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(57) ABSTRACT

Provided is a storage for used battery units capable of
economically storing a plurality of used battery units of
various manufacturers while suppressing the deterioration of
the used battery units during storage. The storage for used
battery units includes: a selection unit that selects a dis-
charge target battery unit and a charge target battery unit
from among the plurality of used battery units on the basis
of the current values and the voltage values of the plurality
of used battery units in storage and the predetermined SOC
range of each of the plurality of used battery units; and a
charge/discharge control unit which causes a discharge
target battery unit to be discharged and charges the dis-
charged power into a charge target battery unit such that the
SOCs of the discharge target battery unit and the charge
target battery unit reach a predetermined SOC range.
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1
USED BATTERY UNIT DEPOSITORY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a U.S. National Stage filing of,
and claims priority to and all advantages of, PCT Patent
Publication Number PCT/JP2021/006636 filed on Feb. 22,
2021 and Japanese Patent Application No. 2020-071274
filed on Apr. 10, 2020, the contents of both of which are
incorporated herein by reference in their entireties.

TECHNICAL FIELD

The present invention relates to a storage for used battery
units.

BACKGROUND ART

Hitherto, a storage for batteries has been proposed (refer
to Patent Literature 1).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-
Open No. 2000-113909

SUMMARY OF INVENTION
Technical Problem

According to the technology of Patent Literature 1, dete-
rioration of a battery in storage can be suppressed by
repeatedly charging and discharging the battery in storage.

The technology of Patent Literature 1 can conceivably be
applied to a storage for storing used battery units in order to
conduct a reuse business of used battery units.

In order to conduct a reuse business of used battery units,
a certain number of used battery units are to be collected and
stored.

Further, it is necessary to store used battery units such that
the used battery units do not deteriorate during storage, and
for this purpose, the SOCs of the used battery units need to
be properly managed.

In order to properly manage the SOCs of used battery
units, it is necessary to charge or discharge the used battery
units so that the SOCs thereof reach a predetermined SOC
range according to the characteristics of each of the used
battery units, but it is not economical to wastefully consume
power at discharging or to incur electricity cost at charging.

However, the technology of Patent Literature 1 does not
give considerations to effectively utilizing the electric power
at discharging or suppressing the electricity cost at charging.

Further, the used battery units are provided with BMU
(Battery Management Unit), CCU (Cell Control Unit), and
the like for each manufacturer as a mechanism for recog-
nizing the SOCs of the battery units, but the interfaces of
these BMU and CCU are usually not open to the public.

The technology of Patent Literature 1 does not take this
factor into account, so that the SOCs of used battery units
cannot be properly recognized and managed, consequently
failing to suppress deterioration during storage.

An object of the present invention is, therefore, to provide
a storage for used battery units that is capable of economi-
cally storing a plurality of used battery units while suppress-
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2

ing the deterioration of the used battery units of various
manufacturers during storage.

Solution to Problem

A storage for used battery units in accordance with the
present invention is

a storage for storing a plurality of used battery units,
including:

a memory unit that stores a predetermined SOC (State of
Charge) range according to characteristics of each of the
plurality of used battery units;

a connection circuit that electrically connects the plurality
of used battery units with each other;

a recognition unit which is connected to the plurality of
used battery units in storage and which recognizes a current
value and a voltage value of each thereof;

a selection unit that selects a discharge target battery unit
to be discharged and a charge target battery unit to be
charged from among the plurality of used battery units on
the basis of a recognition result by the recognition unit and
the predetermined SOC range of each of the plurality of used
battery units stored in the memory unit; and

a charge/discharge control unit which causes the dis-
charge target battery unit to be discharged and causes the
discharged power to be charged into the charge target battery
unit such that the SOCs of the discharge target battery unit
and the charge target battery unit reach the predetermined
SOC range.

According to the storage for used battery units in accor-
dance with the present invention, the current value and the
voltage value of each used battery unit are recognized by the
recognition unit connected to the plurality of used battery
units in storage.

