energy resource (ER) and the control unit (CU) has oc-

curred.
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The energy management system according to claim 12,
wherein said measurements (M) comprise context data in-
cluding

weather condition data indicating a current and/or fore-
cast weather condition at the location of the energy re-
source (ER),

time data indicating a local time, date, day of week,
and/or month at the location of the energy resource (ER),
and

location data indicating a current geographical location

of the energy resource (ER).

The energy management system according to claim 1,
wherein said energy resource (ER) is immobile and located
at a fixed location and connected permanently to the
power supply grid (PSG) or mobile and moveable between
different locations and connectable to the power supply

grid (PSG).

The energy management system according to claim 1,
wherein said energy resource (ER) is adapted to feed
electrical power into said power supply grid (PSG) and/or
to draw electrical power from said power supply grid

(PSG) and/or to store electrical power (PSG).

The energy management system according to claim 12,
wherein said measurements (M) comprise reliability data
indicating a reliability of the communication link (CL)
between the energy resource controller (ERC) and the con-
trol unit (CU) and/or a reliability of the associated en-

ergy resource (ER).
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The energy management system according to claim 8,
wherein said set of energy management policies comprises
a first energy management policy having rules used by the
policy management unit (PMU) of the energy resource con-
troller (ERC) during a predetermined time period directly
after a loss or limitation of communication has occurred
and a second energy management policy having rules used
by the policy management unit (PMU) of the energy re-
source controller (ERC) after the predetermined time pe-

riod has expired.

The energy management system according to claim 1,
wherein said communication link (CL) comprises a wired or
wireless link via a communication network (CNW) and/or a

communication link (CL) via said power supply grid (PSG).

The energy management system according to claim 1,
wherein said control unit (CU) is adapted to detect a
loss or limitation of communication of a monitored commu-
nication link (CL) to an energy resource controller (ERC)
of an energy resource (ER) by monitoring keep alive sig-
nals or keep alive messages transmitted by the energy re-
source controller (ERC) to the control unit (CU) via said
communication link (CL) or by examining the responses to
keep alive signals or keep alive messages transmitted by
the control unit (CU) to the energy resource controller

(ERC) wvia said communication link(CL).

A method for performing an energy management in a power
supply grid comprising distributed energy resources (ER)
having energy resource controllers (ERC) connected to at
least one control unit (CU) by means of a communication

network (CNW), comprising the steps of:
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(a) monitoring the communication links (CL) between said
at least one communication unit (CU) and the energy
resource controllers (ERC) via said communication
network (CNW) ;

(b) calculating a predicted operation behavior of an en-
ergy resource (ER) if a loss or limitation of commu-
nication of the communication link (CL) between the
energy resource controller (ERC) of the affected en-
ergy resource (ER) and the communication unit (CU) is

detected.

The method according to claim 22, wherein the communica-
tion unit (CU) controls the energy resource controllers
(ERC) of other remaining energy resources (ER) to each of
which a communication link (CL) via said communication
network (CNW) still exists depending on a calculated pre-
dicted operation behavior of the affected energy resource
(ER) whose energy resource controller (ERC) has at least
partially lost its communication link (CL) to said commu-

nication unit (CU).
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