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POWER COMPENSATION APPARATUS AND
METHOD OF CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Pursuant to 35 U.S.C. § 119(a), this application
claims the benefit of earlier filing date and right of priority
to Korean Patent Application No. 10-2016-0121773, filed on
Sep. 22, 2016, the contents of which are all hereby incor-
porated by reference herein in its entirety.

BACKGROUND

[0002] The present embodiment relates to a power com-
pensation apparatus and a method of controlling the same.
[0003] With development of industry, large amounts of
power have been required. A power generation complex
having a power system needs to be developed according to
demand for generating large amounts of power. Power
consumption has increased in densely populated areas
including metropolitan areas.

[0004] It is difficult to newly mount power transmission
equipment for supplying power from a power generation
complex to a power consumption area due to a NIMBY
phenomenon or difficulty in security of sites where power
transmission equipment is mounted. Therefore, the need for
a flexible AC transmission system (FACTS) for improving
power flow, system voltage and stability has arisen. A
STATic synchronous COMpensator (STATCOM) which is a
third-generation power compensator of a FACTS is con-
nected to a power system in parallel to compensate for
reactive power and active power necessary for the power
system.

[0005] In a conventional STATCOM, as shown in FIG. 1,
although a power system consistently requires active power,
since power (energy) is not stored in a capacitor of the
STATCOM, active power is not supplied to the power
system. In other words, while the capacitor of the STAT-
COM is charged with power, active power cannot be sup-
plied to the power system. That is, in the conventional
STATCOM, it is impossible to charge the capacitor and, at
the same time, to supply active power.

[0006] Accordingly, since the conventional STATCOM
cannot consistently supply active power to the power sys-
tem, the power system cannot stably operate.

SUMMARY

[0007] An object of the present embodiment is to solve the
above-described problems and the other problems.

[0008] Another object of the present embodiment is to
provide a power compensation apparatus capable of consis-
tently supplying active power to stably transmit power to a
power system, and a method of controlling the same.
[0009] According to a first aspect of the present embodi-
ment, a power compensation apparatus compensates for
power of a power system to be allowed to transmit from at
least one or more power sources to a load. The power
compensation apparatus includes a first system connected to
the power system to compensate for active power and
reactive power of the power system, a second system
connected to the first system to store power necessary for
compensating for active power and reactive power, and a
third system connected to the second system to generate
power to be stored in the second system. The first system
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includes a converter connected to the power system to
convert power, a capacitor connected to the converter and
charged with active power of the power system or the power
of the second system, and a first controller configured to
control the converter and the capacitor.

[0010] According to a second aspect of the present
embodiment, a power compensation apparatus compensates
for power of a power system for transmitting power gener-
ated by at least one or more power sources to a load. The
power compensation apparatus includes a first system con-
nected to the power system to compensate for active power
and reactive power of the power system and to store power
necessary for compensating for active power and reactive
power; and a second system connected to the first system to
generate power to be stored in the first system,

[0011] According to a third aspect of the present embodi-
ment, a method of controlling a power compensation appa-
ratus including a first system including a converter and a
capacitor, a second system including a power storage appa-
ratus and a third system including at least one or more
renewable energy sources, in order to compensate for power
of'a power system at least one or more power at least one or
more power sources to a load includes measuring, by the
first system, a voltage and frequency of the power system,
setting, by the first system, one of a reactive power supply
mode, a reactive power absorption mode, an active power
supply mode and an active power absorption mode based on
the voltage and frequency, compensating, by the first system,
for power according to the set mode, and storing, by the
second system, power generated by the at least one or more
renewable energy sources in the power storage apparatus.

BRIEF DESCRIPTION OF THE DRAWING

[0012] FIG. 1 is a diagram showing the state in which a
conventional STATCOM cannot consistently supply active
power.

[0013] FIG. 2 is a diagram showing a power supply system
according to an embodiment of the present disclosure.
[0014] FIG. 3 is a block diagram showing a power com-
pensation apparatus according to a first embodiment of the
present disclosure.

[0015] FIG. 4 is a circuit diagram showing a power
compensation apparatus in detail.

[0016] FIG. 5 is a block diagram showing a power com-
pensation apparatus according to a second embodiment of
the present disclosure.

[0017] FIG. 6 is a flowchart illustrating a method of
controlling a power compensation apparatus in an initial
charging mode according to an embodiment of the present
disclosure.

[0018] FIG. 7 is a flowchart illustrating a method of
compensating for power in a power compensation apparatus
based on a mode according to an embodiment of the present
disclosure.

[0019] FIG. 8 is a flowchart illustrating a control method
in an active power supply mode according to an embodiment
of the present disclosure.

[0020] FIG. 9 is a flowchart illustrating a control method
in an active power absorption mode according to an embodi-
ment of the present disclosure.

[0021] FIG. 10 is a diagram showing a state in which a
power compensation apparatus according to an embodiment
of the present disclosure consistently supplies active power.
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[0022] FIG. 11 is a block diagram showing a power
compensation apparatus according to a third embodiment of
the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0023] Hereinafter, the embodiments of the present dis-
closure will be described in detail with reference to the
accompanying drawings, in which the same or similar
portions are denoted by the same reference numerals and
repeated descriptions thereof will be omitted. The suffixes
“module” and “unit” of elements herein are used for con-
venience of description and thus can be used interchange-
ably and do not have any distinguishable meanings or
functions. In describing the present disclosure, a detailed
description of known functions and configurations will be
omitted when it may obscure the subject matter of the
present embodiment. The accompanying drawings are used
to help easily understand the technical idea of the present
embodiment and it should be understood that the idea of the
present disclosure is not limited by the accompanying draw-
ings. The idea of the present disclosure should be construed
to extend to any alterations, equivalents and substitutions
besides the accompanying drawings.

[0024] FIG.2 is a diagram showing a power supply system
according to an embodiment of the present embodiment.
[0025] Referring to FIG. 2, the power supply system 10
according to an embodiment may include a power source 20,
power systems 30, a load 40 and a plurality of power
compensation apparatuses 50.

[0026] The power source 20 may include at least one
power source units.

[0027] The power source 20 refers to a place or apparatus,
in which power is generated, and may be understood as a
generator for generating power.

