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COMPUTER-IMPLEMENTED METHOD FOR MANAGING DISTRIBUTED
ENERGY STORAGE SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates to distributed
energy storage systems, and more particularly to a com-
puter-implemented method for managing a distributed en-
ergy storage system, a computing device, a distributed

energy storage system, and a computer program product.

BACKGROUND

[0002] A distributed energy storage (DES) can comprise
a large number of nodes, and each node can be powered
by, for example, the power grid or by a battery system
connected to the node. When working in national fre-
quency reserve markets, the market operator can require
each participant to deliver a selected amount of fre-
quency balancing capacity for the market during the time
of resource activation. The activated frequency balanc-
ing capacity is usually not allowed to fluctuate sig-
nificantly from its intended setpoint, and sanctions
against the participants can be put in case the partic-
ipant is not able to deliver steady capacity for the

market.

SUMMARY

[0003] This summary is provided to introduce a selec-

tion of concepts in a simplified form that are further
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described below in the detailed description. This sum-
mary is not intended to identify key features or essen-
tial features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed

subject matter.

[0004] It is an objective to provide a computer-im-
plemented method for managing a distributed energy stor-
age system, a computing device, a distributed energy
storage system, and a computer program product. The
foregoing and other objectives are achieved by the fea-
tures of the independent claims. Further implementation
forms are apparent from the dependent claims, the de-
scription and the figures.

[0005] According to a first aspect, a computer-imple-
mented method for managing a distributed energy storage
system comprising a plurality of nodes coupled to a
power grid, wherein each node comprises at least one
energy storage, comprises: receiving an activation sig-
nal for power grid frequency balancing comprising a fre-
quency balancing capacity requirement; selecting nodes
out of the plurality of nodes to be activated and/or
deactivated for the power grid frequency balancing ac-
cording to the frequency balancing capacity reguirement;
activating and/or deactivating the selected nodes for
the power grid frequency balancing; monitoring, during
the power grid frequency balancing, whether a power
quantity of the selected nodes deviates from the fre-
quency balancing capacity requirement, wherein the power

quantity is based on a measurement of the at least one
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energy storage of each node in the selected nodes; and
in response to the power quantity deviating from the
frequency balancing capacity requirement, reselecting
nodes out of the plurality of nodes to be activated
and/or deactivated for the power grid frequency balanc-
ing according to the frequency balancing capacity re-
quirement. The method can, for example, ensure that the
distributed energy storage system keeps fulfilling the

frequency balancing capacity requirement.

[0006] In an implementation form of the first aspect,
the power quantity deviating from the frequency balanc-
ing capacity requirement comprises a deviation between
the power quantity and the frequency balancing capacity
requirement being greater than a preconfigured deviation
threshold wvalue. The method can, for example, effi-
ciently detect when the power quantity deviates from the

frequency balancing capacity reguirement.

[0007] In another implementation form of the first
aspect, the selecting nodes out of the plurality of
nodes to be activated and/or deactivated for the power
grid freguency balancing according to the frequency bal-
ancing capacity requirement comprises: selecting the
nodes out of the plurality of nodes according to a fre-
quency balancing capacity of each node in the plurality
of nodes. The method can, for example, efficiently se-
lect nodes out of the plurality of nodes to be activated
and/or deactivated for the power grid frequency balanc-
ing according to the frequency balancing capacity re-

guirement.
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[0008] In another implementation form of the first
aspect, the selecting the nodes out of the plurality of
nodes according to the frequency balancing capacity of
each node in the plurality of nodes comprises: obtaining
the frequency balancing capacity of each node in the
plurality of nodes from a frequency balancing capacity
database. The method can, for example, efficiently se-
lect the nodes out of the plurality of nodes based on
the frequency balancing capacity of each node obtained

from the frequency balancing capacity database.

[0009] In another implementation form of the first
aspect, the reselecting nodes out of the plurality of
nodes to be activated and/or deactivated for the power
grid freguency balancing according to the frequency bal-
ancing capacity requirement comprises: in response to
an aggregate of the power quantity of the selected nodes
being less than the frequency balancing capacity re-
guirement, increasing a number of nodes in the selected
nodes; and/or in response to an aggregate of the power
quantity of the selected nodes being greater than the
frequency balancing capacity requirement, decreasing a
number of nodes in the selected nodes. The method can,
for example, appropriately reselect nodes out of the
plurality of nodes when the aggregate of the power quan-
tity of the selected nodes is less or greater than the
frequency balancing capacity reguirement.