With this arrangement, the current value and the voltage
value of each of the plurality of used battery units can be
recognized even if an interface of the BMU, CCU, or the like
installed beforehand in a used battery unit is not open to the
public.

Consequently, the SOCs of used battery units of various
manufacturers can be recognized and the used battery units
can be charged or discharged such that the SOC of each of
the used battery units becomes within a predetermined SOC
range according to the characteristics of each of the used
battery units, thus making it possible to suppress the dete-
rioration of the used battery units.

Further, the charge/discharge control unit charges the
power discharged from the discharge target battery units into
the charge target battery units.

This is economical because the power used to charge the
used battery units in the storage is covered by the power
from discharging other used battery units.

Thus, according to the storage for used battery units in
accordance with the present invention, a plurality of used
battery units can be economically stored while suppressing
the deterioration of used battery units of various manufac-
turers during storage.

Preferably, the storage for used battery units in accor-
dance with the present invention includes:

a charge unit which is electrically connected to the
connection circuit and charges the plurality of used battery
units,

wherein the selection unit is configured to select the
charge unit as a power source supplying power that covers
insufficient power in the case where the amount of power
discharged from the discharge target battery unit is insuffi-
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cient for the amount of power required to charge the charge
target battery unit to the predetermined SOC range, and

the charge/discharge control unit is configured to cause
the discharge target battery unit to be discharged or the
charge unit to be discharged and to charge the discharged
power into the charge target battery unit such that the SOCs
of the discharge target battery unit and the charge target
battery unit reach the predetermined SOC range.

According to the storage for used battery units in accor-
dance with the present invention, if the amount of power
required to charge a charge target battery unit to a prede-
termined SOC range is insufficient, then power to cover the
insufficiency is supplied from the charge unit.

This increases the reliability that each used battery unit
will be charged or discharged to be within a predetermined
SOC range thereof, and also increases the reliability that the
deterioration of used battery units can be suppressed.

In addition, since only the power covering the insuffi-
ciency needs to be supplied from the charge unit, the amount
of power supplied from a power source other than the used
battery units in the storage is minimized, making it eco-
nomical.

Thus, the storage for used battery units in accordance with
the present invention makes it possible to economically store
a plurality of used battery units while reliably suppressing
the deterioration of used battery units of various manufac-
turers during storage.

Preferably, the storage for used battery units in accor-
dance with the present invention includes:

a power output unit which is electrically connected to the
connection circuit and outputs power supplied from the
plurality of used battery units;

wherein the selection unit is configured such that, in the
case where the amount of power to be discharged from the
discharge target battery unit exceeds the amount of power
required to charge the charge target battery unit to an upper
limit of the predetermined SOC range thereof, the power
output unit is selected as a target to which the excess power
is supplied, and

the charge/discharge control unit is configured to cause
the discharge target battery unit to be discharged, and to
charge the discharged power into the charge target battery
unit or supply the discharged power to the power output unit
such that the discharge target battery unit and the charge
target battery unit reach the predetermined SOC range.

According to the storage for used battery units in accor-
dance with the present invention, if there is an excess of
power required to bring the charge target battery unit within
the predetermined SOC range, the excess power is output
from the power output unit.

This increases the reliability that each used battery unit
will be charged or discharged to be within a predetermined
SOC range thereof, and also increases the reliability that the
deterioration of used battery units can be suppressed.

Further, it is economical since excess power can be output
from the power output unit and used for other purposes, thus
not wasting the excess power.

As described above, the storage for used battery units in
accordance with the present invention makes it possible to
economically store a plurality of used battery units while
reliably suppressing the deterioration of used battery units of
various manufacturers during storage.

