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(54) Grid-connected energy storage system and method of controlling grid-connected energy 
storage system

(57) A grid-connected energy storage system (200)
capable of increasing the efficiency of a converter and a
method of controlling the system are disclosed. The grid-
connected energy storage system can increase the effi-

ciency of a converter (211) by measuring generated pow-
er of a plurality of power generation modules (230) and
selectively operating the converter based on the meas-
urements.
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Description

BACKGROUND

Field

[0001] The disclosed technology relates to a grid-con-
nected energy storage system that is connected to a pow-
er generation system where the grid supplies power to a
load, and a method of controlling the system.

Description of the Related Technology

[0002] Recently, greater interest has been placed in
developing renewable energy technologies. Studies on
renewable energies have been actively conducted in
many countries, because through use of renewable en-
ergies, exhaustion of fossil energy and environmental
problems can be addressed. In particular, because solar
power generation systems generate power by using solar
energy, which is a renewable resource, and because so-
lar power generation systems do not cause pollution and
require little maintenance, solar power generation sys-
tems have attracted much attention. Such renewable en-
ergy power generation systems convert power with the
use of one converter for a plurality of power generation
modules. Thus, when the amount of generated energy
is different for each module, the efficiency of the converter
is deteriorated.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0003] One aspect is a energy storage system con-
nected to a grid and a plurality of power generation mod-
ules. The system includes a plurality of converters for
converting power generated by each of the plurality of
power generation modules into DC power at a voltage
level, a plurality of series switches connected to the plu-
rality of power generation modules, and a plurality of par-
allel switches configured to selectively connect the plu-
rality of power generation modules to one another. The
system also includes a controller configured to control
the plurality of series switches and the plurality of parallel
switches in order to selectively connect each of the power
generation modules to at least one selected converter,
where the selected converter is selected from the plurality
of converters based on the power generated by each of
the plurality of the power generation modules. In some
embodiments, the power generation modules are solar
cells.
[0004] Another aspect is a method of controlling an
energy storage system that is connected to a plurality of
power generation modules, to a grid, and to a load. The
method includes measuring power generated by each of
the plurality of power generation modules, and connect-
ing one or more of the power generation modules to a
selected converter by controlling a plurality of series
switches connected to each of the plurality of power gen-

eration modules and a plurality of parallel switches se-
lectively connecting the plurality of power generation
modules to one another. The selected converter is se-
lected from a plurality of converters based on the gener-
ated power of the plurality of power generation modules.
The method also includes converting power from the one
or more power generation modules into DC power at a
voltage level with the selected converter.
[0005] According to a first aspect of the invention, there
is provided an energy storage system for connection to
a grid and a plurality of power generation modules. Pre-
ferred features of this aspect are set out in claims 2 to 7.
According to another aspect of the invention, there is
provided a system comprising an energy storage system
of the first aspect, a grid and a plurality of power gener-
ation modules. According to a second aspect of the in-
vention, there is provided method of controlling an energy
storage system as set out in claim 8. Preferred features
of this aspect are set out in claims 9 to 15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of various embodiments, taken in conjunction
with the accompanying drawings of which:
[0007] FIG. 1 is a schematic block diagram illustrating
a grid-connected energy storage system according to an
embodiment;
[0008] FIG. 2 is a detailed view illustrating a switching
device connecting a power generation system of the grid-
connected energy storage system of FIG. 1 with a con-
verter, according to an embodiment;
[0009] FIG. 3 is a schematic block diagram illustrating
an inner structure of a controller of FIG. 2, according to
an embodiment; and
[0010] FIG. 4 is a schematic flowchart illustrating a
method of controlling a grid-connected energy storage
system according to an embodiment;