[0010] In another implementation form of the first
aspect, the monitoring whether the power quantity of the

selected nodes deviates from the frequency balancing
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capacity requirement comprises obtaining the power guan-
tity of each node in the selected nodes from a power
quantity database. The method can, for example, effi-
ciently monitor whether the power quantity of the se-
lected nodes deviates from the frequency balancing ca-
pacity reguirement based on the power quantity of each
node in the selected nodes obtained from the power quan-

tity database.

[0011] In another implementation form of the first
aspect, +he at least one energy storage comprises at
least one battery. The method can, for example, ensure
that the distributed energy storage system keeps ful-
filling the frequency balancing capacity requirement
even when properties of £he at least one battery of the
nodes cause the power gquantity of the selected nodes to
deviate from the frequency balancing capacity require-

ment.

[0012] In another implementation form of the first
aspect, activating the selected nodes for the power grid
frequency balancing comprises: in response to the fre-
quency balancing capacity requirement corresgsponding to
up regulation of the power grid, powering each node of
the selected nodes using the at least one energy storage
of the node and/or feeding power to the power grid from
the at least one energy storage of the node; and/or in
response to the frequency balancing capacity requirement
corresponding to down regulation of the power grid,
charging the at least one energy storage of each node

in the selected nodes using power from the power grid.
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The method can, for example, ensure that the distributed
energy storage system keeps fulfilling the frequency
balancing capacity regquirement when the frequency bal-
ancing capacity requirement corresponding to up or down
regulation of the power grid.

[0013] In another implementation form of the first
aspect, each node in the plurality of nodes comprises a
rectifier for charging ke at least one energy storage
using power from the power grid; and/or each node in the
plurality of nodes comprises an inverter for feeding
power to the power grid from the at least one energy
storage. The method can, for example, efficiently fulfil
the frequency balancing capacity requirement by con-
trolling power between the at least one energy storage
of the nodes and the power grid.

[0014] In another implementation form of the first
aspect, the power guantity comprises a current and a
voltage of at least one energy storage. The method can,
for example, efficiently detect when the selected nodes
cannot fulfil the frequency balancing capacity require-
ment.

[0015] In another implementation form of the first
aspect, the power guantity comprises a product of a
current and a voltage of at least one energy storage.
The method can, for example, efficiently detect when the
selected nodes cannot fulfil the frequency balancing
capacity requirement.

[0016] According to a second aspect, a computing de-

vice comprises at least one processor and at least one
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memory including computer program code, the at least one
memory and the computer program code being configured
to, with the at least one processor, cause the computing
device to perform the method according to the first

aspect.

[0017] According to a third aspect, a distributed en-
ergy storage system comprises a plurality of nodes cou-
pled to a power grid, wherein each node comprises at
least one energy storage, and the computing device ac-
cording to the second aspect.

[0018] According to a fourth aspect, a computer pro-
gram product comprises program code configured to per-
form the method according to the first aspect when the
computer program product is executed on a computer.
[0019] Many of the attendant features will be more
readily appreciated as they become better understood by
reference to the following detailed description consid-

ered in connection with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0020] In the following, example embodiments are de-
scribed in more detail with reference to the attached
figures and drawings, in which:

[0021] Fig. 1 illustrates a flow chart representation
of a method according to an embodiment;

[0022] Fig. 2 illustrates a schematic representation
of a node according to an embodiment;

[0023] Fig. 3 i1llustrates a plot representation of DES

system power consumption according to an embodiment;
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[0024] Fig. 4 1llustrates a plot representation of
activated frequency balancing capacity according to an

embodiment;

[0025] Fig. 5 illustrates a flow chart representation

of a procedure according to an embodiment;

[0026] Fig. 6 illustrates a schematic representation

of databases according to an embodiment;

[0027] Fig. 7 illustrates a schematic representation
of a computing device according to an embodiment; and

[0028] Fig. 8 illustrates a schematic representation
of a distributed energy storage system according to an

embodiment.

[0029] In the following, like reference numerals are
used to designate like parts in the accompanying draw-

ings.

