wo 2017/001498 A 1[I I P00 OO0 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/001498 A1

5 January 2017 (05.01.2017) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
H02J 9/06 (2006.01) H02J 3/12 (2006.01) kind of national protection available): AE, AG, AL, AM,
. . ) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/EP2016/065174 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
29 June 2016 (29.06.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
15174241.8 29 June 2015 (29062015) EP (84) De51gnated States (unless otherwise zndlcated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: ABB SCHWEIZ AG [CH/CH]; Brown Boveri GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Strasse 6, 5400 Baden (CH). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Tnventors: PULIKANTI, Sridhar; 22 Gallipoli Rd, EJK TEI\E)’EESWS%’GSE (élé’ éﬁ’ 35’ 38 ICEHiSC}{f CLZT ]LDS
Onekawa, Napier, 4110 (NZ). WALTON, Simon James; 2 T > > > 2T e
43 Hetley Crescent, Taradale, Napier, 4112 (NZ). TURN- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Y » Laradaie, Napier, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ
ER, Robert; 1283 Louie Street, Hastings, 4122 (NZ). EL- GV\; KM, ML. MR I,\TE ,SN ’TD :FG), ? ? ? ?
LIOT, Nick; 71 Reynolds Rd, Havelock North, 4130 ’ ? ’ e ’
(NZ). Published:
(74) Agent: ABB PATENT ATTORNEYS,ASSOCIATION —  with international search report (Art. 21(3))

154, C/O ABB SCHWEIZ AG, INTELLECTUAL
PROPERTY; Brown Boveri Strasse 6, 5400 Baden (CH).

(54) Title: UPS WITH SOURCE IMPEDANCE COMPENSATION

108

/

118 100

\

112 118 110 119

118

(57) Abstract: The present invention
provides a method for operation of an offline
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lar a medium-voltage uninterrupted power
supply, for providing power to a load in case
of failure of a power source, the uninterrup-
ted power supply (100) comprising at least
one disconnect switch (112), which is ar-
ranged between the power source and the
load, at least one energy storage (114), at
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FIG. 1

least one power converter (116), which is ar-
ranged between the at least one energy stor-
age (114) and the load at a load side of the
disconnect switch (112), and a control device
(120) for controlling the at least one power
converter (116) to provide power from the at
least one energy storage (114) to the load in
case of failure of the power source, compris-
ing the steps of identitying a power quality
event, ditferentiating the identified power
quality events to separate load side events
from power supply side quality events, and
upon identification of a power supply side
power quality event from an identitied power
quality event, providing power from the at
least one energy storage (114) to the load.

The present invention also provides a oftline uninterrupted power supply (100), in particular a medium-voltage uninterrupted power
supply, to perform the above method.
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Description

UPS WITH SOURCE IMPEDANCE COMPENSATION

Technical Field

[0001] The present invention relates to the area of offline uninterruptable
power supplies. In particular, the present invention refers to a method
for operation of an offline uninterrupted power supply, in particular a
medium-voltage uninterrupted power supply, for providing power to a

load in case of failure of a power source.

Background Art

[0002] In three-phase medium voltage (MV) distribution networks, electric energy
is distributed to different loads through low-voltage (LV) network feeders.
The loads are connected to the feeders and could be protected using
traditional LV uninterruptable power supplies (UPS). However, connecting
UPS in each feeder is expensive, consumes much space, requires much
maintenance, provides low overall efficiency and requires complex
supervisory control. The protection of loads from upstream power quality
events at medium voltage level overcomes most of the above mentioned
disadvantages. Medium voltage uninterruptable power supply (MV-UPS)
equips better protection mechanism for loads at MV level. Most of the
existing MV-UPS use on-line UPS system technology in which AC/DC/AC
conversion continuously takes place in the UPS, so that utility
disturbances, e.g. failures of the power source, can be isolated from the
loads.