Preferably, the storage for used battery units in accor-
dance with the present invention includes:
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a power output unit which is electrically connected to the
connection circuit and which receives power supplied from
the plurality of used battery units and outputs the received
power; and

a power output instruction reception unit which accepts
input of a power output instruction from the power output
unit by a user,

wherein the selection unit is configured such that, in the
case where the input of the output instruction is accepted by
the power output instruction reception unit, the used battery
unit having a highest SOC among the plurality of used
battery units is selected as the discharge target battery unit,
and the power output unit is selected as a target to which
power discharged from the discharge target battery unit is
supplied, and

the charge/discharge control unit is configured to cause
the discharge target battery unit to discharge to be within a
SOC range of the discharge target battery unit, and to supply
the discharged power to the power output unit.

According to the storage for used battery units in accor-
dance with the present invention, the power output instruc-
tion reception unit accepts the input of a power output
instruction from the power output unit in response to an
operation by a user.

Further, when the input of an output instruction is
accepted, the selection unit selects a used battery unit having
a highest SOC as a discharge target battery unit from among
a plurality of used battery units, and selects the power output
unit as a target to which the power discharged from the
discharge target battery unit is supplied.

Consequently, discharge can be performed at any timing
according to an operation by a user. Further, by discharging
a used battery having a higher SOC, that is, having a larger
remaining capacity, it is possible to reduce the frequency of
switching of a discharge target battery due to the used
battery running out of capacity, thus increasing the possi-
bility of a stable supply of power to an external power load
or the like, to which power is to be output from the power
output unit, for an extended period of time. This is eco-
nomical since the power that can be discharged can be
effectively used for necessary applications at any time.

Further, when discharging from a battery, if a large current
is discharged, the load on the battery increases, which is a
factor in accelerating the deterioration of the battery.

A battery with a high SOC has a high voltage and can
reduce current when discharging, so that discharging from a
battery with a high SOC leads to a smaller load on the
battery than discharging from a battery with a low SOC, thus
effectively suppressing battery deterioration.

The storage for used battery units in accordance with the
present invention is adapted to preferentially select a battery
unit with a higher SOC as the battery unit to be discharged,
so that the load on the used battery to be discharged is
minimized, thus effectively suppressing the deterioration of
the battery.

Thus, according to the storage for used battery units in
accordance with the present invention, a plurality of used
battery units of various manufacturers can be economically
stored while effectively suppressing the deterioration of the
used battery units during storage.

In the storage for used battery units in accordance with the
present invention,

the charge/discharge control unit is preferably configured
to supply power, which has been supplied to the power
output unit, as power required for operating the storage for
used battery units.
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According to the storage for used battery units in accor-
dance with the present invention, the power supplied to the
power output unit is supplied by the charge/discharge con-
trol unit as the power required for operating the storage for
used battery units.

This is economical since the power output from the power
output unit can be used as the power required for operating
the storage for used battery units, so that excess power is not
wasted.

Thus, according to the storage for used battery units in
accordance with the present invention, a plurality of used
battery units of various manufacturers can be economically
stored while effectively suppressing the deterioration of the
used battery units during storage.

The storage for used battery units in accordance with the
present invention preferably includes:

a deterioration state acquisition unit that acquires a dete-
rioration state of each of the plurality of used battery units
and stores the acquired deterioration state in chronological
order in the memory unit;

a deterioration tendency acquisition unit that acquires a
deterioration tendency of each of the plurality of used
battery units on the basis of the deterioration state stored in
chronological order; and

a SOC range determination unit that regularly or irregu-
larly determines the predetermined SOC range of each of the
plurality of used battery units according to the deterioration
tendency of each of the plurality of used battery units, and
stores, in the memory unit, the predetermined SOC range
that has been determined.

The SOC range for suppressing deterioration is expected
to be different for each used battery unit.

According to the storage for used battery units in accor-
dance with the present invention, the deterioration state
acquisition unit acquires the deterioration state of each of the
plurality of used battery units and stores the acquired
deterioration state in the memory unit in chronological
order.

Then, the deterioration tendency acquisition unit acquires
the deterioration tendency of each of the plurality of used
battery units on the basis of the deterioration state stored in
chronological order.