[0028] The power source 20 may include, for example, a
hydroelectric power plant, a thermoelectric power plant, a
nuclear power plant, a generator, a power storage apparatus,
etc. The power storage apparatus may include an energy
storage system (EES), a battery, a primary battery, a sec-
ondary battery, a solar cell, a supercapacitor, a fuel cell, a
storage battery, a fly wheel, etc.

[0029] The power source 20 may include a renewable
energy source such as a wind power plant, a solar cell plant
or a hydrogen power plant.

[0030] Various power storage apparatuses which are cur-
rently being developed or are not known yet may be used as
the power storage apparatus of the present disclosure.
[0031] The power systems 30 may mean all apparatuses
including a power line for transmitting power generated by
the power source 20 to the load 40, a steel tower, an arrester
and an insulator.

[0032] The power system may have a voltage of at least
one of 345 KV, 154 K and 22.9 KV.

[0033] The load 40 means a place or apparatus, in which
power generated by the power source 20 is consumed, may
be understood as a consumer for consuming power.

[0034] The load 40 may include at least one or more loads.
[0035] The load 40 may include factories consuming large
amounts of power, such as steel mills, car factories, display
factories and semiconductor factories.

[0036] The load 40 may include convention centers,
department stores, big shopping centers, sports facilities,
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theaters, office buildings, government branches, large build-
ings, large-scale residential facilities, etc.

[0037] Various buildings or facilities consuming power
may be included in the load 40 of the present embodiment.
[0038] The power compensation apparatus 50 may be
connected to the power system to compensate for reactive
power and/or active power according to supply and/or lack
of active power and/or reactive power applied to the power
system 30.

[0039] The power compensation apparatus 50 may be a
STATCOM without being limited thereto.

[0040] The power compensation apparatus 50 may be
connected to the power system in parallel without being
limited thereto.

[0041] The power compensation apparatus 50 may be
mounted at each power system, for example. The power
compensation apparatus 50 may be mounted at or near the
load 40. The distances between the power systems 30 may
be equal or different.

[0042] The power compensation apparatus 50 may be
mounted on an available site to increase availability of the
available site.

[0043] The power compensation apparatus 50 of the pres-
ent embodiment may be mounted at the power system 30 or
the load 40 to exchange, that is, absorb and/or supply
reactive power or active power, thereby stably transmitting
power.

[0044] FIG. 3 is a block diagram showing a power com-
pensation apparatus according to a first embodiment of the
present disclosure.

[0045] The power compensation apparatus according to
the first embodiment of the present disclosure may be the
power compensation apparatus 50 of FIG. 2 without being
limited thereto.

[0046] Referring to FIG. 3, the power compensation appa-
ratus 50 according to the first embodiment of the present
disclosure may include a power compensation system 70, a
power storage system 80 and a renewable system 90.
[0047] The power compensation system 70 may perform
data communication with a higher control system 60. There-
fore, the power compensation system 70 and the higher
control system 60 may exchange information.

[0048] The higher control system 60 may or may not be
included in the power compensation apparatus 50. The
power compensation system 70 and the power storage
system 80 may perform data communication and the power
storage system 80 and the renewable system 90 may perform
data communication.

[0049] The higher control system 60 may be responsible
for managing and/or controlling the power compensation
apparatus 50 of the present embodiment.

[0050] The higher control system 60 may be an energy
management system (EMS) or supervisory control and data
acquisition (SCADA) system without being limited thereto.
[0051] For example, the higher control system 60 may
deliver an instruction or command (may be referred to as a
control signal) to a lower control system such that the lower
system performs control according to the instruction or
command.

[0052] For example, the higher control system 60 may
perform analysis and make a determination based on a
variety of information provided by the lower control system
60 to deliver an instruction or command to the lower control
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system or to manage and/or control the power system 30
according to the result of analysis or determination.

[0053] The lower control system may include at least one
of the power compensation system 70, the power storage
system 80 and the renewable system 90, for example.
[0054] The power compensation system 70 may compen-
sate for the active power and/or reactive power of the power
system 30.

[0055] The power compensation system 70 may compen-
sate for active power and/or reactive power in response to
the instruction or command received from the higher control
system 60. This may be referred to as a manual operation
mode.

[0056] The power compensation system 70 may check the
state of the power system 30 regardless of the instruction of
the higher control system 60 and autonomously compensate
for active power and/or reactive power, without being lim-
ited thereto. This may be referred to as an automatic opera-
tion mode.

[0057] The power compensation system 70 may be set to
one of the manual operation mode and the automatic opera-
tion mode under control of an operator or a higher control
system 60.

[0058] The power compensation system 70 may exchange
data with the higher control system 60 or the power storage
system 80.

[0059] For example, the power compensation system 70
may report specific information or data to the higher control
system 60. Such information or data will be described below
in detail.

[0060] For example, the power compensation system 70
may control the power storage system 80. That is, the power
compensation system 70 may deliver a control signal or data
to the power storage system 80, and the power storage
system 80 may store power in response to the control signal
or data received from the power compensation system 70 or
transmit power stored in the power storage system 80 to the
power compensator 73.

[0061] The power storage system 80 may perform data
communication with the renewable system 90.

[0062] The power storage system 80 may control the
renewable system 90. For example, the power storage sys-
tem 80 may transmit a control signal related to power
transmission to the renewable system 90 and the renewable
system 90 may operate a renewable energy source 93 in
response to the control signal to generate power and transmit
the generated power to the power storage system 80. The
transmitted power may be stored in the power storage
system 80.

[0063] Hereinafter, the systems 70, 80 and 90 will be
described in greater detail.

[0064] The power compensation system 70, the power
storage system 80 and the renewable system 90 may be
respectively referred to as first to third systems, without
being limited thereto.

[0065] The power compensation system 70 may include a
power compensation controller 71 and a power compensator
73.

[0066] The power compensation controller 71 may per-
form data communication with the higher control system 60
or the power storage system 80.

[0067] The power compensation controller 71 may control
the power compensator 73.
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[0068] If the automatic operation mode is set, the power
compensation controller 71 may autonomously control the
power compensator 73, without control of the higher control
system 60 to compensate for active power and/or reactive
power.

[0069] If the manual operation mode is set, the power
compensation controller 71 may control the power compen-
sator 73 under control of the higher control system 60 to
compensate for active power and/or reactive power.

[0070] The automatic operation mode and the manual
operation mode of the power compensation system 70 may
be set by an operator who operates the power compensation
system 70.