[0003] To improve efficiency and reliability and to reduce costs, the online UPS
system technology can be replaced with MV offline-UPS system
technology. Offline-UPS are commonly used for power protection in
industrial environments where efficiency and footprint are primary cost

drivers.
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[0004]

[0005]

[0006]

[0007]

In offline-UPS systems, a load, which is provided at a downstream side, is
directly connected by a power bus to a power source, which is provided at
an upstream side, as incoming utility supply, whereby a disconnect switch,
also referred to as utility disconnect, is provided in the power bus. The
power source is typically a grid supply. The offline-UPS comprise an
energy storage, which is connected via a power converter to the power
bus downstream of the disconnect switch.

When the offline-UPS detects a voltage disturbance, also referred to as
power quality event, in the power source, the offline-UPS transfers the
downstream load to backup energy storage through the power converter.
Hence, the disconnect switch disconnects the load from the power source
and power from the energy storage is provided via the power converter to
the power bus, so that the downstream load can remain operational during
the power quality event. This process of disconnecting the power source
by switching off the disconnect switch and transferring the load support to
the power converter with the energy storage is known as a transfer. In
order to enable reliable and continuous power supply to the load also in
case of power quality events, one of the most important functionalities of
the MV offline-UPS is identifying power quality events.

However, in three-phase MV offline-UPS, identifying an upstream

power quality event is a critical task. The utility supply voltage from

the power source is sensitive to downstream load disturbances,
downstream load harmonics and downstream faults due to

downstream current and network impedance interaction.

Due to downstream faults, a downstream current can build up whose
effect on network impedance may cause the utility voltage from the

power source to violate the MV network voltage tolerance limits. This

may allow the MV offline-UPS to detect a power quality event and
transfer downstream load to the backup from the energy storage.
Accordingly, a false detection of a power quality event may occur.

This may decreases life-span of the offline-UPS due to unnecessarily
increased operational time. This yields to increased efforts for

maintenance and service.
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[0008] Furthermore, due to high downstream currents, the MV offline-UPS
may reach overload current limits, which allows it to take a decision
on shedding the downstream load. Hence, there is a risk of load
shedding under downstream fault detection.

[0009] MV distribution network with high downstream harmonics loads can
produce significant utility voltage distortion allowing the offline-UPS
to trigger a power quality event.

[0010] Further disadvantage of utility supply voltage sensitivity to
downstream load disturbances, downstream load harmonics and
downstream faults is inaccurate tracking of utility supply voltages.

[0011] In this context, US 2008/088183 A1 refers to a method and an
apparatus for providing substantially uninterrupted power to a load.
The apparatus includes a control system coupled with an electrical
power storage subsystem and an electrical power generator. The
control system is configured to provide a plurality of modes of
operation including at least a static compensator (STATCOM) mode,
an uninterruptible power supply (UPS) mode and a generator mode
(gen set), and to control transitions between each of the plurality of
modes. The control system is an integrated closed loop control
system that includes a current control system and a voltage control
system.

[0012] Furthermore, document US 6 215 202 B1 refers to a shunt
connected superconducting energy management system (SEMS).
The SEMS is provided at a single switched connection between a
utility grid and one or more power sensitive loads such as a
semiconductor manufacturing plant having power requirements in the
range on the order of 2 megawatts (MW) to 200 MW.

[0013] Still further, US 5 172 009 A refers to a standby power supply system
for supplying normal AC power to a critical load from an AC power
source during normal operating conditions, and for supplying
emergency AC power to the load during failure of the AC power
source. During normal operation, the standby power supply system

actively neutralizes undesirable harmonic components in the input
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current drawn by the load. The standby power supply system
includes a power conversion device having a DC side coupled to a
back-up power source and an AC side in parallel with the load and
the AC source. A harmonic distortion sensor senses a harmonic
distortion current component of a load current drawn by the load
during normal operating conditions. A controller is responsive to the
harmonic distortion sensor for causing the power conversion device
to produce a harmonics neutralizing current to substantially
neutralize the harmonic distortion current component produced by
the load.