Further, the SOC range determination unit regularly or
irregularly determines the predetermined SOC range of each
of the plurality of used battery units according to the
deterioration tendency of each of the plurality of used
battery units, and stores, in the memory unit, the predeter-
mined SOC range that has been determined.

Consequently, the predetermined SOC range of each of
the plurality of used battery units is regularly or irregularly
reviewed by taking into account the deterioration tendency
of each of the plurality of used battery units, thus enhancing
the reliability of suppressing the deterioration of the used
battery units.

As described above, the storage for used battery units in
accordance with the present invention makes it possible to
economically store a plurality of used battery units of
various manufacturers while reliably suppressing the dete-
rioration of the used battery units during storage.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an overall view of
the storage for used battery units in accordance with the
present invention;
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FIG. 2 is a block diagram illustrating an overall view of
a storage control unit in accordance with the present inven-
tion;

FIG. 3 is a diagram illustrating the details of data used for
processing by the storage for used battery units in accor-
dance with the present invention;

FIG. 4 is a diagram illustrating the details of data used for
processing by the storage for used battery units in accor-
dance with the present invention;

FIG. 5 is a flowchart illustrating the details of the pro-
cessing by the storage for used battery units in accordance
with the present invention;

FIG. 6 is a flowchart illustrating the details of the pro-
cessing by the storage for used battery units in accordance
with the present invention;

FIG. 7 is a flowchart illustrating the details of the pro-
cessing by the storage for used battery units in accordance
with the present invention; and

FIG. 8 is a flowchart illustrating the details of the pro-
cessing by the storage for used battery units in accordance
with the present invention.

DESCRIPTION OF EMBODIMENTS

<Configuration of a Storage for Used Battery Units>

Referring first to FIG. 1 to FIG. 4, a description will be
given of the configuration of a storage for used battery units
of the present embodiment. The same components will be
assigned the same reference numerals, and the descriptions
thereof may be omitted.

The storage for used battery units of the present embodi-
ment is a storage which stores a plurality of used battery
units BU (BUa, BUb, BUc . . . ) and is configured by
including a storage main body 10, a charge unit 30, and a
power output unit 50.

The storage main body 10 is configured by including a
memory unit 110, a connection circuit 130, a storage control
unit 150, recognition units 170, and an input unit 190.

The memory unit 110 is constituted of memory devices,
such as a ROM (Read Only Memory), a RAM (Random
Access Memory), and an HDD (Hard Disk Drive).

The memory unit, 110 stores, for example, information on
a predetermined SOC (State of Charge) range based on the
characteristics of each of a plurality of used battery units
BU, and stores information on the deterioration state of each
of the plurality of used battery units BU in chronological
order.

The information on the SOC range includes used battery
unit IDs that identify the used battery units BU and the
information of the lower limit value and the upper limit
value of SOC based on the characteristics of each of the used
battery units BU as illustrated in, for example, FIG. 3.

The information on the SOC range may be stored in the
memory unit 110 by a user inputting the information through
the input unit 190 when, for example, starting to store each
used battery unit BU, or the SOC range determination unit
161, for example, may be configured to determine the SOC
range of a used battery unit BU on the basis of the infor-
mation on the manufacturer, the model number, the charge
capacity, the time of manufacture, the usage history, the
deterioration state, and the like of the used battery unit BU,
and store the determined SOC range in the memory unit 110.

The information on the deterioration state of each of the
plurality of used battery units BU includes information of
the date and time when the deterioration state is acquired,
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the used battery unit IDs, and the values of the SOH (State
of Health) of the used battery units BU as illustrated in, for
example, FIG. 4.

The connection circuit 130 is, for example, a DC bus that
electrically connects a plurality of used battery units BU
with each other.

The storage control unit 150 is constituted of an arithme-
tic processing unit, such as a CPU (Central Processing Unit),
a memory, [/O (Input/Output) devices, and the like.