DETAILED DESCRIPTION OF CERTAIN INVENTIVE 
EMBODIMENTS

[0011] Certain exemplary embodiments are described
in detail with reference to the attached drawings. Like
reference numerals generally designate like elements
throughout the specification. In the description, the de-
tailed descriptions of well-known functions and structures
may be omitted so as not to hinder the understanding of
various inventive aspects. Certain embodiments relate
to a grid-connected energy storage system having high
efficiency use of a converter and a method of controlling
the system.
[0012] FIG. 1 is a schematic block diagram illustrating
a grid-connected energy storage system 100 according
to an embodiment.
[0013] Referring to FIG. 1, the grid-connected energy
storage system 100 (hereinafter, an energy storage sys-
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tem) is connected to a power generation system 130, a
grid 140, and may supply power to a load 150.
[0014] The power generation system 130 generates
electrical energy with an energy source and outputs the
electrical energy to the energy storage system 100. The
power generation system 130 may be, for example, a
solar power generation system, a wind power generation
system, or a tidal power generation system, and or may
be another renewable energy source, such as solar heat
or geothermal heat. In particular, a solar cell generates
electrical energy from sunlight and may be easily in-
stalled in a house or a factory, and thus may be appro-
priately used with the energy storage system 100, which
may be installed in houses. The power generation system
130 includes a plurality of power generation modules 1
through n that are connected in parallel, and each power
generation module generates electrical energy. In some
embodiments, the power generation system 130 is a
large-capacity energy system.
[0015] The grid 140 may include a power station, a
substation, a power line, etc. When the grid 140 is in a
normal state, the grid 140 can supply power to the energy
storage system 100 and/or the load 150 and can receive
power supplied from the energy storage system 100.
When the grid 140 is in an abnormal state, the grid 140
does not supply power to the energy storage system 100
or the load 150, and the energy storage system 100 does
not supply power to the grid 140.
[0016] The load 150 consumes power generated by
the power generation system 130, power stored in a stor-
age device 120, or power supplied by the grid 140. The
load 150 may be, for example, a house or a factory.
[0017] The energy storage system 100 may store pow-
er generated by the power generation system 130 in the
storage device 120, send generated power to the grid
140, send power stored in the storage device 120 to the
grid 140, and store power supplied by the grid 140 in the
storage device 120. The energy storage system 100 may
supply power to the load 150 during abnormal situations,
for example, during a power outage in which the grid 140
is unable to supply power, by performing an uninterrupt-
ible power supply (UPS) operation. Also, the energy stor-
age system 100 may supply power generated from the
power generation system 130 or power stored in the stor-
age device 120 to the load 150, even when the grid 140
is in a normal state.
[0018] The energy storage system 100 may include a
converter 111, a bidirectional inverter 112, a bidirectional
converter 113, a combined controller 114, a battery man-
agement system (BMS) 115, a direct current (DC) link
unit 116, and a switching device 117.
[0019] The converter 111 is connected between the
power generation system 130 and a first node N1 and
sends power generated from the power generation sys-
tem 130 to the first node N1. Operation of the converter
111 may vary according to the type of the power gener-
ation system 130. When the power generation system
130 is a wind power generation system or a tidal power