[0071] Alternatively, the automatic operation mode and
the manual operation mode of the power compensation
system 70 may be set by an operator who operates the higher
control system 60. That is, when the operator inputs, to the
higher control system 60, an input signal for setting the
power compensation system 70 to the automatic operation
mode or the manual operation mode, the higher control
system 60 may deliver a control signal related to the
operation mode to the power compensation system 70 based
on the input signal and the power compensation system 70
may be set to the operation mode according to the control
signal delivered from the higher control system 60.

[0072] The power compensator 73 may include a con-
verter 75, a capacitor 77 and first to third switch elements
110, 112 and 114, as shown in FIG. 4.

[0073] The converter 75 may include a plurality of switch
elements 76. For example, the converter 75 may include four
switch elements 76. Two switch elements may be connected
in series and the two switch elements connected in series
may be connected in parallel to form a pair. In addition, a
diode 78 may be connected to each switch element 76 in
parallel. The configuration of the converter 75 will be
described below in detail.

[0074] In FIG. 4, a first node nl between the switch
elements 76 connected in series in the converter 75 may be
connected to the power system 30 of FIG. 3 through a
transformer and a current transformer 51. In addition, a
second node n2 between the switch elements 76 connected
in parallel in the converter 75 may be connected to the power
storage system 80 of FIG. 3. In addition, a third node n3
connected to a capacitor 77 and a second switch element 112
may be connected to the power storage system 80 of FIG. 3.

[0075] The converter 75 may be a modular multi-level
converter (MMC) without being limited thereto. In the
MMC, a plurality of converters 75 shown in FIG. 4 is
provided per phase and may be connected to each other in
series. Three-phase MMCs may be divided into star con-
nection topology and delta connection topology according to
connection type thereof. The star connection topology and
the delta connection topology are known well and thus a
description thereof will be omitted.

[0076] The converter 75 of the present embodiment may
be a bidirectional power conversion apparatus for converting
power of a DC voltage into power of an AC voltage or
converting power of an AC voltage into power of a DC
voltage without being limited thereto.

[0077] For example, the converter 75 may convert active
power of an AC voltage received from the power system 30
into active power of a DC voltage and charge the capacitor
77 with the active power of the DC voltage.
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[0078] For example, the converter 75 may convert active
power of the DC voltage stored in the capacitor 77 into
active power of an AC voltage and then supply the active
power of the AC voltage to the power system 30.

[0079] The converter 75 of the present embodiment may
have a full bridge circuit including a plurality of switch
elements 76 and a plurality of diodes 78 without being
limited thereto.

[0080] The switch elements 76 may be insulated gate
bipolar transistor (IGBT) switches without being limited
thereto.

[0081] The diode 78 may be connected across each switch
element 76.
[0082] The active power and/or reactive power may be

compensated for by switching of the plurality of switch
elements 76 included in the converter 75.

[0083] Forexample, if reactive power of the power system
30 is insufficient, the plurality of switch elements 76 may be
switched such that the phase of a voltage is synchronized
with the phase of current. The reactive power of the power
system 30 may be compensated for by switching of the
plurality of switch elements 76.

[0084] Forexample, if reactive power of the power system
30 is excessive, the plurality of switch elements 76 may be
switched such that the phase of current is synchronized with
the phase of a voltage. The reactive power of the power
system 30 may be absorbed or consumed by switching of the
plurality of switch elements 76.

[0085] Insufficiency or excess of reactive power may be
determined based on a voltage value. At this time, the
voltage value may be set as a determination criterion.
Insufficiency or excess of reactive power may be determined
based on the set voltage value.

[0086] For example, if active power of the power system
30 is insufficient, the plurality of switch elements 76 may be
switched such that power stored in the capacitor 77 or the
power storage apparatus 83 is supplied to the power system
30. For example, if active power of the power system 30 is
excessive, the plurality of switch elements 76 may be
switched such that the capacitor 77 or the power storage
apparatus 83 is charged with the active power of the power
system 30.

[0087] Insufficiency or excess of active power may be
determined based on a frequency value. At this time, the
frequency value may be set as a determination criterion. For
example, a commercial frequency of 60 Hz may be used for
transmission and distribution of the power system 30.
Accordingly, 60 Hz may be set as a frequency value for
determining insufficiency or excess of active power, without
being limited thereto.

[0088] The capacitor 77 may be charged or discharged.
For example, the capacitor 77 may be charged with power
received from the power system 30 or the power storage
apparatus 83. For example, the capacitor 77 may output the
charged power to the power system 30 to be discharged.
[0089] The first to third switch elements 110, 112 and 114
may be switches for performing control to supply or absorb
active power or reactive power.

[0090] Each of the first to third switch elements 110, 112
and 114 may include at least one or more switches connected
in series. The number of switches may be changed according
to the strength of power, without being limited thereto. For
example, the first switch element 110 may include at least
one or more switches.
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[0091] One end of the first switch element 110 may be
connected to the converter 75 and the other end of the first
switch element 110 may be connected to the capacitor 77
and the second switch element 112.

[0092] One end of the second switch element 112 may be
connected to the capacitor 77 and the first switch element
110 and the other end of the second switch element 112 may
be connected to one end of the power storage apparatus 83
of the power storage system 80.

[0093] One end of the third switch element 114 may be
connected to the converter 75 and the other end of the third
switch element 114 may be connected to the other end of the
power storage apparatus 83 of the power storage system 80.
[0094] Each of the first to third switch elements 110, 112
and 114 may be controlled by the power compensation
controller 71.

[0095] In response to one control signal received from the
power compensation controller 71, the first and second
switch elements 110 and 112 and the third switch element
114 may operate reversely. To this end, the first and second
switch elements 110 and 112 and the third switch element
114 may be power semiconductor switch elements having
opposite polarities. For example, the first and second switch
elements 110 and 112 may be p-type power semiconductor
switch elements and the third switch element 114 may be an
n-type power semiconductor switch element.

[0096] In response to the first and second control signals
received from the power compensation controller 71 having
different levels, the first and second switch elements 110 and
112 and the third switch element 114 may operate reversely.
The first to third switch elements 110, 112 and 114 may be
power semiconductor switch elements having the same
polarity. In this case, the first and second switch elements
110 and 112 may be turned on in response to a first control
signal and the third switch element 114 may be turned off in
response to a second control signal.

[0097] The present embodiment may include five opera-
tion modes including an initial charging mode, a reactive
power absorption mode, a reactive power supply mode, an
active power absorption mode and an active power supply
mode without being limited thereto.