Disclosure of Invention

[0014]

It is an object of the present invention to provide a method for operation of
an offline uninterrupted power supply and an offline uninterrupted power
supply for performing the method, which overcome at least some of the
above disadvantages of offline UPS known in the Art. In particular, it is an
object of the present invention to provide a method for operation of an
offline uninterrupted power supply and an offline uninterrupted power
supply for performing the method, which improves the overall performance
of the offline-UPS, and/or which reduces sensitivity to downstream load
disturbances, downstream load harmonics and downstream faults due to
downstream current and network impedance interaction, and/or which
reduces a false detection of a power quality event, and/or which increases
life-span of the offline-UPS, which requires reduced maintenance and
service, and/or which shows a reduced risk of load shedding under

downstream fault detection.

[0015] This object is achieved by the independent claims. Advantageous

[0016]

embodiments are given in the dependent claims.

In particular, the present invention provides a method for operation of an
offline uninterrupted power supply, in particular a medium-voltage
uninterrupted power supply, for providing power to a load in case of failure

of a power source, the uninterrupted power supply comprising at least one



WO 2017/001498 PCT/EP2016/065174

[0017]

[0018]

[0019]

disconnect switch, which is arranged between the power source and the
load, at least one energy storage, at least one power converter, which is
arranged between the at least one energy storage and the load at a load
side of the disconnect switch, and a control device for controlling the at
least one power converter to provide power from the at least one energy
storage to the load in case of failure of the power source, comprising the
steps of identifying a power quality event, differentiating the power quality
events to separate load side events from power supply side quality events,
and upon identification of a power supply side power quality event from an
identified power quality event, providing power from the at least one
energy storage to the load, and performing network impedance
compensation in respect to the load, whereby the step of differentiating the
power quality events to separate load side events from power supply side
guality event comprises using network impedance compensated utility
voltage and load current.

The present invention also provides an offline uninterrupted power supply,
in particular a medium-voltage uninterrupted power supply, for providing
power to a load in case of failure of a power source, the uninterrupted
power supply comprising at least one disconnect switch, which is arranged
between the power source and the load, at least one energy storage, at
least one power converter, which is arranged between the at least one
energy storage and the load at a load side of the disconnect switch, and a
control device for controlling the at least one power converter to provide
power from the at least one energy storage to the load in case of failure of
the power source, whereby the control device is adapted to perform the
above method.

The present invention further provides a computer program product
comprising computer executable instructions to perform the above
method.

The present invention still further provides a software package for
upgrading an offline uninterruptable power supply, whereby the software
package contains instructions for controlling the offline uninterruptable

power supply to perform the above method.
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[0020]

[0021]

[0022]

[0023]

The basic idea of the invention is to enable a reliable detection of
upstream power quality events. This includes e.g. a distinction between
upstream power quality events and downstream events, which are caused
in particular by the load, e.g. when the load is activated and starts drawing
power from the power source. Hence, when a power quality event is
detected, a differentiation is performed to distinguish between load side
events and power supply side quality events. Only in case the power
quality event is identified as a power supply side power quality event, a
transfer of the power supply from the power source to the energy storage
is performed, so that power from the energy storage is provided to the
load.

Accordingly, power supply from of the offline-UPS to the load can be
limited to cases of the power quality event being a power supply side

or upstream power quality event . Furthermore, false detections of a
power quality event can be reduced or even avoided. This may

increases life-span of the offline-UPS due to a reduced activation

time. This yields to reduced efforts for maintenance and service. Also

the risk of shedding the downstream load under downstream fault
detection can be reduced, and accuracy in tracking of utility supply
voltages as provided from the power source can be improved.
Advantages of the invention comprise enhancements of the offline-UPS in
a rejection of momentary voltage disturbances due to passive load
switching or voltage distortions due to start-up process of rotatory
machines, identification of downstream feeder faults allowing MV
distribution network to clear the faults, identification of power quality
events in scenarios like load back-feeding to the power source at the time
of power quality event, and increased accuracy in tracking MV distribution
network voltages. The network refers to a distribution network for
distributing electric energy to different loads. The electric energy is
preferably provided to the different loads through low-voltage (LV) network
feeders. Hence, the network comprises the power bus.

