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s (57) Abstract: The invention relates to a battery energy storage system
2 comprising a control unit (7a-c, 12a-c, 17) and a plurality of battery units
(2a-c). The battery units (2a-c) are arranged in series, and each battery unit
(2a-c) comprises at least one semiconductor switch (23) and at least one
battery module (22) comprising a plurality of battery cells (22). Each bat-
tery module (22) is connected in series with a respective semiconductor
switch (23), and the control unit (7a-c, 12a-c, 17) is operatively connected
to the at least one semiconductor switch and adapted to control the at least
one semiconductor switch (23) of every battery unit (2a-c).
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Battery energy storage system with short circuit protection,

and method

Field of the inwvention

The invention relates generally to the field of electric power
transmission systems, and in particular to battery storages
for use in such power systems. By electric power transmission
systems 1is meant a distribution system of at least 3 kV,

preferably at least 10kV.

Background of the invention

Electric power systems need to provide electric power 1in a
reliable fashion. Therefore such systems often comprise backup
devices, for example in form of DC power sources. The backup
devices may provide power for evening out fluctuations,

shortages etc.

An example of such a device, usable as a backup, is a battery
energy storage as i1llustrated in figure 3. The battery energy
storage 10 comprises a number of series- and/or parallel-
connected battery cells arranged 1in battery modules 20. The
battery modules 20 1in turn are series—- and/or parallel-
connected to form a battery unit 30 and several battery units
30 may be series-connected to form a battery string 40. In
large battery energy storage systems, several such battery
strings 40 are connected 1n parallel between negative and
positive busbars. The battery strings 40 are connected to a
load, for example a converter system 50, which in turn is
connected to a power network transmission system. Circuit
breakers 60 may further be arranged between each battery

string and the respective DC busbars.

W02008/002223 Al describes a power compensator (see abstract)

for an AC electric power transmission. The power compensator
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comprises a voltage source converter (4 1in the figure)
connected to a capacitor means (6) 1in parallel with a DC
energy storage device (5). The energy storage device (5)
comprises a high wvoltage battery means, including a battery
string, having a short circuit failure mode, a first (40a)
switch and a second switch (40b) for disconnecting the battery
string, and a control unit (44) for operating these switches

(40a, 40b).

A drawback with these short c¢ircuit protection switches 1is
that they have to be dimensioned for high voltage, including
large space requirements, and must be able to break very large

short circuit currents.

Summary of the invention

It 1is an object of the invention to overcome or at least
alleviate the above-mentioned problems. In particular, 1t 1is
an object of the invention to provide improved means for short

circuit protection of battery units in energy storage systems.

These objects, among others, are achieved by a battery energy
storage system and by a method as claimed in the appended

independent claims.

In accordance with the invention, a battery energy storage
system 1is provided comprising strings of battery units in
series. Each battery unit comprises at least one Dbattery
module including a plurality of Tbattery ©cells and a
semiconductor switch, which Dbattery module is connected in
series with the semiconductor switch. The storage system
includes a control unit that controls the semiconductor
switch, so that large currents, for example from short
circuits, are prevented from damaging the battery cells of the
battery module. Thus, each battery module is protected by its

semiconductor switch.



10

15

20

25

30

WO 2011/076257 PCT/EP2009/067764

A large battery energy storage comprises many battery units
and these battery units in turn comprises one or preferably
more than one battery module, each battery module electrically
connected in a serial circuit with a semiconductor switch, and
wherein the battery module circuits preferably are
electrically connected 1in parallel. The system includes at
least one control unit that manage each battery unit, and the
semiconductor switch of each battery module of the battery

unit.

The system makes it possible to turn off internal short
circuit currents of a Dbattery string, each semiconductor
switch disconnects only one battery module, and every battery
module is directly connected in series with its own

semiconductor switch without any battery modules in-between.

The battery unit preferably includes a battery control unit
for controlling the semiconductor switch of every Dbattery

module.

In an embodiment, the battery unit includes a plurality of
battery modules arranged in parallel and each semiconductor
switch 1s controlled by the system to protect each battery

module.

In an embodiment the battery units are arranged in battery
stacks, wherein a plurality of battery units are connected in

series.