[0098] The five operation modes may be determined by
the power compensation controller 71 based on the result of
checking the state of the power system 30.

[0099] The operation modes will be described below in
detail.
[0100] Referring to FIG. 3 again, the power storage sys-

tem 80 may include the power storage controller 81 and the
power storage apparatus 83.

[0101] The power storage controller 81 may perform data
communication with the power compensation controller 71
or the renewable system 90. The power storage controller 81
may operate under control of the power compensation
controller 71.

[0102] The power storage controller 81 may perform
control to charge the capacitor 77 of the power compensator
73 with the power of the power storage apparatus 83, when
a charging request is received from the power compensation
controller 71.

[0103] The power storage controller 81 may perform
control to request to utilize the power stored in the power
storage apparatus 83 as active power to the power compen-
sation controller 71. The power storage controller 81 may
charge the capacitor 77 of the power compensator 73 with
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the power stored in the power storage apparatus 83 as active
power to supply power to the power system 30 or directly
supply power to the power system 30 when a request for
supplying active power is received from the power compen-
sation controller 71.

[0104] The power storage controller 81 may request to
generate power to be stored in the power storage apparatus
83 from the renewable system 90 and store the power
generated by the renewable system 90 in the power storage
apparatus 83. If the power generated by the renewable
system 90 is power of an AC voltage, the power storage
controller 81 may perform control to convert power of the
AC voltage into power of a DC voltage and to store the
power of the DC voltage in the power storage apparatus 83.
[0105] The power storage controller 81 may be, for
example, a battery management system (BMS) without
being limited thereto.

[0106] The power storage apparatus 83 may include an
energy storage system (ESS), a battery, a primary battery, a
secondary battery, a solar cell, a supercapacitor, a fuel cell,
a storage battery, a fly wheel, etc.

[0107] The renewable system 90 may include a renewable
controller 91 and a renewable energy source 93.

[0108] The renewable controller 91 may perform data
communication with the power storage controller 81.
[0109] The renewable controller 91 may receive a request
for supplying power from the power storage controller 81.
The renewable controller 91 may operate the renewable
energy source 93 in response to the request and transmit the
power generated by the renewable energy source 93 to the
power storage system 80.

[0110] The renewable energy source 93 means a place or
apparatus in which power is generated, and may be under-
stood as a generator for generating power.

[0111] The renewable energy source 93 may include at
least one or more new and renewable energy sources.
[0112] The renewable energy source 93 may include, for
example, a wind power plant, a solar cell plant and a
hydrogen power plant without being limited thereto.
[0113] The power compensation controller 71, the power
storage controller 81 and the renewable controller 91 may be
referred to as first to third controllers, respectively.

[0114] Although the power compensation system 70 and
the power storage system 80 are separately described in the
above description, the power compensation system 70 and
the power storage system 80 may be combined.

[0115] FIG. 5 is a block diagram showing a power com-
pensation apparatus according to a second embodiment of
the present disclosure.

[0116] In the power compensation apparatus according to
the second embodiment of the present disclosure, the power
compensation system 70 and the power storage system 80 of
the power compensation apparatus according to the first
embodiment (FIG. 3) of the present disclosure are com-
bined. For example, the power storage controller 81 of the
power storage system 80 of the first embodiment of the
present disclosure may be omitted and the control functions
of the power storage controller 81 may be performed by the
power compensation controller 71.

[0117] The power storage apparatus 83 of the second
embodiment of the present disclosure may be included in the
power compensation system 70. Therefore, in the second
embodiment of the present disclosure, the power compen-
sation controller 71 may control not only the power com-
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pensator 73 but also the power storage apparatus 83. In
addition, the power compensation controller 71 may directly
perform data communication with the renewable controller
91 of the renewable system 90. Accordingly, the power
compensation controller 71 may directly control the renew-
able system 90 to control power generation of the renewable
system 90.

[0118] The functions of the components are described in
detail in the first embodiment of the present disclosure and
thus a repeated description thereof will be omitted.

[0119] FIG. 6 is a flowchart illustrating a method of
controlling a power compensation apparatus in an initial
charging mode according to an embodiment of the present
disclosure.

[0120] The power compensation system 70 may be set to
automatically operate in an initial charging mode upon
initial startup.

[0121] Accordingly, the power compensation system 70
may initially operate in the initial charging mode.

[0122] Referring to FIG. 6, as described above, the power
compensation system 70 may operate in the initial charging
mode upon initial startup (S121).

[0123] For operation in the initial charging mode, the first
and second switch elements 110 and 112 may be turned on
and the third switch element 114 may be turned off.
[0124] The power compensation controller 71 may check
the charge amount of the capacitor 77 to determine whether
the charge amount of the capacitor 77 is insufficient (S123).
The charge amount of the capacitor 77 may be checked by
detecting the voltage of the capacitor 77, without being
limited thereto.

[0125] Ifthe charge amount of capacitor 77 is insufficient,
the power compensation controller 71 may transmit a charge
request signal to the power storage system 80 (S125).
[0126] The power storage controller 81 of the power
storage system 80 may receive the charge request signal and
check the charge state of the power storage apparatus 83 in
response to the charge request signal.

[0127] If the charge amount of the power storage appara-
tus 83 is equal to or greater than a threshold value, the power
storage controller 81 may transmit the power of the power
storage apparatus 83 to the power compensator 73 of the
power compensation system 70. The capacitor 77 of the
power compensator 73 may be charged with the transmitted
power (S127).

[0128] The power compensation controller 71 may con-
tinuously check the charge state of the capacitor 77 to
determine whether the capacitor 77 is fully charged (S129).
The capacitor being fully charged may mean that the capaci-
tor 77 is charged to the maximum capacity thereof, without
being limited thereto.

[0129] When the capacitor 77 is fully charged, the power
compensation controller 71 may change the second switch
element 112 from the ON state to the OFF state and maintain
the first and third switch elements 110 and 114 without
change. That is, the first switch element 110 may be main-
tained in the ON state and the third switch element 114 may
be maintained in the OFF state.

[0130] When the capacitor 77 is fully charged, the power
storage system 80 may transmit an initial charge completion
signal to the power compensation system 70.

[0131] When the capacitor 77 is fully charged, operation
of the power compensation system 70 in the initial charging
mode may be finished.
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[0132] FIG. 7 is a flowchart illustrating a method of
compensating for power in a power compensation apparatus
based on a mode according to an embodiment of the present
disclosure.