generation system that outputs AC power, the converter
111 converts the AC power of the power generation sys-
tem 130 into DC power and outputs the DC power to the
first node N1. When the power generation system 130 is
a solar cell that outputs DC power, the converter 111
receives DC power from the power generation system
130 and supplies DC power to the first node N1. In some
embodiments, the converter 111 performs a maximum
power point tracking (MPPT) control so as to obtain max-
imum power generated by a solar power generation sys-
tem, a wind power generation system, or a tidal power
generation system according to the combined controller
114. The converter 111 includes converters 1 through n
respectively corresponding to the plurality of power gen-
eration modules 1 through n of the power generation sys-
tem 130. The converters 1 through n may be selectively
connected to the power generation modules 1 through n
via the switching device 117. The switching device 117
may connect power generation modules to at least one
converter simultaneously or one at a time.
[0020] The DC link unit 116 may be connected be-
tween the first node N 1 and a bidirectional inverter 112
to maintain the DC voltage level of the first node N1 at a
DC link level. The voltage level at the first node N1 may
be unstable due to instantaneous voltage sagging of the
power generation system 130 or the grid 140 or peak
load generation in the load 150. However, the voltage at
the first node N1 is preferably stable for normal opera-
tions of the bidirectional converter 113 and the bidirec-
tional inverter 112. The DC link unit 116 may stabilize
the DC voltage level at the first node N1, and the DC link
unit 116 may include a capacitor. The capacitor may be
an aluminum electrolytic capacitor, polymer capacitor or
a high voltage and large current multi layer ceramic ca-
pacitor (MLCC). In some embodiments, the DC link unit
116 is formed as an individual element, but the DC link
unit 116 may be formed inside the bidirectional converter
113, the bidirectional inverter 112, or the converter 111.
[0021] The bidirectional inverter 112 is a power con-
verter connected between the first node N1 and the grid
140. The bidirectional inverter 112 rectifies an AC voltage
from the grid 140 to generate DC power to be stored in
the storage device 120. The bidirectional inverter 112
also converts a DC voltage from the power generation
system 130 or the battery 120 into an AC voltage to be
output to the grid 140. The bidirectional inverter 112 may
also include a filter for removing certain frequency com-
ponents from the AC voltage that is to be output to the
grid 140, and may perform various other functions, such
as limiting voltage changes, improving power factor, re-
moving DC components, protecting against transient
phenomena, etc.
[0022] The bidirectional converter 113 is a power con-
verter connected between the first node N 1 and the bat-
tery 120. The bidirectional converter 113 converts a DC
link voltage at the first node N1 into a DC voltage to be
stored in the battery 120 and converts a voltage stored
in the battery 120 into a DC link voltage level to be trans-
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mitted to the first node N1. For example, when DC power
generated from the power generation system 130 or AC
power supplied from the grid 140 is stored in the battery
120, the bidirectional converter 113 may operate as a
buck converter for adjusting the DC link voltage level of
the first node N1 to a battery storage voltage. When pow-
er charged in the battery 120 is supplied to the grid 140
or the load 150, the bidirectional converter 113 may also
operate as a boost converter for adjusting the battery
storage voltage to the DC link voltage level at the first
node N1.
[0023] The battery 120 stores power supplied from the
power generation system 130 or the grid 140. The battery
120 may be any of various types of battery cells. For
example, the battery 120 may be a nickel-cadmium bat-
tery, a lead storage battery, a nickel metal hydride battery
(NiMH), a lithium ion battery, or a lithium polymer battery.
There may be a plurality of batteries which form the bat-
tery 120. The number of batteries may be determined
based on power capacity, design conditions, or the like
required in the energy storage system 100.
[0024] The BMS (battery management system) 115 is
connected to the battery 120 and controls charge and
discharge operations of the battery 120 according to the
combined controller 114. Discharge current and charge
current are respectively transmitted from the battery 120
to the bidirectional converter 130 and from the bidirec-
tional converter 130 to the battery 120 via the BMS 115.
The BMS 115 may also includes various features, such
as overcharge protection, overdischarge protection,
overcurrent protection, overvoltage protection, overheat
protection, cell balancing, etc., in order to protect the bat-
tery 120. For this, the BMS 115 may monitor voltage,
current, temperature, the amount of power remaining,
the life span, etc., of the battery 120, and may send the
information to the combined controller 114. In some em-
bodiments, the BMS 115 is separately formed from the
battery 120, but the BMS 115 and the battery 120 may
be integrated in a battery pack.
[0025] The combined controller 114 receives informa-
tion including voltage, current, temperature, etc., about
the grid 140 from the grid 140. The combined controller
114 determines whether an abnormal situation has oc-
curred in the grid 140 based on the information about the
grid 140. When the grid 140 is in an abnormal state, the
combined controller 114 outputs power stored in the bat-
tery 120 or power generated by the power generation
system 130 to the load 150 and prevents power from
being supplied from the energy storage system 100 to
the grid 140.
[0026] The combined controller 114 controls each
component of the energy storage system 100 so as to
supply power stored in the battery 120 to the grid 140.
The energy storage system 100 supplies power stored
in the battery 120 to the grid 140 so as to supply the
power for free or to sell the power to the grid 140 man-
agement entity.
[0027] The combined controller 114 transmits a pulse