A still further advantage is that the method can be implemented in different

offline-UPS topologies comprising e.g. different kinds of energy storages
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[0024]

[0025]

[0026]

[0027]

and/or different architectures of the offline UPS. Furthermore, the method
can also be implemented in existing offline-UPS by a mere change of
software, in particular a control software of the control device. Hence,
existing offline-UPS can be easily improved according to the present
invention.

In systems comprising an offline-UPS, the load is provided at a
downstream side of the offline-UPS and directly connected to the power
source, which is provided at an upstream side of the offline-UPS as
incoming utility supply, typically a grid supply. The connection between the
load and the power source is achieved by a power bus, which may
comprise cables or rails. Since the power bus typically refers to an existing
system installation, it is typically not considered as part of the offline-UPS,
although the offline-UPS also comprises cables and/or bus bars for
providing electrical power connections.

The control device for controlling the at least one power converter can be
provided integral with the at least one power converter or as a separate
device, depending on the system design. The control device performs a
control of the entire offline UPS. Independently, the different components
of the offline UPS, in particular the at least one power converter, may
comprise individual control units for performing an internal control of the
respective components. The control device may be provided integrally with
one of the components of the offline-UPS.

The utility voltage refers to the voltage provided from the power source.
This enables an estimation of voltage distortion caused by load
disturbances, harmonic loads, and downstream faults on an impedance of
a medium voltage distribution network. The network impedance
compensation also reduces utility supply voltage sensitivity to downstream
load disturbances, downstream load harmonics and downstream faults, so
that tracking accuracy of utility supply voltages is increased.

The network refers to a distribution network for distributing electric energy
to the load comprising the power bus. The electric energy is preferably

provided to the load through low-voltage (LV) network feeders.



WO 2017/001498 PCT/EP2016/065174

[0028]

[0029]

[0030]

According to a modified embodiment of the invention the step of
performing network impedance compensation in respect to the load
comprises performing an impedance measurement of the network.
Accordingly, the impedance can be determined at any time to be always
up-to-date, so that a compensation of the impedance can be reliably
performed. Alternatively, the network impedance can e.g. be derived from
the network design. Methods for performing impedance measurements per
se are known and therefore not discussed in detail.

According to a modified embodiment of the invention the step of
performing network impedance compensation comprises desensitizing the
effect on utility voltage as provided from the power source by estimating
the voltage distortion due to act of downstream load disturbances,
downstream load harmonics and downstream faults on network
impedance. The network impedance compensation as described here
enables a reliable distinction between power quality events, which are
based on effects occurring on the downstream side of the offline-UPS, and
upstream power quality events, which require an intervention of the offline-
UPS, i.e. which require a transfer from the power source to the power
supply from the at least one energy storage via the at least one power
converter. Hence, the control device can perform a detection of power
quality events, which are post-processed in order to identify the upstream
power quality events, or the detection of power quality events itself can be
modified, so that only upstream power quality events are detected.
According to a modified embodiment of the invention the step of providing
power from the at least one energy storage to the load comprises
separating the power supply from the load using the at least one
disconnect switch. The separation of the load from the power source
enables an efficient transfer of the power supply from the power source to

the energy storage.

Brief Description of Drawings
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[0031]

[0032]
[0033]

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.

In the drawings:

Fig. 1 shows a schematic drawing of an offline uninterruptable power

supply according to a first embodiment.

Detailed Description of the Invention

[0034]

[0035]

[0036]

[0037]

Fig. 1 shows an offline uninterruptable power supply 100 (offline-UPS) in
accordance with a first, preferred embodiment of the present invention.
The offline-UPS 100 according to the first embodiment is a medium-
voltage uninterrupted power supply.