The storage control unit 150 reads and executes prede-
termined programs thereby to function as, for example, the
selection unit 151, the charge/discharge control unit 153, the
power output instruction reception unit 155, the deteriora-
tion state acquisition unit 157, the deterioration tendency
acquisition unit 159, and the SOC range determination unit
161.

The selection unit 151 selects a discharge target battery
unit DBU to be discharged and a charge target battery unit
CBU to be charged from among a plurality of used battery
units BU on the basis of a recognition result obtained by the
recognition unit 170 and the predetermined SOC range of
each of the plurality of used battery units BU stored in the
memory unit 110.

The charge/discharge control unit 153 causes the dis-
charge target battery unit DBU to be discharged and charges
the discharged power into the charge target battery unit CBU
such that the SOCs of the discharge target battery unit DBU
and the charge target battery unit CBU reach a predeter-
mined SOC range.

The power output instruction reception unit 155 accepts a
power output instruction from the power output unit 50 input
by the user of the storage for used battery units.

The deterioration state acquisition unit 157 acquires the
deterioration state of each of the plurality of used battery
units BU and stores the acquired deterioration state in the
memory unit 110 in chronological order.

The deterioration tendency acquisition unit 159 acquires
the deterioration tendency of each of the plurality of used
battery units BU on the basis of the deterioration state of
each of the plurality of used battery units BU stored in the
memory unit 110 in chronological order.

The SOC range determination unit 161 regularly or
irregularly determines the predetermined SOC range of each
of the plurality of used battery units BU according to the
deterioration tendency of each of the plurality of used
battery units BU and stores the predetermined SOC range,
which has been determined, in the memory unit 110.

The recognition units 170 (170a, 1705, 170¢, . . . ) are
connected to the plurality of used battery units BU in storage
to recognize the current value and the voltage value of each
of the used battery units BU. The recognition units 170 are,
for example, BMUs and CCUs including sensors that rec-
ognize the current value and the voltage value of each of the
used battery units BU. In the case where, for example, each
of the plurality of used battery units BU is provided with
BMU or CCU in advance, the recognition units 170 bypass
the BMU or CCU and recognize the current value and the
voltage value of each of the used battery units BU.

The input unit 190 is, for example, a keyboard or a touch
panel, a mouse or other pointing device, which accepts
inputs by a user.

The charge unit 30 is, for example, a storage battery
electrically connected to the connection circuit 130 to charge
the plurality of used battery units BU, and is an AC adapter
connected to a power source.

The power output unit 50 is, for example, an inverter
which is electrically connected to the connection circuit 130,
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and receives the power supplied from a plurality of used
battery units BU and outputs the power to supply the power
to a load in a facility where the storage for used battery units
is installed, or to the storage for used battery units itself.

Alternatively, the storage main body 10 may be provided
with, for example, a screen that displays images based on the
information (the deterioration state, the deterioration ten-
dency, and the like) of each of the plurality of used battery
units BU stored in the storage for used battery units, or a
speaker that plays audio.

<Outline of Processing>

A description will now be given of the details of process-
ing by the storage for used battery units of the present
embodiment. Referring first to FIG. 5 to FIG. 8, a series of
processing steps performed by the storage for used battery
units will be described.

The storage for used battery units repeatedly performs the
series of processing steps at, for example, a predetermined
frequency. Alternatively, the storage for used battery units
starts the series of processing steps at any timing in response
to a user’s operation.

Upon a start of the series of processing steps, the storage
for used battery units of the present embodiment first
performs a recognition processing step (S10 of FIG. 5).
Thereafter, the storage for used battery units performs a
selection processing step (S30 of FIG. 5), performs charge/
discharge control processing step (S50 of FIG. 5), and
terminates the series of processing steps. The details of these
processing steps will be described below.