width modulated (PWM) control signal that controls a
switching operation of each of the converter 111, the bi-
directional inverter 112, and the bidirectional converter
113. The PWM control signal minimizes losses due to
power conversions performed by the converter 111, the
bidirectional inverter 112, and the bidirectional converter
113 through having a duty ratio optimally controlled ac-
cording to an input voltage of each of the converter 111,
the bidirectional inverter 112, and the bidirectional con-
verter 113. For this, the combined controller 114 receives
signals corresponding to voltage, current, and tempera-
ture sensed at each input terminal of the converter 111,
the bidirectional inverter 112, and the bidirectional con-
verter 113 and sends a converter control signal and an
inverter control signal on based on the sensing signals.
The combined controller 114 measures output power of
each of the power generation modules 1 through n of the
power generation system 130 and selectively connects
the power generation modules 1 through n to the con-
verter 111. The operation of selectively connecting the
converter 111 with respect to the combined controller
114 is described below.
[0028] FIG. 2 is a more detailed view illustrating a
switching device connecting a power generation system
230 of an energy storage system 200 with a converter
211, according to some embodiments. FIG. 3 is a sche-
matic block diagram illustrating an inner structure of a
controller 214 of FIG. 2, according to some embodiments.
[0029] Referring to FIG. 2, an energy storage system
200 is connected to a solar power generation system
230, but embodiments of the present invention are not
limited thereto, and thus the energy storage system 200
may be connected to another power generation system.
The energy storage system 200 stores power generated
by the solar power generation system 230 in a battery
220 and supplies the power to a grid 240 or a load 250.
[0030] The solar power generation system 230 in-
cludes a plurality of solar cell modules 230a, 230b, and
230c, wherein the solar cell modules output DC current
according to the amount of sunshine exposed thereto.
The solar cell modules 230a, 230b, and 230c have dif-
ferent outputs according to the varying conditions there-
of, such as solar radiation, temperature, and a drive op-
erating point. Each of the solar cell modules 230a, 230b,
and 230c may include a plurality of solar cells connected
in series or in parallel in order to obtain a desired output.
In the system of FIG. 2, three solar cell modules are il-
lustrated, but more solar cell modules may be formed
according to installation location or design in order to
obtain a desired amount of power.
[0031] A converter 211 converts DC power that is out-
put from the power generation system 230 into DC power
at a desired voltage level. The converter 211 includes a
plurality of converters 211a, 211b, and 211c connected
in parallel and respectively corresponding to the solar
cell modules 230a, 230b, and 230c. In FIG. 2, three con-
verters 211 are formed, but more or fewer converters 211
corresponding to the number of the power generation
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system 230 may be formed. Accordingly, power output
by each of the solar cell modules 230a, 230b, and 230c
may be individually and independently converted to in-
crease power conversion efficiency of the converter 211.
Also, the converters 211 a, 211 b, and 211 c are controlled
to selectively operate according to the amounts of power
generated by the solar cell modules 230a, 230b, and
230c. For example, each solar cell module may generate
a different amount of power according to weather condi-
tions for generating energy, installation location, and in-
stallation direction of the solar cell modules 230a, 230b,
and 230c. In this case, when all the converters connected
to the solar cell modules 230a, 230b, and 230c are op-
erated, the efficiency of the converters is decreased. Ac-
cordingly, at least one converter is selectively operated
from among the converters 211 a, 211 b, and 211 c ac-
cording to the amounts of power generated by the solar
cell modules 230a, 230b, and 230c in order to increase
the efficiency of the converters. The converter 211 is con-
trolled to follow the maximum output point according to
the states of the solar cell modules 230a, 230b, and 230c.
[0032] A bidirectional inverter 212 rectifies an AC volt-
age that is input from the grid 240 to a DC voltage to be
stored in the battery 220 and outputs the DC voltage.
Also, the bidirectional inverter 212 converts a DC voltage
that is output from the power generation system 230 or
the battery 220 into an AC voltage to be output to the grid
240 and outputs the AC voltage.
[0033] A bidirectional converter 213 converts a DC
voltage that is output from the power generation system
230 to a battery storage voltage and converts the battery
storage voltage to a DC link voltage level to be supplied
to the bidirectional converter 212.
[0034] The battery 220 stores power supplied from the
power generation system 230 or the grid 240. The battery
220 and a BMS (not shown) may be integrated as a bat-
tery pack.
[0035] A switch 217 includes series switches SWa,
SWb, and SWc formed on lines connecting the solar cell
modules 230a, 230b, and 230c with the converters 211a,
211b, and 211c in series, and parallel switches SW1,
SW2, and SW3 for connecting the solar cell module 230a
with the solar cell module 230b, the solar cell module
230b with the solar cell module 230c, and the solar cell
module 230c with the solar cell module 230a, respective-
ly. On-off operations of the series switches SWa, SWb,
and SWc and the parallel switches SW1, SW2, and SW3
may be controlled according to an operation algorithm in
the controller 214.
[0036] The controller 214 controls the converter 211
according to the maximum output point. For this, the con-
troller 214 measures the amount of power output by the
solar cell modules 230a, 230b, and 230c and controls
the converter 211 to operate in an operating mode in
which the maximum output is generated according to an
operation having various algorithms. The controller 214
connects the solar cell modules 230a, 230b, and 230c
to the converters 211a, 211b, and 211c via the switch