Preferably the battery stack includes a stack controller that
controls the battery units so that disconnection of the
battery modules of the stack 1is synchronised. In this way all
battery modules of the stack are disconnected simultaneously.
In another preferred embodiment, a simultaneous disconnection
of the battery modules of a stack 1s controlled by the battery

control wunits of the Dbattery units, wherein the battery
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control wunits are adapted to instruct the other battery
control wunits to disconnect their modules when the battery

unit disconnects its own batter modules.

In an embodiment, the energy storage system further comprises
a system controller connected to the battery control unit and
the system controller is arranged and adapted to control the
energy storage system, including balancing the state-of charge
of the Dbattery units by controlling the current from the
different battery units, and monitoring the overall
functioning of the energy storage system, for example by being
adapted to control the system alone or in combination with the

battery control units and stack control units.

Preferably, the semiconductor switch also include a diode
arranged 1in parallel. The diode 1s arranged to conduct during
charging only. Thus, the diode is used to charge the battery
cells of the battery modules with excessive power from a
transmission system to which the energy storage 1is connected,

such as to the DC side of a voltage source converter.

In an embodiment each semiconductor switch of the Dbattery
modules comprises a MOSFET transistor for the switching. The

MOSFET transistor comprises an intrinsic diode.

In an embodiment the control unit, i.e. the system controller,
the stack controller or, preferably, the battery control unit,
includes means for monitoring the current, such as a current
measuring unit, through each battery module, and is adapted to
instruct the semiconductor switch to disconnect the battery

module if the current is above a short circuit threshold.

In an embodiment, the control unit, i.e. the system
controller, the stack controller or, preferably, the battery
control unit, includes means for continuously monitoring the

voltage across the semiconductor switch including the parallel
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diode, and 1is adapted to instruct the semiconductor of all
switches to simultaneously turn off i1if the voltage exceeds a
certain threshold when the switch 1is activated (turned on).
The high voltage is diagnosed as a short circuit through the
switch. If the voltage exceeds the threshold during charging
then it 1s an indication that there is an external (external
to the module) short circuit and an alarm 1s sent to the

controller.

By disconnecting the battery module when the current 1is too
large, the other battery cells of the string or other strings
are protected from the malfunctioning battery module, and also
the Dbattery modules can be protected from harmful current
levels originating from the voltage source converter, or

transmission system, to which the energy storage is connected.

In an embodiment each of the battery control units are adapted
to measure the voltage of and/or current through each battery
module circuit, e.g. semiconductor switch and/or battery
module. The battery units can preferably be provided with
switches for disconnecting the whole battery unit from the
next battery unit in the series of battery units, when the
current or voltage 1is too large. The battery control unit or
the stack controller can suitable be arranged and adapted to

provide the disconnection of these switches.

In an embodiment each stack controller are adapted to measure
the current in, and voltage over, each battery stack. Each
battery stack 1s ©preferably provided with switches for
disconnecting it from other battery stacks. These switches can
be controlled by the battery stack controller when current or

voltage of the stack is too large.

In an embodiment, each battery stack provides DC voltage at 1-
10 kV, preferably between 2 and 5 kV or approximately 3 kV,

and the string includes at least two stacks. The system can be
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dimensioned for voltages of between 10 kV and 100 kV, or even
more than 100 kV. In an embodiment each battery unit provides
between 50 and 1000 wvolts, such as more than 100 volts and/or
lower than 500 volts, especially between 150 and 350 volts or
approximately 250 volts. Twelve 250-volt battery units create
a stack of 3 kV. Each stack includes preferably more than
three battery units, such as more than five or seven units, or

more than ten units, such as twelve battery units or more.

The switches are preferably MOSFET or IGBT (Insulated Gate
Bipolar Transistor) switches. MOSFET switches are suitable for
voltages up to 1000 volt, whereas IGBT switches are suitable
above 1000 volts. IGBT switches can be used for voltages below
1000 volts as well, especially, IGBT switches are suitable for
voltage levels above 200 volts. In an embodiment MOSFET
switches are used, preferably in the battery units providing
between 50 and 1000 volts. In an alternative embodiment IGBT
switches are used, preferably in battery units providing more

than 50 volts, especially more than 200 volts.