[0133] Referring to FIG. 7, the power compensation sys-
tem 70 may measure voltage and frequency of the power
system 30 (S131). To this end, a potential transformer and a
current transformer 51 may be provided between the power
system 30 and the power compensation apparatus 50.
[0134] Current of the power system 30 may be detected by
the current transformer and the voltage of the power system
30 may be detected by the transformer.

[0135] The voltage of the power system 30 may be mea-
sured by performing digital signal processing with respect to
the detected voltage.

[0136] In addition, the frequency of the power system 30
may be measured based on phase obtained from the detected
voltage and current.

[0137] The frequency of the power system 30 may be 60
Hz as a commercial frequency used in the power system 30
without measurement, without being limited thereto.

[0138] The power compensation system 70 may determine
an operation mode based on the voltage or frequency of the
power system 30.

[0139] The power compensation system 70 may determine
a reactive power supply mode or a reactive power absorption
mode based on the voltage (S133). In addition, an active
power supply mode or an active power absorption mode
may be determined based on the frequency.

[0140] The power compensation system 70 may compen-
sate for the active power or the reactive power according to
the determined operation mode (S135).

[0141] Hereinafter, a power compensation method accord-
ing to operation mode will be described in detail.

[0142] <Reactive Power Supply Mode and Reactive
Power Absorption Mode>

[0143] If the reactive power supply mode or the reactive
power absorption mode is determined in S133 of FIG. 7, the
power compensation controller 71 may turn the first and
second switch elements 110 and 112 on and turn the third
switch element 114 off.

[0144] Atthis time, the capacitor 77 has been charged with
power received from the power storage apparatus 83 in the
initial charging mode.

[0145] For example, if the voltage of the power system 30
measured in S131 of FIG. 7 is less than a reference value or
a set value, the power compensation controller 71 may
determine the reactive power supply mode and switch the
plurality of switch elements 76 of the power compensator 73
to synchronize the phase of the voltage with the phase of the
current. By switching the switch elements 76, the reactive
power may be supplied to the power system 30 or may be
compensated for.

[0146] For example, if the voltage of the power system 30
measured in S131 of FIG. 7 is greater than the reference
value or the set value, the power compensation controller 71
may determine the reactive power absorption mode and
switch the plurality of switch elements 76 of the power
compensator 73 to synchronize the phase of current with the
phase of the voltage. By switching the switch elements 76,
reactive power of the power system 30 may be absorbed or
consumed.
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[0147] The plurality of switch elements 76 of the power
compensator 73 may be controlled by the power compen-
sation controller 71.

[0148] <Active Power Supply Mode>

[0149] FIG. 8 is a flowchart illustrating a control method
in an active power supply mode according to an embodiment
of the present disclosure.

[0150] In operation in the active power supply mode, the
power stored in the capacitor 77 of the power compensation
system 70 or the power stored in the power storage apparatus
83 of the power storage system 80 may be supplied to the
power system 30 as active power. For example, the power
stored in the capacitor 77 may be first supplied to the power
system 30 as active power, and, when the charge amount of
the capacitor 77 becomes insufficient, the power stored in
the power storage apparatus 83 may be supplied to the power
system 30 as active power.

[0151] In order to supply active power to the power
system 30, the power compensation controller 71 of the
power compensation system 70 may control the first and
third switch elements 110 and 114 to turn the first switch
element 110 on and to turn the third switch element 114 off.
The second switch element 112 may be turned on or off such
that power of the power storage apparatus 83 of the power
storage system 80 is no longer supplied to the capacitor 77.
If the capacitor 77 is fully charged, the second switch
element 112 may be turned off. If the charge amount of the
capacitor 77 is insufficient, the second switch element 112
may be turned on to charge the capacitor 77 with power
received from the power storage apparatus 83 of the power
storage system 80.

[0152] The power compensation controller 71 of the
power compensation system 70 may notify the higher con-
trol system 60 that active power may be supplied, if the
capacitor 77 or the power storage apparatus 83 is charged
with power. The higher control system 60 may control or
adjust the active power generated and supplied by at least
one or more power sources 20 connected to the power
system 30 such that the power compensation apparatus 50 of
the present embodiment compensates for the active power,
if the active power of the power system 30 is insufficient.
Thereafter, the higher control system 60 may deliver a
command for approving supply of active power to the power
compensation system 70 and the power compensation sys-
tem 70 may supply the power stored in the capacitor 77 or
the power compensation apparatus 50 to the power system
30 as active power according to the command if the active
power of the power system 30 is insufficient.

[0153] Referring to FIG. 8, the power compensation con-
troller 71 may check whether the capacitor 77 is charged
(S141).

[0154] Whether the capacitor 77 is charged may be deter-
mined based on the charge amount of the capacitor 77 or the
voltage of the capacitor 77, without being limited thereto.

[0155] If the capacitor 77 is not charged, that is, if the
charge amount of the capacitor 77 is insufficient, the power
compensation controller 71 may perform control to turn the
second switch element 112 on, to request supply of power
from the power storage controller 81 of the power storage
system 80 and to charge the capacitor 77 with power
received from the power storage apparatus 83 under control
of the power storage controller 81 (S143).

[0156] If the capacitor 77 is charged, the power compen-
sation controller 71 may control the capacitor 77 to supply
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the power of the capacitor 77 to the power system 30 as
active power (S145). At this time, the plurality of switch
elements 76 of the converter 75 may be switched. For
example, if the capacitor 77 is charged with power of a DC
voltage, the power of the DC voltage may be converted into
power of an AC voltage by switching of the switch elements
76 of the converter 75 and the power of the AC voltage may
then be supplied to the power system 30 as active power.
[0157] For example, the power compensation controller
71 may control the capacitor 77 to supply the power of the
capacitor 77 to the power system 30 as active power, if the
measured frequency of the power system 30 becomes less
than a predetermined frequency, e.g., a commercial fre-
quency of 60 Hz.

[0158] As the power of the capacitor 77 is supplied to the
power system 30 as active power, the capacitor 77 is
discharged such that the charge amount of the capacitor 77
decreases.

[0159] The power compensation controller 71 may deter-
mine whether the charge amount of the capacitor 77 or the
voltage of the capacitor 77 is less than a first set value
(S147).