217 (in such a way as to) optimize power generation ef-
ficiency. For example, in some embodiments, the con-
troller 214 measures the amount of power generated by
each of the solar cell modules 230a, 230b, and 230c, and
prevents a connection between solar cell modules having
low amounts of generated power and converters of the
converter 211 via the switch 217. In addition, controller
214 connects the solar cell modules having the low
amounts of generated power to the same converter in
the converter 217, so that power input to the converter
is increased, thereby increasing the efficiency of the con-
verter and extending the life span of the converter. Also,
the controller 214 periodically monitors the condition of
the converter so as to exclude a converter having defects,
for example, a converter that has stopped functioning,
thereby minimizing errors in the system operation.
[0037] Referring to FIG. 3, the controller 214 includes
a power generation measuring unit 301, a converter mon-
itor 303, a calculator 305, and a switch controller 307.
The controller 214 may be integrated with the combined
controller 114 or may be formed separately from the com-
bined controller 114 in FIG. 1.
[0038] The power generation measuring unit 301
measures output power Pout of each of the solar cell
modules 230a, 230b, and 230c. The output power Pout
may be measured periodically or may be measured as
desired by an operator depending on a situation.
[0039] The converter monitor 203 may periodically
monitor and warn about operation conditions and defects
of the converters 211 a, 211 b, and 211 c. The converter
monitor 203 compiles a database recording defects, re-
placement time, the number of operations, and operating
hours of the converters 211 a, 211 b, and 211 c and
periodically or aperiodically updates the database.
[0040] The calculator 305 receives power output by
each of the solar cell modules 230a, 230b, and 230c from
the power generation measuring unit 301, and also re-
ceives information about the converters 211 a, 211b, and
211 c from the converter monitor 203. The calculator 305
compares the power output by each of the solar cell mod-
ules 230a, 230b, and 230c with a reference value based
on the information.
[0041] The switch controller 307 selects at least one
converter based on the comparison performed by the
calculator 305, and outputs a control signal to the switch
217 for turning on series switches and parallel switches
corresponding to the selected converter in order to con-
nect the solar cell modules 230a, 230b, and 230c to the
at least one selected converter. The converter may be
selected, for example, according to the operating hours
of the converter, the number of operations of the con-
verter, arrangement sequence of the converter, optional
selection, etc.
[0042] FIG. 4 is a schematic flowchart of a method of
controlling an energy storage system according to some
embodiments. The method of controlling the energy stor-
age system is described with reference to FIGS. 3 and 4.
[0043] In S400, power generation measuring unit 301
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measures power output by each of power generation
modules, that is, an output power Pout. The output power
Pout may be measured periodically, aperiodically, or as
desired by an operator.
[0044] In S410, calculator 305 compares the amount
of power output by each of the solar cell modules 230a,
230b, and 230c with a first comparative value A. The first
comparative value A may be a percentage of input power
required for a converter to output maximum power, for
example, 70 % of the required input power.
[0045] In S420, if there are power generation modules
having output power greater than the first comparative
value A, the switch controller 307 turns on series switches
connected to those power generation modules. The pow-
er generation modules having output power greater than
the first comparative value A are, therefore, connected
to corresponding converters via the series switches, and
the connected converters convert power.
[0046] In S430, the calculator 305 adds up the amount
of power output by each of the remaining solar cell mod-
ules, which have output power less than the first com-
parative value A, and determines whether the sum is less
than a second comparative value B. The second com-
parative value may be a percentage of the input power
required for a converter to output maximum power. The
second comparative value B may be a value greater than
the first comparative value A, for example, 80 % of the
required input power.
[0047] In S440, if the sum is less than the second com-
parative value B, the switch controller 307 selects a con-
verter having a short operating time from among non-
operating converters and connects the power generation
modules to the selected converter (S440). In other words,
in S440 the least used non-operating converter is select-
ed. To connect each of the power generation modules
to the selected converter, corresponding series and par-
allel switches are turned on. The meaning of the short
operating time in S440 refers to selecting the least used
converter among the converters because the embodi-
ment of the present invention is selectively switching and
using a plurality of converters, and then the operating
time of the plurality of converters is different respectively,
thereby efficiency of converter use is increased.
[0048] If the sum exceeds the second comparative val-
ue B, in S450, the calculator 305 adds up the amounts
of power output by two of the remaining solar cell modules
and compares the sum with the second comparative val-
ue B. The calculator 305 compares a sum of the amount
of power output by one power generation module P and
the amount of power output by a previous power gener-
ation module P- or the amount of power output by a next
power generation module P+ with the second compara-
tive value B.
[0049] If the sum of the amounts of power output by
the adjacent power generation modules is less than the
second comparative value B, in S460, the switch control-
ler 307 connects the adjacent two power generation mod-
ules to a converter having a short operating time from