DETAILED DESCRIPTION

[0030] In the following description, reference is made
to the accompanying drawings, which form part of the
disclosure, and in which are shown, by way of illustra-
tion, specific aspects in which the present disclosure
may be placed. It is understood that other aspects may
be utilised, and structural or logical changes may be
made without departing from the scope of the present
disclosure. The following detailed description, there-
fore, is not to be taken in a limiting sense, as the
scope of the present disclosure is defined by the ap-

pended claims.
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[0031] For instance, 1t 1is understood that a disclo-
sure in connection with a described method may also hold
true for a corresponding device or system configured to
perform the method and vice versa. For example, 1f a
specific method step is described, a corresponding de-
vice may include a unit to perform the described method
step, even if such unit is not explicitly described or
illustrated in the figures. On the other hand, for ex-
ample, if a specific apparatus is described based on
functional units, a corresponding method may include a
step performing the described functionality, even if
such step is not explicitly described or illustrated in
the figures. Further, it is understood that the features
of the various example aspects described herein may be
combined with each other, unless specifically noted oth-

erwise.

[0032] Fig. 1 illustrates a flow chart representation

of a method according to an embodiment.

[0033] According to an embodiment, a computer-imple-
mented method 100 for managing a distributed energy
storage system comprising a plurality of nodes coupled
to a power grid, wherein each node comprises at least
one energy storage, comprises receiving 101 an activa-
tion signal for power grid frequency balancing compris-

ing a frequency balancing capacity reguirement.

[0034] The at least one energy storage can comprise,
for example, at least one battery.

[0035] A distributed energy storage (DES) can comprise

a large number of nodes, and each node can be powered
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by, for example, the power grid or by a battery system

connected to the node.

[0036] The activation signal may be provided by, for
example, a grid operator. When working in national fre-
quency reserve markets, the grid operator can reguire
each participant to deliver a selected amount of fre-
quency balancing capacity for the market during the time
of resource activation. The activated frequency balanc-
ing capacity is usually not allowed to fluctuate sig-
nificantly from its intended setpoint, and the partic-
ipants can be sanctioned in case the participant is not
able to deliver steady frequency balancing capacity for
the market.

[0037] The method 100 may further comprise selecting
102 nodes out of the plurality of nodes to be activated
and/or deactivated for the power grid frequency balanc-
ing according to the frequency balancing capacity re-
guirement.

[0038] Herein, selecting 102 nodes out of the plural-
ity of nodes to be activated and/or deactivated for the
power grid frequency balancing may comprise configuring
which nodes are used for the power grid frequency bal-
ancing. For example, when a node is activated for the
power grid frequency balancing, the node can be config-
ured to, for example, in the case of up regulation, feed
power to the power grid from the at least one energy
storage of the node or to, in the case of down regula-
tion, charge the at least one energy storage of the node

using power from the power grid.
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[0039] The method 100 may further comprise activating
and/or deactivating 103 the selected nodes for the power

grid frequency balancing.

[0040] Battery operated nodes can require charging and
discharging actions of the batteries to deliver up and
down regulation to the market. A problem can occur when,
for example, the battery is not able to charge or dis-
charge fully according to its specification. For exam-
ple, once the battery voltage drops beyond a certain
limit, the battery may not be able to deliver enough
current to drive the system load of the node and the
power source of the node may need to be activated to
assist the battery. This can in turn affect the fre-
quency balancing capacity of the node. In the same fash-
ion, the charging current can be limited when, for ex-
ample, batteries are almost full, the ambient tempera-
ture is too high/low, and/or other factors limit the

charging of the batteries.

[0041] Further, since batteries of different chemis-
tries, ages, vendors etc. behave differently, it may not
be feasible to make simple heuristics for controlling
the batteries in a completely predictable way. Alterna-
tively or additionally, the nodes could comprise other
power source, such as solar power, the output power of

which may be difficult to predict.

[0042] The method 100 may further comprise monitoring
104, during the power grid frequency balancing, whether
a power quantity of the selected nodes deviates from the

frequency balancing capacity requirement, wherein the
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power quantity is based on a measurement of the at least

one energy storage of each node in the selected nodes.

[0043] Since the power quantity is based on a meas-
urement of the at least one energy storage of each node
in the selected nodes, the power quantity can more ac-
curately reflect the frequency balancing capacity of the
selected nodes.

[0044] The method 100 may further comprise, in re-
sponse to the power guantity deviating from the fre-
quency balancing capacity requirement, reselecting 105
nodes out of the plurality of nodes to be activated
and/or deactivated for the power grid frequency balanc-
ing according to the frequency balancing capacity re-

guirement.