[0160] The first set value is predetermined and may be, for
example, set to 10% to 40% of the maximum charge amount
of the capacitor 77, without being limited thereto.

[0161] Ifthe charge amount of the capacitor 77 is less than
the first set value, the power compensation controller 71 may
determine that the charge amount of the capacitor 77 is
insufficient.

[0162] If the charge amount of the capacitor 77 is greater
than the first set value, the power compensation controller 71
may determine that the power of the capacitor 77 may be
used as active power to be supplied to the power system 30
more and yet more.

[0163] Ifthe charge amount of the capacitor 77 is less than
the first set value, the power compensation controller 71 may
control the first to third switch elements 110, 112 and 114 to
turn the first and second switch elements 110 and 112 off and
to turn the third switch element 114 on. In this case, the
power stored in the power storage apparatus 83 may be
directly transmitted to the converter 75. Thus, by switching
of the plurality of IGBT switches of the converter 75, power
of'the DC voltage received from the power storage apparatus
83 may be converted into active power of an AC voltage and
then supplied to the power system 30 (S149).

[0164] The power stored in the power storage apparatus 83
may be transmitted to the converter 75 of the power com-
pensation system 70 to discharge the power storage appa-
ratus 83, thereby reducing the charge amount or storage
amount of the power storage apparatus 83.

[0165] The power storage controller 81 of the power
storage system 80 may determine whether the charge
amount of the power storage apparatus 83 is less than a
second set value (S151).

[0166] The second set value is predetermined and may be,
for example, set to 10% to 40% of the maximum charge
amount of the power storage apparatus 83, without being
limited thereto.

[0167] If the charge amount of the power storage appara-
tus 83 is less than the second set value, the power storage
controller 81 may determine that the charge amount of the
power storage apparatus 83 is insufficient.

[0168] If the charge amount of the power storage appara-
tus 83 is greater than the second set value, the power storage
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controller 81 may determine that the power of the power
storage apparatus 83 can be supplied to the converter 75 of
the power compensation system 70 more and yet more.
[0169] If the charge amount of the power storage appara-
tus 83 is less than the second set value, the power storage
controller 81 may determine that the power of the power
storage apparatus 83 cannot be supplied to the converter 75
and turn the third switch element 114 off such that power of
the power storage apparatus 83 is no longer supplied to the
converter 75. At this time, the first and second switches
which are in the OFF state may be maintained in the OFF
state or turned on, without being limited thereto.

[0170] Thereafter, the power storage controller 81 may
control the renewable system 90 to store power transmitted
from the renewable system 90 in the power storage appa-
ratus 83 (S153).

[0171] More specifically, if the charge amount of the
power storage apparatus 83 is less than the second set value,
the power storage controller 81 may request supply of power
from the renewable system 90.

[0172] The renewable controller 91 of the renewable sys-
tem 90 may operate at least one or more renewable energy
sources 93 in response to the request for supplying power
from the power storage controller 81, thereby generating
power.

[0173] The renewable controller 91 may transmit power
generated by the renewable energy source 93 to the power
storage system 80. The power storage controller 81 may
control the power storage apparatus 83 to store power
received from the new and renewable energy source 93 in
the power storage apparatus 83.

[0174] While the power received from the renewable
energy source 93 is stored in the power storage apparatus 83,
if active power from the power compensation apparatus 50
of the present embodiment should be continuously supplied
to the power system 30, the power compensation controller
71 may turn the first and second switches on and supply the
active power to the power system 30 by the charge amount
of 10% to 40% of the capacitor 77, without being limited
thereto.

[0175] If the power received from the renewable energy
source 93 is completely stored in the power storage appa-
ratus 83, the first and second switches may be turned on to
transmit the power of the power storage apparatus 83 to the
power compensation system 70, thereby charging the
capacitor 77. After the capacitor 77 is charged with the
power of the power storage apparatus 83, the active power
of the AC voltage may be supplied to the power system 30
through the power conversion process of the converter 75.
[0176] As another example, if the power received from the
renewable energy source 93 is completely stored in the
power storage apparatus 83, the third switch may be turned
on to directly transmit the power of the power storage
apparatus 83 to the converter 75 of the power compensation
system 70, thereby supplying the active power of the AC
voltage to the power system 30 through the power conver-
sion process of the converter 75.

[0177] According to the present embodiment, the active
power may be supplied to the power system 30 using the
power stored in the capacitor 77 of the power compensation
system 70, and, when the power stored in the capacitor 77
can no longer be supplied to the power system 30, the power
stored in the power storage apparatus 83 of the power
storage system 80 may be directly supplied to the power
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system 30 to continuously supply active power to the power
system 30 as shown in FIG. 10, thereby stably supplying
power to the power system 30 anytime.

[0178] <Active Power Absorption Mode>

[0179] FIG. 9 is a flowchart illustrating a control method
in an active power absorption mode according to an embodi-
ment of the present disclosure.

[0180] In the active power absorption mode, the capacitor
77 of the power compensation system 70 or the power
storage apparatus 83 of the power storage system 80 may be
charged with the active power of the power system 30. For
example, the capacitor 77 of the power compensation sys-
tem 70 may be first charged with the active power of the
power system 30 and, when the capacitor 77 is fully charged,
the active power of the power system 30 may be stored in the
power storage apparatus 83 of the power storage system 80.
[0181] In the active power absorption mode, the power
compensation controller 71 may control the first to third
switch elements 110, 112 and 114 to turn the first and second
switches on and turn the third switch off.

[0182] Referring to FIG. 9, the power compensation con-
troller 71 may determine that the amount of active power in
the power system is excessive if the measured frequency of
the power system 30 is greater than a set frequency, e.g., a
commercial frequency of 60 Hz.

[0183] The power compensation controller 71 may charge
the capacitor 77 of the power compensator 73 with the active
power of the power system 30 based on the result of
determination (S161).

[0184] More specifically, upon determining that the
amount of active power in the power system 30 is excessive,
the power compensation controller 71 may control the
converter 75 to convert the active power of the AC voltage
of the power system 30 into active power of a DC voltage
and then charge the capacitor 77 with the active power of the
DC voltage.

[0185] If the capacitor 77 is fully charged with the active
power of the power system 30 (S163), the power compen-
sation controller 71 may control the first to third switch
elements 110, 112 and 114 to turn the first and second
switches off and to turn the third switch on.