among the non-operating converters. Therefore, the
least used non-operating converter is selected. To con-
nect each of the adjacent two power generation modules
to the selected converter, corresponding series and par-
allel switches are turned on. When both of the sum of P
and P- and the sum of P and P+ are less than the second
comparative value B, the converter may select the mod-
ules of which the sum of the amounts of power is closer
to the second comparative value B.
[0050] If the sum of the amounts of power output by
the adjacent power generation modules exceeds the sec-
ond comparative value B, in S470, the switch controller
307 connects each of the power generation modules to
the corresponding converters. Then, series switches
connected to each of the power generation module are
turned on.
[0051] In one example, if only the output power P1 of
the solar cell module 230a is more than the first compar-
ative value A, the series switch SWa is turned on. Output
powers P2 and P3 of the remaining solar cell modules
230b and 230c are added up. When the sum P2+P3 is
less than the second comparative value B, the solar cell
modules 230b and 230c are connected to a converter
having a short operating time from among the converters
211b and 211c, for example, the converter 211b. Accord-
ingly, the series switch SWb and the parallel switch SW2
are turned on. If the sum P2+P3 of the solar cell modules
230b and 230c exceeds the second comparative value,
the series switch SWb and the series switch SWc are
turned on.
[0052] In another example, when all the amounts of
power output by the solar cell modules 230a, 230b, and
230c are less than the first comparative value A, all the
amounts of power output by the solar cell modules 230a,
230b, and 230c are added up. When the sum P1+P2+P3
is less than the second comparative value B, the solar
cell modules 230a, 230b, and 230c are connected to a
converter having a short operating time from among the
converters 211 a, 211 b, and 211 c, for example, the
convert 211 b. Accordingly, the series switch SWb and
the parallel switches SW1 and SW2 are turned on. If the
sum P1+P2+P3 of the output powers of the solar cell
modules 230a, 230b, and 230c exceeds the second com-
parative value B, the output powers of the solar cell mod-
ules 230a, 230b, and 230c are added up. If the sum
P1+P2 is greater than the second comparative value B
and the sum P2+P3 is less than the second comparative
value B, the solar cell modules 230b and 230c are con-
nected to the converter 211b having a short operating
time from among the converters 211 a, 211 b, and 211
c. Accordingly, the series switch SWb and the parallel
switch SW2 are turned on. The remaining solar cell mod-
ule 230a may be connected to the converter 211a via the
series switch SWa or may wait until power generation is
next measured. When both the sum P1+P2 and the sum
P2+P3 are greater than the second comparative value
B, the solar cell modules 230a, 230b, and 230c are con-
nected to the converters 211a, 211b, and 211c via the
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switches SWa, SWb, and SWc, respectively. When both
the sum P1+P2 and the sum P2+P3 are less than the
second comparative value B, the modules of which the
sum is closer to the second comparative value, that is
the sum P1+P2, are selected, and the selected modules
are connected to the converter 211b having a short op-
erating time from among the converters 211 a and 211b.
Accordingly, the series switch SWb and the parallel
switch SW1 are turned on.
[0053] As described above, according to the one or
more of the above embodiments, a grid-connected en-
ergy storage system includes a plurality of power gener-
ation modules and a plurality of converters, so that the
converters can be operated individually and independ-
ently.
[0054] Also, the grid-connected energy storage sys-
tem includes a plurality of series switches connected be-
tween the power generation modules and the converters
and a plurality of parallel switches connected between
the power generation modules, so that the converters
are selectively operated based on power generated by
the power generation modules, thereby improving the
efficiency of the converter.
[0055] While various inventive aspects have been par-
ticularly shown and described with reference to exem-
plary embodiments, it will be understood by one of ordi-
nary skill in the art that various changes in form and de-
tails may be made therein without departing from the
scope of the present invention.