[0045] The method 100 can utilise a feedback mechanism
that uses real measurements between node battery, power
source and load to adjust the real activated frequency
balancing capacity seen from the grid operator’s point
of view. The method 100 can, for example, enable the
market participants to deliver stable frequency balanc-
ing capacity activation to the grid.

[0046] According to an embodiment, the power quantity
deviating from the frequency balancing capacity require-
ment comprises a deviation between the power quantity
and the frequency balancing capacity requirement being
greater than a preconfigured deviation threshold value.
[0047] The preconfigured deviation threshold wvalue
may be, for example, preconfigured by an administrator

of the distributed energy storage system.
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[0048] According to an embodiment, the selecting 102
nodes out of the plurality of nodes to be activated
and/or deactivated for the power grid frequency balanc-
ing according to the frequency balancing capacity re-
guirement comprises selecting the nodes out of the plu-
rality of nodes according to a freguency balancing ca-
pacity of each node in the plurality of nodes.

[0049] Fig. 2 illustrates a schematic representation

of a node according to an embodiment.

[0050] Fach node 200 can comprise at least one power
source 201. The power source 201 can be, for example,
electrically coupled to the power grid. Alternatively
or additionally, the power source 201 may comprise some
other type of power source, such as a renewable energy
power source. For example, the power source 201 may
comprise at least one solar panel, at least one wind

turbine, and/or similar.

[0051] According to an embodiment, each node 200 in
the plurality of nodes comprises a rectifier for charg-
ing the at least one energy storage using power from the
power grid and/or each node 200 in the plurality of
nodes comprises an inverter for feeding power to the

power grid from the at least one energy storage.

[0052] For example, if the node 200 comprises a direct
current (DC) system, such as in the embodiment of Fig.
2, the at least one power source 201 can comprise at
least one rectifier for converting the alternating cur-
rent (AC) to DC compatible with the node 200. For exam-

ple, £he at least one rectifier can convert 230-volt AC
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to 48-volt DC. The at least one power source 201 can be
used to drive a system load 202. The at least one power
source 201 can also be used to provide power to £he at

least one energy storage 203.

[0053] According to an embodiment, the at least one

energy storage 203 comprises at least one battery.

[0054] In other embodiments, the at least one energy
storage 203 may comprise alternatively or additionally,
for example, a capacitor, a supercapacitor, and/or sim-

ilar.

[0055] For example, 1in the embodiment of Fig. 2, the
at least one energy storage 203 comprises a main battery
204 and a secondary battery 205. The secondary battery
205 can comprise, for example, a battery of an electric
vehicle. The secondary battery 205 can be connected, for
example, in parallel with the main battery 204 for bi-
directional charging. When the secondary battery 205 is
connected, it can provide additional current to the node
200 on demand to meet the system load 202 or inverter
206 requirements.

[0056] The rectifier can be “partly” used if the ter-
minal voltage of the rectifier is set slightly lower
than the battery voltage. In such a configuration, some
current is drawn to the system load 202 from the recti-

fier and some from the battery.

[0057] The at least one energy storage 203 can be used
to drive the system load 202 when being controlled to,
and to receive charge from the power source 201 during

recharge periods. The current from/to the at least one
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energy storage 203 is not always its theoretical maximum
due to various factors, such as those disclosed herein.
The method 100 and various embodiments disclosed herein
can take this into account in the power grid frequency

balancing.

[0058] The system load 202 can comprise, for example,
various eguipment consuming power, the type of the
equipment can be essentially anything consuming elec-
tricity. If the power source 201 is partly pushing cur-
rent to the system load 202, the frequency balancing
capacity for up regulation of the node 200 may not be
equal to its power consumption but less.

[0059] For example, the node 200 may be embodied in a
base station of a telecommunication network. The system
load 202 may comprise equipment of the base station. The
at least one energy storage 203 can be used for power
redundancy of the base station in addition to power grid

frequency balancing.

[0060] The node 200 can further comprise at least one
inverter 206 that can be electrically coupled to the at
least one energy storage 203 and to the power grid. The
at least one inverter 206 can be used to push electricity
back to the power grid from the at least one energy

storage 203.

[0061] Fig. 3 i1llustrates a plot representation of DES
system power consumption according to an embodiment.
[0062] Reserve market operators can send activation

signals for power grid frequency balancing to the par-
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ticipants. The activation signal can request for a cer-
tain fregquency balancing capacity from the DES system,

such as +1MW.

[0063] The participant can select enough nodes so that
the aggregate frequency balancing capacity of the se-
lected nodes corresponds to what the market operator is
requesting.