For operation, the offline-UPS 100 is connected at a downstream side 104,
also referred to as load side, to a load and at an upstream side 108, also
referred to as power supply side, to a power source. Load and power
source are not shown in the figures. The power source in this embodiment
is a grid supply, which provides a utility voltage. The load and the power
supply are interconnected by a power bus 110, which comprise cables or
bus bars. The power bus 110 in this embodiment is considered as part of
the offline-UPS 100, although the power bus 110 can also be part of a
system installation for interconnecting the power source and the load. In
this respect, it is to be noted that the load may comprise individual load
units, which are individually connected to the power bus 110. The load
units together form the load.

The offline-UPS 100 comprises a disconnect switch 112, which is
arranged in the power bus 110 between the power source and the load.
The offline-UPS 100 further comprises an energy storage 114 and a power
converter 116, whereby the power converter 116 connects the energy
storage 114 to the power bus 110. The power converter 116 is connected
at a downstream side 104 of the disconnect switch 112 to the power bus
110.

Still further, the offline-UPS 100 in this embodiment comprises several

coupling transformers 118, which are provided to perform voltage
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[0038]

[0039]

[0040]

[0041]
[0042]

10

adaptations as required. One coupling transformer 118 is provided
between the power converter 116 and the power bus 110. A further
coupling transformer 118 is provided at an upstream side of the disconnect
switch 112. Further coupling transformers 118 are provided at the
downstream side of the power bus 110 to perform voltage adaptation for
the connected load. The coupling transformers 118 connecting the load
units are also referred to as network feeders or feeders.

The connection of the load to the offline-UPS 100 together with the power
bus 110 forms a network 119, in particular a distribution network, for
distributing electric energy to the load, i.e. to the load units. Hence, the
network 119 comprises the power bus 110.

According to the first embodiment, the offline-UPS 100 also comprises a
control device 120. The control device 120 performs a control of the entire
offline UPS 100. The control device 120 in this embodiment is provided as
an individual device. In an alternative embodiment, the control device 120
is provided integral with the power converter 116.

A communication link 122 interconnects the disconnect switch 112, the
power converter 116, and the control device 120. The communication link
122 is an industrially robust, low-latency and/or long-distance
communication link. The communication link 122 is provide as a
communication bus, to which all components of the offline-UPS 100 are
connected to. In an alternative embodiment, all components of the offline-
UPS 100 are individually connected to the control device 120. The
communication link 122 comprises a physical link based on fiber-optic.
Alternatively, the physical link is based on a twisted-pair connection. The
communication link 122 enables a high speed, long distance
communication link 122 with low-latency. In this embodiment, a custom
communication protocol is implemented. In an alternative embodiment, an
existing industry communication protocol is employed.

Subsequently the operation of the offline-UPS 100 will be discussed.

The basic operation of the offline-UPS 100 is providing power from the
energy storage 114 to the load in case of a power quality event, e.g. a

failure of the power source. The power quality event comprises any event,
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[0043]

[0044]

[0045]

[0046]

11

that might endanger the operation of the load, in particular voltage drops,
complete failures of the power source, or voltage disturbances in the
power source.

The control device 120 continuously monitors the power source for power
quality events. In contrast to an online-UPS, the offline UPS 100 is passive
as long as no power quality event has been detected. In case the control
device 120 detects a power quality event, the control device 120 performs
a transfer of power supply from the power source to the energy storage
114 via the power converter 116. During transfer, the control device 120
separates the power supply from the load using the disconnect switch 112
and activates the power converter 116 to support the load.

Upon identification of a power quality event, the control device 120
differentiates the power quality events to separate load side events from
power supply side quality events. Load side events are events, which are
caused in particular by the load, e.g. when the load is activated and starts
drawing power from the power source. Accordingly, momentary voltage
disturbances due to passive load switching or voltage distortions due to
start-up process of rotatory machines, which are part of the load can be
overcome, thereby e.g. allowing identification of downstream feeder
faults, so that the distribution network 119 at the load side 104 can clear
the fault.