<Recognition Processing Step>

When the recognition processing step is started, the
recognition units 170 (170a, 1705, 170¢ and so on) recog-
nize the current values and the voltage values of the used
battery units BU (BUa, BUb, BUc and so on) to which the
recognition units 170 are individually connected (S110 of
FIG. 6). The recognition units 170 may also recognize the
temperatures of the used battery units BU, as necessary.

Thereafter, the deterioration state acquisition unit 157
acquires the deterioration state of each of the plurality of
used battery units BU and stores the acquired deterioration
states in the memory unit 110 in chronological order (S130
of FIG. 6). Various methods can be adopted as a method for
acquiring the deterioration state of each of the plurality of
used battery units BU.

In the present embodiment, the SOH of each of the
plurality of used battery units BU is acquired as the dete-
rioration state on the basis of, for example, the current value,
the voltage value, or further the temperature of each of the
plurality of used battery units BU recognized by the recog-
nition units 170.

Subsequently, the deterioration tendency acquisition unit
159 acquires the deterioration tendency of each of the
plurality of used battery units BU on the basis of the
deterioration state of each of the plurality of used battery
units BU stored in chronological order (S150 of FIG. 6).
Various methods can be adopted as a method for acquiring
the deterioration tendency of each of the plurality of used
battery units BU. For example, the deterioration tendency
acquisition unit 159 acquires the values of deterioration
states of a most recent predetermined number to obtain an
approximation curve, which indicates the chronological
change of the deterioration state by using the values thereby
to acquire the deterioration tendency of each of the plurality
of used battery units BU.

Then, the SOC range determination unit 161 determines the
predetermined SOC range of each of the plurality of used
battery units BU according to the deterioration tendency of
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each of the plurality of used battery units BU and stores the
predetermined SOC range, which has been determined, in
the memory unit 110 (S170 of FIG. 6). The SOC range
determination unit 161 may perform the determination each
time the recognition processing step is performed, perform
once in a plurality of times, for each predetermined period,
or at any timing at any time.

As described above, the SOC range determination unit
161 regularly or irregularly determines the predetermined
SOC range of each of the plurality of used battery units BU.
This series of processing steps is performed and the recog-
nition processing step is terminated.

<Selection Processing Step>

When the selection processing step is started, the selec-
tion unit 151 selects a discharge target battery unit DBU to
be discharged (S310 of FIG. 7) and selects the charge target
battery unit CBU to be charged (S330 of FIG. 7) from
among a plurality of used battery units BU on the basis of
the recognition results obtained by the recognition units 170
and the predetermined SOC range of each of the plurality of
used battery units BU stored in the memory unit 110, and
then terminates the processing step.

The selection unit 151, for example, identifies used bat-
tery units BU having current SOC values that are larger than
the lower limit value of the SOC of the used battery unit BU
among the plurality of used battery units BU.

Then, the selection unit 151 selects, as the discharge target
battery unit DBU, a used battery unit BU having a largest
value obtained by subtracting the value of a charge amount
corresponding to the lower limit value of the SOC of the
used battery unit BU from the value of the current charge
amount of each of the identified used battery units BU. At
this time, the selection unit 151 preferentially selects, as the
discharge target battery unit DBU, a used battery unit BU
having a current SOC value that is larger than the upper limit
value of the SOC of the used battery unit BU among the used
battery units BU.

Further, the selection unit 151 selects, for example, a used
battery unit BU having a smallest current SOC value as the
charge target battery unit CBU. At this time, the selection
unit 151 preferentially selects, as the charge target battery
unit CBU, a used battery unit BU having a current SOC
value that is smaller than the lower limit value of the SOC
of'the used battery unit BU among the used battery units BU.

<Charge/Discharge Control Processing Step>

When the charge/discharge control processing step is
started, the charge/discharge control unit 153 causes the
discharge target battery unit DBU to be discharged and
charges the discharged power into the charge target battery
unit CBU such that the SOCs of the discharge target battery
unit DBU and the charge target battery unit CBU reach the
predetermined SOC range.