[0064] The node selection process can be the following
for up regulation:

1. Obtain a historical power consumption of the
system load of each node 200.

2. Select enough nodes so that the aggregate power
consumption as close as possible to the frequency bal-
ancing capacity requirement. The power consumption of
each node 200 may be used as the frequency balancing
capacity of the node 200.

3. Activate the selected nodes so that they are

powered by batteries instead of rectifiers.

[0065] The node selection process can be the following
for down regulation:

1. Fetch a historical power consumption of the
system load and the maximum rectifier capacity of each
node 200.

2. Select enough nodes to that the aggregate fre-
quency balancing capacity is as close as possible the
requested fregquency balancing capacity. The aggregated
frequency balancing capacity can be calculated as a sub-
traction between the maximum rectifier capacity and the

power of the system load, i.e., MAX RECTIFIER CAPACITY
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- SysPower. The maximum rectifier capacity can be lim-
ited by, for example, the maximum physical properties
in the power equipment or by software limitations in the

power equipment.

[0066] The steps disclosed above can be used to cal-
culate a theoretical frequency balancing capacity for
power grid fregquency balancing for a DES system. How-
ever, due to the aforementioned dynamic situations, the
allocated power grid frequency balancing capacity may
not always be constant for the whole activation period.
[0067] According to an embodiment, the activating
and/or deactivating 103 the selected nodes for the power
grid frequency balancing comprises: in response to the
frequency balancing capacity requirement corresponding
to up regulation of the power grid, powering each node
of the selected nodes using the at least one energy
storage of the node and/or feeding power to the power
grid from the at least one energy storage of the node;
and/or in response to the frequency balancing capacity
requirement corresponding to down regulation of the
power grid, charging the at least one energy storage of
each node in the selected nodes using power from the
power grid.

[0068] Fig. 4 1llustrates a plot representation of
activated frequency balancing capacity according to an
embodiment.

[0069] The embodiment of Fig. 4 illustrates examples
of down and up regulation. For up regulation, Fig. 4

illustrates the power flowing out of the at least one
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energy storage 203 of the nodes 200 of a DES system, and
for down regulation, the power flowing into the at least

one energy storage 203 of the nodes 200 of a DES system.

[0070] Section 401 corresponds to down regulation
which starts at approximately -150kW, but gradually de-
creases once the batteries of the nodes 200 are close

to fully charged.

[0071] Section 402 corresponds to up regulation which
starts at approximately 300kW, but after about half an
hour, the voltage of some of the batteries start to drop
and the rectifier units need to compensate with grid
power. This leads to a drop in the power grid frequency
balancing capacity of the DES system at the end of the

hour.

[0072] In order to compensate for the node selection,
the method 100 can monitor the power quantity. The power
quantity can comprise the current, measured in amperes
(A), of the at least one energy storage 203 together
with the voltage, measured in volts (V), of the at least
one energy storage 203 to better reflect the real fre-
quency balancing capacity of each node 200.

[0073] According to an embodiment, the power quantity
comprises a current and a voltage of at least one energy
storage.

[0074] According to an embodiment, the power quantity
comprises a product of a current and a voltage of at
least one energy storage.

[0075] For example, the power quantity may comprise

the product of a voltage of the at least one energy
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storage 203 and a current flowing in/out of the at least
one energy storage 203, i.e. Voltage*Current. The unit
of this quantity may be volt-ampere (VA), and the quan-

tity may be referred to as “VApower”.

[0076] When VApower 1s significantly different from
the frequency balancing capacity requirement, the method
100 can activate/deactivate additional nodes to compen-

sate for the difference.

[0077] The VApower feedback can also be relevant dur-
ing down regulation because of declining charging cur-
rent once batteries are close to fully charged as seen
in the section 401 of Fig. 4. When the real frequency
balancing capacity for down regulation, reflected by the
power quantity, declines, the method 100 can activate

more nodes for down regulation to compensate.

[0078] Fig. 5 illustrates a flow chart representation

of a procedure according to an embodiment.

[0079] A system can follow the flow chart illustrated
in the embodiment of Fig. 5 to implement the method 100.

[0080] In operation 501, the procedure 500 can start.

[0081] In operation 502, the procedure 500 can wait
for the activation signal for power grid frequency bal-
ancing.