[0186] Therefore, the active power of the power system 30
may be transmitted to the power storage system 80 through
the converter 75 of the power compensator 73.

[0187] If active power is transmitted from the power
compensation system 70, the power storage controller 81 of
the power storage system 80 may control the power storage
apparatus 83 to store the transmitted active power in the
power storage apparatus 83 (S167).

[0188] The power storage controller 81 may check
whether the power is transmitted from the renewable system
90 before storing the active power received from the power
compensation system 70 in the power storage apparatus 83.
[0189] If active power is received from the power com-
pensation system 70, power does not need to be received
from the renewable system 90 to be stored in the power
storage apparatus 83.

[0190] Accordingly, if power is received from the renew-
able system 90, the power storage controller 81 may control
the renewable system 90 to stop transmission of power from
the renewable system 90 (S165).

[0191] More specifically, if power is received from the
renewable system 90, the power storage controller 81 may
request to stop transmission of power from the renewable
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system 90. The renewable controller 91 of the renewable
system 90 may perform control not to transmit power
generated by the renewable system 90 to the power storage
system 80 or stop operation of the renewable energy source
93 not to generate power in response to the request.
[0192] Meanwhile, the power compensation controller 71
of the power compensation system 70 may monitor the
frequency of the power system 30 to determine whether the
active power of the power system 30 is absorbed such that
the frequency of the power system 30 is within a stable range
(S169).

[0193] The stable range may be +1.67% to 3.4% of the
commercial frequency of 60 Hz. That is, the stable range
may be 58 Hz to 62 Hz. Preferably, the stable range may be
59 Hz to 60.5 Hz.

[0194] The frequency of the power system 30 is compared
with the stable range, because 60 Hz, which is the commer-
cial frequency used and defined in the power system 30, is
not always constant. In the domestic Electricity Enterprises
Act, the commercial frequency is set to 60 Hz+0.2 Hz. In
order to maintain the commercial frequency, a power system
performs control for correcting imbalance between power
generation and consumption. However, the frequency may
be changed due to imbalance between power generation and
consumption and power failure may occur if the frequency
is out of the stable range. The power compensation system
70 may be used as control unit and the control method
thereof will be described below.

[0195] Upon determining that the frequency of the power
system 30 is within the stable range, the power compensa-
tion controller 71 may perform control not to absorb the
active power of the power system 30 (S171). That is,
absorption of active power may be stopped.

[0196] To this end, the power compensation controller 71
may stop operation of the converter 75. As operation of the
converter 75 stops, since the plural IGBT switches included
in the converter 75 are not switched, the active power of the
power system 30 is not stored in the capacitor 77 or the
power storage apparatus 83. This may mean that absorption
of the active power of the power system 30 is stopped.
[0197] According to the present embodiment, the capaci-
tor 77 may be charged with the active power of the power
system 30 and, when the capacitor 77 is fully charged, the
active power of the power system 30 may be stored in the
power storage apparatus 83 to continuously store the active
power of the power system 30, thereby stably supplying
power to the power system 30.

[0198] When the active power of the power system 30 is
stored in the power storage apparatus 83, power may not be
received from the renewable system 90, thereby reducing
costs of generating power.

[0199] In addition, in the present embodiment, active
power may be supplied to the power system 30 using the
capacitor 77 or the power storage apparatus 83 in which the
active power of the power system 30 is absorbed, such that
power is not generated in at least one or more power sources
20 connected to the power system 30 or the amount of power
generated in the power sources is reduced, thereby reducing
costs of generating power.

[0200] FIG. 11 is a block diagram showing a power
compensator according to a third embodiment.

[0201] The third embodiment is similar to the first and
second embodiments except that the first to third switch
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elements 110, 112 and 114 and the capacitor 77 included in
the power compensator 73 are removed.

[0202] The power compensator 73 may include only the
converter 75. Accordingly, the input terminal of the con-
verter 75 may be connected to the power system 30 through
the transformer and the current transformer 51 and the
output terminal of the converter 75 may be directly con-
nected to the power storage apparatus 83.

[0203] In addition, the power compensation controller 71
may control both the converter 75 of the power compensator
73 and the power storage apparatus 83. In addition, the
power compensation controller 71 may directly control the
renewable system 90 to receive power from the renewable
system 90 or to stop power transmission.

[0204] As a first example, the power compensation con-
troller 71 may control the converter 75 based on the sensed
voltage of the power system 30 to synchronize the phase of
the current with the phase of the voltage, thereby exchanging
reactive power with the power system 30.

[0205] For example, the power compensation controller
71 may compensate for reactive power of the power system
30 if the reactive power of the power system 30 is insuffi-
cient and absorb reactive power from the power system 30
if the amount of reactive power of power system 30 is
excessive.

[0206] As a second example, the power compensation
controller 71 may control the converter 75 based on the
frequency of the power system to store the active power of
the power system 30 or to supply active power to the power
system.

[0207] For example, the power compensation controller
71 may supply the power stored in the power storage
apparatus 83 to the power system 30 as active power if the
active power of the power system 30 is insufficient. The
power compensation controller 71 may control the renew-
able system 90 to receive power from the renewable system
90 and to store power in the power storage apparatus 83, if
the amount of power stored in the power storage apparatus
83 is less than a set value.

[0208] As an example, power stored in the power storage
apparatus 83 may be supplied to the power system 30 and,
at the same time, power transmitted from the renewable
system 90 may be stored in the power storage apparatus 83,
without being limited thereto.

[0209] As another example, if active power is supplied to
the power system 30, instead of power stored in the power
storage apparatus 83, power generated by the renewable
energy source 93 of the renewable system 90 may be directly
supplied to the power system 30 through the converter 75,
without being limited thereto.

[0210] The effects of the power compensation apparatus
and the method of controlling the same according to the
present disclosure will now be described.

[0211] According to at least one of the embodiments of the
present disclosure, active power is supplied to the power
system using power stored in the capacitor of the power
compensation system (first system) and, when the power
stored in the capacitor cannot be supplied to the power
system, power stored in the power storage apparatus of the
power storage system (second system) is supplied to the
power system, thereby consistently supplying active power
to the power system. Therefore, it is possible to stably
supply power to the power system.
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[0212] According to at least one of the embodiments of the
present disclosure, the capacitor is charged with active
power of the power system and, when the capacitor is fully
charged, active power of the power system is stored in the
power storage apparatus, thereby consistently storing active
power of the power system. Therefore, it is possible to stably
supply power to the power system.