More specifically, for example, the charge/discharge con-
trol unit 153 starts the discharge from the discharge target
battery unit DBU (S510 of FIG. 8) and also starts charging
the charge target battery unit CBU with the discharged
power (S530 of FIG. 8).

Thereafter, the charge/discharge control unit 153 stops the
discharge from the discharge target battery unit DBU (S590
of FIG. 8) when the SOC of the discharge target battery unit
DBU reaches or comes close by a predetermined degree to
the lower limit value of a predetermined SOC range (Yes in
S550 of FIG. 8). Then, for example, the charge/discharge
control unit 153 stops charging the charge target battery unit
CBU (5590 of FIG. 8) when the SOC of the charge target
battery unit CBU reaches or comes close by a predetermined
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degree to the upper limit value of the predetermined SOC
range (Yes in S570 of FIG. 8).

Meanwhile, if the SOC of the discharge target battery unit
DBU has not reached or has not become close by the
predetermined degree to the lower limit value of the prede-
termined SOC range (No in S550 of FIG. 8) and if the SOC
of the charge target battery unit CBU has not reached or has
not become close by the predetermined degree to the upper
limit value of the predetermined SOC range (No in S570 of
FIG. 8), then the charge/discharge control unit 153 continues
the discharge from the discharge target battery unit DBU and
charging the charge target battery unit CBU with the dis-
charged power. This series of processing steps is performed,
and the charge/discharge control processing step is termi-
nated.

As described above, according to the storage for used
battery units of the present embodiment, it is possible to
provide a storage for used battery units that is capable of
economically storing a plurality of used battery units of
various manufacturers while suppressing the deterioration of
the used battery units during storage.

<Other Embodiments>

The above has described an embodiment of the present
invention; however, the present invention is not limited
thereto. Various modifications can be made without depart-
ing from the spirit of the present invention. Further, as
necessary, some functions or processing steps may be omit-
ted, or the order of the processing steps may be changed.

For example, the selection unit 151 may be configured
such that, if the amount of power discharged from the
discharge target battery unit DBU is insufficient for the
amount of power required to charge the charge target battery
unit CBU to the predetermined SOC range, then the charge
unit 30 is selected as the power source that supplies power
to cover the insufficient power.

In this case, the charge/discharge control unit 153 is
configured to cause the discharge target battery unit DBU to
be discharged or discharge the charge unit 30 to be dis-
charged, and charge the charge target battery unit CBU with
the discharged power such that the SOCs of the discharge
target battery unit DBU and the charge target battery unit
CBU reach the predetermined SOC range.

The following will describe a case where, for example,
the amount of power required to charge the charge target
battery unit CBU to the predetermined SOC range is 10
kWh, and the amount of power that can be discharged from
a used battery unit BU selected first as the discharge target
battery unit DBU (e.g., when discharged to the lower limit
value of the predetermined SOC of the used battery unit BU)
is 4 kWh.

In this case, the selection unit 151 selects one or more
used battery units BU that can discharge power as a second,
athird and so on discharge target battery units DBU, because
the amount of power is insufficient by 6 kWh to charge the
charge target battery unit CBU to be within the predeter-
mined SOC.

If the amount of power is still insufficient to meet the
required amount of power for charging the charge target
battery unit CBU to the lower limit value of the predeter-
mined SOC, then the selection unit 151 selects the charge
unit 30 as the power source that supplies power to cover the
insufficiency.

Further, the charge/discharge control unit 153 causes the
used battery unit BU selected first as the discharge target
battery unit DBU, the second discharge target battery unit
DBU, the third discharge target battery unit DBU and so on
to be discharged in order and then causes the charge unit 30



US 11,977,128 B2

11

to be discharged, and charges the discharged power into the
charge target battery unit CBU. Subsequently, when the
SOC of the charge target battery unit CBU reaches the
predetermined SOC range, the charge/discharge control unit
153 terminates the discharge from the charge unit 30 and the
charging of the charge target battery unit CBU.