Also, 1n an embodiment the system control unit has means for
and 1is adapted to monitor and measure the currents in each
string and/or the voltages across each string of the storage.
The strings are connected to DC buses by means of switches and
the system controller can be adapted to control these switches
to provide disconnection of a whole string when currents

and/or voltage is too large for the string.

According to another aspect of the invention this object 1is

achieved by a method as defined in claim 15.

Such a method comprises the following steps:

- monitoring a voltage across the semiconductor switch,
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- instructing the semiconductor of all switches to
simultaneously turn off, in case the voltage exceeds a first

threshold and the switch is turned on, and

- sending an alarm to the controller 1in case the voltage

exceeds a second threshold and the switch is turned off.

Brief description of the drawings

Figure 1 1illustrates a battery energy storage system in

accordance with the invention.

Figures 2 illustrates a battery stack of a battery energy

storage system in accordance with the invention.

Figure 3 illustrates a prior art system.

Detailed description of embodiments of the invention

The same reference numerals are used throughout the

description for denoting same or similar parts.

Figure 1 illustrates an apparatus for providing power to an AC
power transmission system. It includes a capacitor 1 in
parallel with a high wvoltage DC power source 2-4, 6, 7
connected to the DC side of a voltage source converter 5. The
voltage source converter 5 is connected on its other side to
an AC high voltage power transmission system (not
illustrated). The DC power source comprises an energy storage
system having a plurality of parallel strings 4a-c, and each
string comprises battery stacks 3a-c connected in series. Each
string 4da-c are connected to the voltage source converter 5 by
common bus bars via a first and second disconnector 6a—-f, so
that the whole energy storage string can be selectively
connected and disconnected from the common DC buses and the
voltage source converter 5. Each battery stack 3a-c¢ comprises

a stack of battery units Z2a-c¢ in series and a stack controller
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7a-c. The stack controller 7a-c are 1in turn connected to a
common system or main control unit 17. The number of battery
stacks 3a-c¢ in each string is chosen to create the desired

voltage level.

Figure 2 illustrates the battery stacks (3a-c in figure 1) in
more detail. Every battery stack 3 includes serially
interconnected battery units 2a-c¢ in a stack configuration,
and a stack controller 7. The battery stack 3 is connected to
a first and a second disconnector 1l6a-b for selectively
connecting the Dbattery stack to other battery stacks, one
disconnector 1in each end. Each battery unit Za-c¢ includes a
battery control unit 1l2a-c¢ and parallel circuits, wherein each
parallel <circuit includes a battery module 22, with a
plurality of battery <cells, in serial connection with a
semiconductor switch 23. Each battery module 22 1s connected
to its own semiconductor switch 23. In general, each battery
unit 2 comprises at least one such circuit <consisting
essentially of a Dbattery module 22 in series with a
semiconductor switch. The semiconductor switch includes a
MOSFET with its intrinsic diode. The MOSFET and diode are in
opposite directions, i.e. the MOSFET is conducting only during
discharging, while the diode only conducts during charging.
The battery control units 12a-c¢ controls the MOSFETS of every
parallel circuit. The battery control units 12a-c are
preferably daisy chained in a communication link 13, so that
they are communicatively connected to each other. Each battery
control wunits 1is also preferably directly connected to the
stack controller 7 in a communication 1link 14. The stack
controller 7 is suitably adapted to synchronise the switching
of all semiconductor switches 23 in the battery stack 3. When
disconnecting a malfunctioning battery module 22, the battery
control unit 12a-c¢ is suitably adapted to instruct the other
battery control units 12a-c¢ of the communication link 13 to

disconnect their respective battery modules 22, so that all
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battery modules 22 of the stack 3 are disconnected. Each
battery module 2 also 1includes a mechanical switch 21 for
disconnecting the battery module. The switch 21 is arranged in
series with the module on the opposite side to the

semiconductor switch.

The stack controllers 7a-c¢ of every battery stack 3a-c¢c of a
string 1is «connected to a system control unit 17, which
suitably is adapted to synchronise the stack controllers 7a-c
to disconnect simultaneously so that all the battery modules

of the string are disconnected.