[0213] In addition, in the present disclosure, when active
power of the power system is stored in the power storage
apparatus, power may not be received from the renewable
system (third system). Therefore, it is possible to reduce loss
occurring in a power conversion process.

[0214] In the present disclosure, since active power can
always be supplied to the power system using the capacitor
or the power storage apparatus in which active power of the
power system is stored, power is not generated in at least one
or more power sources connected to the power system or the
amount of power generated in the power sources is reduced,
thereby reducing costs of generating power.

[0215] The above exemplary embodiments are therefore
to be construed in all aspects as illustrative and not restric-
tive. The scope of the disclosure should be determined by the
appended claims and their legal equivalents, not by the
above description, and all changes coming within the mean-
ing and equivalency range of the appended claims are
intended to be embraced therein.

What is claimed is:

1. A power compensation apparatus for compensating for
power of a power system to be allowed to transmit from at
least one or more power sources to a load, the power
compensation apparatus comprising:

a first system connected to the power system to compen-
sate for active power and reactive power of the power
system,

a second system connected to the first system to store
power necessary for compensating for active power and
reactive power; and

a third system connected to the second system to generate
power to be stored in the second system,

wherein the first system includes:

a converter connected to the power system to convert
power;

a capacitor connected to the converter and charged with
active power of the power system or the power of the
second system; and

a first controller configured to control the converter and
the capacitor.

2. The power compensation apparatus according to claim

1, wherein the first system further includes:

a first switch element between the converter and the
capacitor;

a second switch element between the capacitor and the
second system; and

a third switch element between the converter and the
second system.

3. The power compensation apparatus according to claim

1, wherein the second system includes:

a power storage apparatus configured to store active
power of the power system or the power generated by
the third system; and

a second controller configured to perform data commu-
nication with the first system and to control the power
storage apparatus.
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4. The power compensation apparatus according to claim
3, wherein the third system includes a renewable energy
source configured to generate power to be transmitted to the
second system.

5. The power compensation apparatus according to claim
4, wherein the first controller:

determines whether reactive power is compensated for
based on a voltage of the power system, and

controls the converter to supply reactive power to the
power system or to absorb reactive power from the
power system.

6. The power compensation apparatus according to claim

4, wherein the first controller checks a charge amount of the
capacitor and charges the capacitor with power stored in the
power storage apparatus if the charge amount of the capaci-
tor is insufficient.

7. The power compensation apparatus according to claim
4, wherein the first controller:

determines whether active power and reactive power are
compensated for based on a frequency of the power
system, and

controls the converter to supply active power and reactive
power to the power system or to absorb active power
and reactive power from the power system.

8. The power compensation apparatus according to claim

7, wherein the first controller controls the converter to
supply power stored in the capacitor as active power to the
power system when active power is supplied.

9. The power compensation apparatus according to claim
8, wherein the first controller controls the second system to
supply power stored in the power storage apparatus as active
power to the power system, if the charge amount of the
capacitor is insufficient.

10. The power compensation apparatus according to
claim 9, wherein the second controller controls the third
system to receive power generated by the renewable energy
source and to store the received power in the power storage
apparatus, if the amount of power stored in the power
storage apparatus is insufficient.

11. The power compensation apparatus according to claim
7, wherein the first controller controls the converter to
charge the capacitor with active power of the power system,
when active power is absorbed.

12. The power compensation apparatus according to
claim 11, wherein the first controller controls the second
system to store active power of the power system in the
power storage apparatus, if the capacitor is fully charged.

13. The power compensation apparatus according to
claim 12, wherein the second controller controls the third
system such that the third system does not transmit power,
if the third system transmits power.

14. The power compensation apparatus according to
claim 12, wherein the first controller performs control to
stop absorption of active power of the power system if the
frequency of the power system is within a stable range.

15. A power compensation apparatus for compensating
for power of a power system to be allowed to transmit from
at least one or more power sources to a load, the power
compensation apparatus comprising:

a first system connected to the power system to compen-
sate for active power and reactive power of the power
system and to store power necessary for compensating
for active power and reactive power; and
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a second system connected to the first system to generate
power to be stored in the first system,

wherein the first system includes:

a converter connected to the power system to convert
power;

a power storage apparatus connected to the converter to
store active power of the power system or the power
generated by the second system; and

a controller configured to control the converter and the
power storage apparatus.

16. A method of controlling a power compensation appa-
ratus including a first system including a converter and a
capacitor, a second system including a power storage appa-
ratus and a third system including at least one or more
renewable energy sources, in order to compensate for power
of'a power system to be allowed to transmit from at least one
or more power sources to a load, the method comprising:

measuring, by the first system, a voltage and frequency of
the power system;

determining, by the first system, one of a reactive power
supply mode, a reactive power absorption mode, an
active power supply mode and an active power absorp-
tion mode based on the voltage and frequency;

compensating for, by the first system, power according to
the determined mode; and

storing, by the second system, power generated by the at
least one or more renewable energy sources in the
power storage apparatus.

17. The method according to claim 16, further comprising
controlling, by the first system, the second system to receive
the power from the power storage apparatus and to charge
the received power on the capacitor of the first system if the
capacitor of the first system is not charged upon initial
operation of the first system.

18. The method according to claim 16, further comprising
controlling, by the first system, the converter of the first
system to supply active power to the power system or to
absorb reactive power of the power system in the reactive
power supply mode or the reactive power absorption mode.

19. The method according to claim 16, further compris-
ing:

supplying, by the first system, the power stored in the
capacitor of the first system to the power system as
active power in the active power supply mode; and

controlling, by the first system, the second system to
supply the power stored in the power storage apparatus
to the power system as active power if a charge amount
of the capacitor of the first system is insufficient.

20. The method according to claim 19, further comprising
controlling, by the second system, the third system to
receive power generated by the renewable energy sources
and to store the received power in the power storage
apparatus if the amount of power stored in the power storage
apparatus of the second system is insufficient.

21. The method according to claim 16, further compris-
ing:

charging, by the first system, the capacitor of the first
system with the active power of the power system in the
active power absorption mode; and

controlling, by the first system, the second system to store
the active power of the power system in the power
storage apparatus if the capacitor of the first system is
fully charged.
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22. The method according to claim 21, further comprising
the second system controlling, by the second system, the
third system to stop transmission of power from the third
system if the third system transmits power.
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