[0082] In operation 503, in response to receiving the
activation signal for power grid frequency balancing,
the procedure 500 can calculate how many nodes are
needed for the activation signal and select the nodes
to be activated. The procedure can the return to oper-

ation 502 to wait for a new activation signal.
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[0083] A timer 505 or event can trigger a monitor task
for checking 504 if the power quantity is different

enough from the requested capacity.

[0084] If the power quantity 1s not different enough
from the requested frequency balancing capacity, the
monitoring task can end 506.

[0085] If the power quantity is different enough from
the requested frequency balancing capacity, the node
selection operation 503 can be used to select additional

nodes or disable some nodes.

[0086] The monitoring can comprise a hysteresis value
for activating new node so that minor fluctuations are
not frequently affecting the operations.

[0087] According to an embodiment, the reselecting 105
nodes out of the plurality of nodes to be activated
and/or deactivated for the power grid frequency balanc-
ing according to the frequency balancing capacity re-
quirement comprises: in response to an aggregate of the
power quantity of the selected nodes being less than the
frequency balancing capacity requirement, increasing a
number of nodes in the selected nodes; and/or in re-
sponse to an aggregate of the power quantity of the
selected nodes being greater than the frequency balanc-
ing capacity requirement, decreasing a number of nodes
in the selected nodes.

[0088] The aggregate of the power guantity of the se-
lected nodes may comprise, for example, an aggregated
power guantity obtained by summing the power quantity

of each node 200 in the selected nodes.
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[0089] Fig. 6 illustrates a schematic representation

of databases according to an embodiment.

[0090] According to an embodiment, the selecting the
nodes out of the plurality of nodes according to the
frequency balancing capacity of each node in the plu-
rality of nodes comprises obtaining the frequency bal-
ancing capacity of each node in the plurality of nodes
from a frequency balancing capacity database.

[0091] Herein, “obtalining” may comprise, for example,
obtaining the data in question from memory, performing
some processing and obtaining the data as a result of
the ©processing, receiving the data from a func-
tion/method/device/module, reading a file containing
audio data, and/or similar.

[0092] For example, in the embodiment of Fig. 6, the
power consumption of the system load 202 of each node
200 can be measured by a system power monitor 601. The
power consumption of the system load 202 of each node
200 can be stored in the fregquency balancing capacity
database 602. Alternatively, some other quantity can be
used as the frequency balancing capacity of each node
and stored in the frequency balancing capacity database
602.

[0093] A node selector 603 can select 102 nodes out
of the plurality of nodes to be activated and/or deac-
tivated for the power grid frequency balancing according

to the frequency balancing capacity database 602.
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[0094] According to an embodiment, the monitoring 104
whether the power quantity of the selected nodes devi-
ates from the frequency balancing capacity requirement
comprises obtaining the power quantity of each node in
the selected nodes from a power quantity database.

[0095] For example, in the embodiment of Fig. 6, the
battery current of the at least one battery of each node
200 can be monitored by a battery current monitor 604.
Additionally or alternatively, the battery current mon-
itor 604 can monitor the VApower of the at least one
battery of each node 200. The battery current and/or
VApower each node 200 can be stored in the power quantity
database 605. Alternatively, some other quantity can be
used as the power quantity of each node 200 and stored

in the power quantity database 602.

[0096] In some embodiments, other quantities can be
used. One example of other guantity that may be used is
ReadPower. This may be especially useful when doing in-
itial node selection and not being able to calculate the
VApower for nodes in certain state. ReadPower can com-
prise a measurement of the power consumption of the
system load 202 of the node 200. Since the power con-
sumption can be constantly present on all nodes, this
value can be used for node selection before regulation
methods are active and battery current is steadily at
0A, for example. ReadPower (power consumption) can al-
ways be available when the node 200 is running. For
example, the system load 202 of a node 200 can consume

5000W. Then this power consumption can be measured.
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[0097] The node selector 603 can reselect nodes out
of the plurality of nodes to be activated and/or deac-
tivated for the power grid frequency balancing according
to the power quantity database 605.

[0098] In some embodiments, the frequency balancing
capacity database 602 and the power quantity database
605 may be embodied in a single database. For example,
the frequency balancing capacity data and the power
quantity data may be stored in separate data structure,

such as tables, in the single database.

[0099] Fig. 7 illustrates a schematic representation
of a computing device according to an embodiment.

[0100] According to an embodiment, a computing device
700 comprises at least one processor 701 and at least
one memory 702 including computer program code, the at
least one memory 702 and the computer program code con-
figured to, with the at least one processor 701, cause

the computing device 700 to perform the method 100.