This comprises performing network impedance compensation in respect to
the load. Accordingly, when differentiating the power quality events to
separate load side events from power supply side quality event comprises
using network impedance compensated utility voltage and load current.
The utility voltage refers to the voltage provided from the power source.
Hence, an estimation of voltage distortion caused by load disturbances,
harmonic loads, and downstream faults on an impedance of the
distribution network is performed. Basis for the network impedance
compensation is an impedance measurement of the network 119, which is
performed together with the step of network impedance compensation.
Performing network impedance compensation also comprises

desensitizing the effect on utility voltage as provided from the power
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[0047]

[0048]

12

source by estimating the voltage distortion due to act of downstream load
disturbances, downstream load harmonics and downstream faults on
network impedance. This network impedance compensation is the basis
for distinction between power quality events, which are based on effects
occurring on the downstream side 104 of the offline-UPS 100, and
upstream power quality events, which require an intervention of the offline-
UPS 100, i.e. which require a transfer from the power source to the power
supply from the energy storage 114 via the power converter 116.

Further, upon identification of a power supply side power quality event
from an identified power quality event, the control device 120 performs the
transfer of power supply from the power source to the energy storage 114
via the power converter 116, as described above.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to
be considered illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments. Other variations to be disclosed
embodiments can be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word “comprising”
does not exclude other elements or steps, and the indefinite article “a” or
“‘an” does not exclude a plurality. The mere fact that certain measures are
recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. Any

reference signs in the claims should not be construed as limiting scope.

Reference signs list

100
104
108
110
112
114

offline uninterruptable power supply, offline-UPS
downstream side, load side

upstream side, power supply side

power bus

disconnect switch

energy storage



WO 2017/001498
116  power converter
118 coupling transformer
119 network
120 control device
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Claims

1. Method for operation of an offline uninterrupted power supply (100), in
particular a medium-voltage uninterrupted power supply, for providing power to
a load in case of failure of a power source, the uninterrupted power supply
(100) comprising

at least one disconnect switch (112), which is arranged between the power
source and the load,

at least one energy storage (114),

at least one power converter (116), which is arranged between the at least
one energy storage (114) and the load at a load side (104) of the disconnect
switch (112),

and a control device (120) for controlling the at least one power converter
(116) to provide power from the at least one energy storage (114) to the load in
case of failure of the power source,

comprising the steps of

identifying a power quality event,

differentiating the identified power quality events to separate load side
events from power supply side quality events,

upon identification of a power supply side power quality event from an
identified power quality event, providing power from the at least one energy
storage (114) to the load, and

performing network impedance compensation in respect to the load,
whereby

the step of differentiating the power quality events to separate load side
events from power supply side quality events comprises using network

impedance compensated utility voltage and load current.

2. Method according to claim 1,
characterized in that
the step of performing network impedance compensation in respect to the load

comprises performing an impedance measurement of the network (119).
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3. Method according to any of preceding claims 1 or 2,
characterized in that
the step of performing network impedance compensation comprises
desensitizing the effect on utility voltage as provided from the power source by
estimating the voltage distortion due to act of downstream load disturbances,

downstream load harmonics and downstream faults on network impedance.

4. Method according to any of preceding claims 1 to 3,
characterized in that
the step of providing power from the at least one energy storage (114) to
the load comprises separating the power supply from the load using the at

least one disconnect switch (112).

5. Offline uninterrupted power supply (100), in particular a medium-voltage
uninterrupted power supply, for providing power to a load in case of failure of a
power source, the uninterrupted power supply (100) comprising

at least one disconnect switch (112), which is arranged between the power
source and the load,

at least one energy storage (114),

at least one power converter (116), which is arranged between the at least
one energy storage (114) and the load at a load side of the disconnect switch
(112),

and a control device (120) for controlling the at least one power converter
(116) to provide power from the at least one energy storage (114) to the load in
case of failure of the power source,

whereby the control device (120) is adapted to perform the method

according to any of the above method claims.

6. Computer program product comprising computer executable instructions to

perform the method steps according to any of above method claims 1 to 4.

7. Software package for upgrading an offline uninterruptable power supply (100),

whereby the software package contains instructions for controlling the offline
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uninterruptable power supply (100) to perform the method according to any of

above method claims 1 to 4.
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