Among other things, the battery control unit 12a-¢, and/or the
other control units (7, 17), can be arranged to, and adapted
for, measuring and controlling the battery stacks and for this
purpose Dbe provided with means for measuring different
parameters such as Dbattery currents, cell- and battery
voltages, temperature, battery state-of-charge, and performing
cell balancing. Also, the Dbattery control units 12a-c¢ can be
adapted to handle communication between battery stacks 3a-c
and handle communication 1in order to send and receive data

from the stack controller 7 and the system controller 17.
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Claims

1. An energy storage system comprising a control unit (7a-c,
l2a-c, 17), a battery stack (3a-c) including a plurality of
battery units (2a-c¢), the battery units (2a-c¢) being arranged
in series, and each battery unit (2a-c) comprising at least
one semiconductor switch (23) and at least one battery module
(22) comprising a plurality of battery cells (22), wherein
each battery module (22) 1s connected 1in series with a
respective semiconductor switch (23), and the control unit
(7a-c, 1l2a-c, 17) is operatively connected to the at least one
semiconductor switch and adapted to control the at least one

semiconductor switch (23) of every battery unit (2a-cj).

2. The energy storage system in claim 1, wherein the control
unit (7a-c¢, l2a-c, 17) 1is provided with means for monitoring
the current (15) through each battery module (22) of the
battery unit (2a-c), and is adapted to disconnect the battery
module (22) if the current 1is above a short circuit threshold,
and wherein the control unit disconnects the battery cell (22)

by means of the semiconductor switch (23).

3. The energy storage system of claim 2, wherein the control
unit (7a-c¢, 1l2a-c¢, 17) 1is adapted to disconnect all battery

modules (22) of a battery unit (2a-c) simultaneously.

4. The energy storage system as claimed in any of claims 1-3,
wherein each Dbattery unit (Z2a-c¢) comprises a plurality of
battery modules (22), each including a plurality of battery
cell and being connected 1in series with a respective
semiconductor switch (23), and wherein each battery module
(22) and semiconductor switch (23) connected in parallel with
the other serial circuits of Dbattery modules (22) and

semiconductor switches (23) of the battery unit (2a-c).
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5. The energy storage system as claimed in any of claims 1-4,
wherein each battery unit (2a-c¢) includes a battery control

unit (12a-c¢)} for controlling the semiconductor switches.

6. The energy storage system as claimed in any of claims 1,
3, 4, and 5, wherein each battery unit (2a-c) of the stack
(3a—c) comprises a battery control unit (12a-c) operatively
connected to the semiconductor switches (23) of the battery

modules (22) of the battery unit (2a-c).

7. The energy storage system as claimed in any of claims 1-6,
wherein the stack (3a-c¢)} includes a stack control unit (7a-c)
being operatively connected to the battery units (2a-c) of a

battery stack (3a-c).

8. The energy storage system as claimed in claim 7, wherein
the stack control unit (7a-c) 1is adapted to synchronise the
control of the semiconductor switches (23) of the battery

units (2a-c¢) of the battery stack (3a-c).

9. The energy storage system of any of claims 1 to 8, wherein
a plurality of stacks (3a-c¢c) are arranged 1in series 1in a
string (4a-c) of serially interconnected stacks (3a-c) of
battery units (2a-c), wherein the string (4a-c) is arranged to

provide a DC voltage input to a voltage source converter (5).

10. The energy storage system of claim 9, comprising a

plurality of strings (4a-c).

11. The energy storage system as claimed in any of claims 1-
10, wherein the at 1least one semiconductor switch (23)

comprises a MOSFET.

12. The energy storage system as claimed in any of claims 1-
10, wherein the at least one semiconductor switch (23)

comprises an IGBT connected in parallel with a diode.
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13. The energy storage system in claim 11, wherein the MOSFET
is turned on only during discharge of energy from the battery

module (22).

14. The energy storage system in claim 12, wherein the IGBT is
arranged to conduct current only during discharge of energy
from the battery module (22), whereas the diode is arranged to

conduct only during charging of the battery module (22)

15. A method for controlling the energy storage system

according to any of claims 1-14, comprising the steps of:

- monitoring a voltage across the semiconductor switch,

- instructing the semiconductor of all switches to
simultaneously turn off, in case the voltage exceeds a first

threshold and the switch is turned on, and

- sending an alarm to the controller in case the voltage

exceeds a second threshold and the switch is turned off.
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