Claims

1. An energy storage system for connection to a grid
and a plurality of power generation modules, the sys-
tem comprising:

a plurality of converters for converting power
generated by each of the plurality of power gen-
eration modules into DC power at a voltage lev-
el;
a plurality of series switches for connection to
the plurality of power generation modules;
a plurality of parallel switches configured to se-
lectively connect the plurality of power genera-
tion modules to one another; and
a controller configured to control the plurality of
series switches and the plurality of parallel
switches in order to selectively connect each of
the power generation modules to at least one
selected converter, wherein the selected con-
verter is selected from the plurality of converters
based on the power generated by each of the
plurality of the power generation modules.

2. A system according to claim 1, wherein the controller
comprises:

a power generation measuring unit configured
to measure the power generated by each of the
plurality of the power generation modules;
a calculator configured to compare each of the
generated powers with one or more reference
values; and
a switch controller configured to output control
signals to the parallel and series switches in or-
der to connect each of the power generation
modules to the selected converter based on the
comparison.

3. A system according to claim 1 or 2, wherein the se-
lected converter has the shortest operating time of
the plurality of converters.

4. A system according to claim 2 or claim 3 when de-
pendent on claim 2, wherein the switch controller is
configured to selectively turn on the series switches
connected to the power generation modules having
generated power greater than a first reference value.

5. A system according to claim 4, wherein, if the sum
of generated powers of the power generation mod-
ules having generated power less than the first ref-
erence value is less than a second reference value,
the switch controller is configured to turn on series
and parallel switches in order to connect the power
generation modules having the generated power
less than the first reference value with another se-
lected converter.

6. A system according to claim 5, wherein, if the sum
of the generated powers of the power generation
modules having generated power less than the first
reference value is greater than the second reference
value and if the sum of the generated powers of two
power generation modules having the generated
power less than the first reference value is less than
the second reference value, the switch controller is
configured to turn on the corresponding series and
parallel switches in order to connect the two power
generation modules with another selected converter;
and/or
wherein, if the sum of the generated powers of the
power generation modules having generated power
less than the first reference value is greater than the
second reference value and if the sum of the gener-
ated powers of two power generation modules hav-
ing the generated power less than the first reference
value is greater than the second reference value, the
switch controller is configured to turn on the series
switches connected to the two power generation
modules;
optionally wherein the two power generation mod-
ules are adjacent.

7. A system according to any one of claims 1 to 6, fur-
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ther comprising:

a battery; and
one or more converters configured to charge the
battery with power from the grid or with power
from the plurality of power generation modules.

8. A method of controlling a energy storage system for
connection to a plurality of power generation mod-
ules, to a grid, and to a load, the method comprising:

measuring power generated by each of a plu-
rality of power generation modules;
connecting one or more of the power generation
modules to a selected converter by controlling
a plurality of series switches connected to each
of the plurality of power generation modules and
a plurality of parallel switches selectively con-
necting the plurality of power generation mod-
ules to one another, wherein the selected con-
verter is selected from a plurality of converters
based on the generated power of the plurality of
power generation modules; and
converting power from the one or more power
generation modules into DC power at a voltage
level with the selected converter.

9. A method according to claim 8, wherein the selected
converter has the shortest operating time of the plu-
rality of converters.

10. A method according to claim 8 or 9, further compris-
ing:

comparing each of the generated powers with a
reference value; and
outputting control signals to the series and par-
allel switches in order to connect each of the
power generation modules to the selected con-
verter based on the comparison.

11. A method according to claim 10, wherein the control
signals turn on series switches connected to the
power generation modules having generated power
greater than a first reference value.

12. A method according to claim 11, further comprising:

determining whether the sum of the generated
powers of the power generation modules having
generated powers less than the first reference
value is less than a second reference value; and
if the sum of the generated powers is less than
the second reference value, turning on series
and parallel switches in order to connect the
power generation modules having generated
power less than the first reference value to an-
other selected converter.

13. A method according to claim 12, further comprising:

if the sum of the generated powers of the power
generation modules having the generated pow-
er less than the first reference value is greater
than the second reference value, determining
whether the sum of the generated powers of two
of the power generation modules having the
generated powers less than the first reference
value is less than the second reference value;
and/or
if the sum of the two power generation modules
is less than the second reference value, turning
on series and parallel switches in order to con-
nect the two power generation modules to an-
other selected converter;
optionally wherein the two power generation
modules are adjacent.

14. A method according to claim 13, further comprising:

if the sum of the generated powers of the two
power generation modules exceeds the second
reference value, turning on the series switch
connected to the two power generation mod-
ules.

15. A method according to of claims 8 to 14, further com-
prising charging a battery with power from the grid
or with power from the plurality of power generation
modules.
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