[0101] The computing device 700 may comprise at least
one processor 701. The at least one processor 701 may
comprise, for example, one or more of various processing
devices, such as a co-processor, a microprocessor, a
digital signal processor (DSP), a processing circuitry
with or without an accompanying DSP, or wvarious other
processing devices including integrated circuits such
as, for example, an application specific integrated cir-
cuit (ASIC), a field programmable gate array (FPGA), a
microprocessor unit (MCU), a hardware accelerator, a

special-purpose computer chip, or the like.
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[0102] The computing device 700 may further comprise
a memory 702. The memory 702 may be configured to store,
for example, computer programs and the like. The memory
702 may comprise one or more volatile memory devices,
one or more non-volatile memory devices, and/or a com-
bination of one or more volatile memory devices and non-
volatile memory devices. For example, the memory 702 may
be embodied as magnetic storage devices (such as hard
disk drives, magnetic tapes, etc.), optical magnetic
storage devices, and semiconductor memories (such as
mask ROM, PROM (programmable ROM), EPROM (erasable
PROM), flash ROM, RAM (random access memory), etc.).

[0103] The computing device 700 may further comprise
other components not illustrated in the embodiment of
Fig. 7. The computing device 700 may comprise, for ex-
ample, an input/output bus for connecting the computing

device 700 to other devices.

[0104] When the computing device 700 is configured to
implement some functionality, some component and/or com-
ponents of the computing device 700, such as the at
least one processor 701 and/or the memory 702, may be
configured to implement this functionality. Further-
more, when the at least one processor 701 is configured
to implement some functionality, this functionality may
be implemented using program code comprised, for exam-
ple, in the memory.

[0105] The computing device 700 may be implemented at
least partially using, for example, a computer, some

other computing device, or similar.
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[0106] Fig. 8 illustrates a schematic representation
of a distributed energy storage system according to an

embodiment.

[0107] According to an embodiment, a distributed en-
ergy storage system 800 comprises the computing device
700 and a plurality of nodes 200 coupled to a power grid
801, wherein each node 200 comprises at least one energy

storage.

[0108] Each node 200 in the plurality of nodes may be
coupled to the computing device 700. Thus, the computing
device 700 may be configured to control each node 200
in the plurality of nodes according to the method 100.
[0109] Any range or device value given herein may be
extended or altered without losing the effect sought.
Also any embodiment may be combined with another embod-

iment unless explicitly disallowed.

[0110] Although the subject matter has been described
in language specific to structural features and/or acts,
it is to be understood that the subject matter defined
in the appended claims is not necessarily limited to the
specific features or acts described above. Rather, the
specific features and acts described above are disclosed
as examples of implementing the claims and other equiv-
alent features and acts are intended to be within the
scope of the claims.

[0111] It will be understood that the benefits and
advantages described above may relate to one embodiment
or may relate to several embodiments. The embodiments

are not limited to those that solve any or all of the



WO 2024/200901 PCT/F12023/050706

10

15

20

25

26

stated problems or those that have any or all of the
stated benefits and advantages. It will further be un-
derstood that reference to 'an' item may refer to one

or more of those items.

[0112] The steps of the methods described herein may
be carried out in any suitable order, or simultaneously
where appropriate. Additionally, individual blocks may
be deleted from any of the methods without departing
from the spirit and scope of the subject matter de-
scribed herein. Aspects of any of the embodiments de-
scribed above may be combined with aspects of any of the
other embodiments described to form further embodiments
without losing the effect sought.

[0113] The term 'comprising' 1is used herein to mean
including the method, blocks or elements identified, but
that such blocks or elements do not comprise an exclu-
sive list and a method or apparatus may contain addi-

tional blocks or elements.

[0114] It will be understood that the above descrip-
tion is given by way of example only and that wvarious
modifications may be made by those skilled in the art.
The above gpecification, examples and data provide a
complete description of the structure and use of exem-
plary embodiments. Although various embodiments have
been described above with a certain degree of particu-
larity, or with reference to one or more individual
embodiments, those skilled in the art could make numer-

ous alterations to the disclosed embodiments without
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CLAIMS:

1. A computer-implemented method (100) for
managing a distributed energy storage system comprising
a plurality of nodes coupled to a power grid, wherein
each node comprises at least one energy storage, the
method (100) comprising:

receiving (101) an activation signal for power
grid frequency balancing comprising a frequency balanc-
ing capacity regquirement;

selecting (102) nodes out of the plurality of
nodes to be activated and/or deactivated for the power
grid freguency balancing according to the frequency bal-
ancing capacity requirement;

activating and/or deactivating (103) the se-
lected nodes for the power grid frequency balancing;

monitoring (104), during the power grid fre-
quency balancing, whether a power quantity of the se-
lected nodes deviates from the frequency balancing ca-
pacity requirement, wherein the power quantity is based
on a measurement of the at least one energy storage of
each node in the selected nodes; and

in response to the power gquantity deviating
from the frequency balancing capacity requirement, re-
selecting (105) nodes out of the plurality of nodes to
be activated and/or deactivated for the power grid fre-
quency balancing according to the frequency balancing

capacity requirement.
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2. The computer-implemented method (100) ac-
cording to claim 1, wherein the power quantity deviating
from the frequency balancing capacity requirement com-
prises a deviation between the power gquantity and the
frequency balancing capacity requirement being greater

than a preconfigured deviation threshold value.

3. The computer-implemented method (100) ac-
cording to claim 1 or claim 2, wherein the selecting
(102) nodes out of the plurality of nodes to be activated
and/or deactivated for the power grid frequency balanc-
ing according to the frequency balancing capacity re-
gquirement comprises:

selecting the nodes out of the plurality of
nodes according to a frequency balancing capacity of

each node in the plurality of nodes.

4. The computer-implemented method (100) ac-
cording to claim 3, wherein the selecting the nodes out
of the plurality of nodes according to the frequency
balancing capacity of each node in the plurality of
nodes comprises:

obtaining the frequency balancing capacity of
each node in the plurality of nodes from a frequency

balancing capacity database (602).

5. The computer-implemented method (100) ac-
cording to any preceding claim, wherein the reselecting

(105) nodes out of the plurality of nodes to be activated
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and/or deactivated for the power grid frequency balanc-
ing according to the frequency balancing capacity re-
gquirement comprises:

in response to an aggregate of the power quan-
tity of the selected nodes being less than the frequency
balancing capacity requirement, increasing a number of
nodes in the selected nodes; and/or

in response to an aggregate of the power quan-
tity of the selected nodes being greater than the fre-
quency balancing capacity requirement, decreasing a num-

ber of nodes in the selected nodes.

6. The computer-implemented method (100) ac-
cording to any preceding claim, wherein the monitoring
whether the power quantity of the selected nodes devi-
ates from the frequency balancing capacity requirement
comprises obtaining the power quantity of each node in

the selected nodes from a power quantity database (605).

7. The computer-implemented method (100) ac-
cording to any preceding claim, wherein the at least one

energy storage comprises at least one battery.

8. The computer-implemented method (100) ac-
cording to any preceding claim, wherein the activating
and/or deactivating (103) the selected nodes for the
power grid frequency balancing comprises:

in response to the frequency balancing capac-
ity reguirement corresponding to up regulation of the

power grid, powering each node of the selected nodes
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using the at least one energy storage of the node and/or
feeding power to the power grid from the at least one
energy storage of the node; and/or

in response to the frequency balancing capac-
ity requirement corresponding to down regulation of the
power grid, charging the at least one energy storage of
each node in the selected nodes using power from the

power grid.

9. The computer-implemented method (100) ac-
cording to any preceding claim, wherein:

each node in the plurality of nodes comprises
a rectifier for charging the at least one energy storage
using power from the power grid; and/or

each node in the plurality of nodes comprises
an inverter for feeding power to the power grid from the

at least one energy storage.

10. The computer-implemented method (100) ac-
cording to any preceding claim, wherein the power quan-
tity comprises a current and a voltage of at least one

energy storage.

11. The computer-implemented method (100) ac-
cording to any preceding claim, wherein the power quan-
tity comprises a product of a current and a voltage of

at least one energy storage.

12. A computing device (700), comprising at

least one processor (701) and at least one memory (702)



WO 2024/200901 PCT/F12023/050706

10

15

32

including computer program code, the at least one memory
(702) and the computer program code configured to, with
the at least one processor (701), cause the computing
device (700) to perform the method (100) according to

any preceding claim.

13. A distributed energy storage system (800)
comprising the computing device (700) according to claim
12 and a plurality of nodes (200) coupled to a power
grid (801), wherein each node (200) comprises at least

one energy storage.

14. A computer program product comprising pro-
gram code configured to perform the method according to
any of claims 1 - 11 when the computer program product

is executed on a computer.
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