Alternatively, for example, the selection unit 151 may be
configured to select the power output unit 50 as the target to
which the excess power is to be supplied if the amount of
power discharged from the discharge target battery unit
DBU exceeds the amount of power required to charge the
charge target battery unit CBU to the upper limit of the
predetermined SOC range.

In this case, the charge/discharge control unit 153 is
configured to cause the discharge target battery unit DBU to
be discharged such that the SOCs of the discharge target
battery unit DBU and the charge target battery unit CBU
become the predetermined SOC range, and charge the
discharged power into the charge target battery unit CBU or
supply the discharged power to the power output unit 50.

The following will describe a case where, for example,
the amount of power required to charge the charge target
battery unit CBU to the upper limit value of the predeter-
mined SOC range is 7 kWh, and the amount of power
discharged from a used battery unit BU selected first as the
discharge target battery unit DBU to the upper limit value of
the predetermined SOC of the used battery unit BU is 10
kWh.

In this case, there will be a 3 kWh excess amount of power
even after charging the charge target battery unit CBU to the
upper limit value of the predetermined SOC, so that the
selection unit 151 selects, as a second, a third and so on
charge target battery units CBU, one or more used battery
units BU which can be charged with power, that is, which
still have allowances before reaching the upper limit value
of the predetermined SOC of the used battery units BU.

If there is still an excess amount of power for discharging
the discharge target battery unit DBU to the upper limit
value of the predetermined SOC even after the used battery
units BU selected as the second, the third and so on charge
target battery units CBU are charged to the upper limit value
of the predetermined SOC as described above, the selection
unit 151 selects the power output unit 50 as the target to
which the excess power is supplied.

Further, the charge/discharge control unit 153 charges the
used battery unit BU selected first as the charge target
battery unit CBU, the second charge target battery unit CBU,
the third charge target battery unit CBU and so on in order
from the discharge target battery unit DBU, and then sup-
plies the power to the power output unit 50. Subsequently,
when the SOC of the discharge target battery unit DBU
reaches the predetermined SOC range, the charge/discharge
control unit 153 terminates the discharge from the discharge
target battery unit DBU and the supply of power to the
power output unit 50.

In this case, the charge/discharge control unit 153 may be
configured to supply the power supplied to the power output
unit 50 as the power required for operating the storage for
used battery units.

Alternatively, for example, the selection unit 151 may be
configured to select, as the discharge target battery unit
DBU, a used battery unit BU having a highest SOC among
the plurality of used battery units BU and to select the power
output unit 50 as the target to which the power discharged
from the discharge target battery unit DBU is supplied when
the input of a power output instruction from the power
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output unit 50 by the user is accepted by the power output
instruction reception unit 155.

In this case, the charge/discharge control unit 153 is
configured to cause the discharge target battery unit DBU to
be discharged such that the discharge target battery unit
DBU reaches the SOC range thereof and to supply the
discharged power to the power output unit 50.

Although the above has described the embodiment in
which the memory unit 110, the storage control unit 150, and
the input unit 190 are configured integrally with the storage
main body 10, the present invention is not limited thereto.
All or some of the memory unit 110, the storage control unit
150, and the input unit 190 may be configured of a device,
such as a computer, separate from the storage main body 10.

More specifically, for example, the memory unit 110 may
be provided in a computer communicably connected with
the storage main body 10 through a communication net-
work, such as a LAN (Local Area Network), a WAN (Wide
Area Network), or the Internet communication network.

DESCRIPTION OF REFERENCE NUMERALS

10 ... storage main body; 30 . . . charge unit; 50 . . . power
output unit; 110 . . . memory unit; 130 . . . connection circuit;
150 . . . storage control unit; 151 . . . selection unit;
153 .. . charge/discharge control unit; 155 . . . power output
instruction reception unit; 157 . . . deterioration state acqui-
sition unit; 159 . . . deterioration tendency acquisition unit;
161 . . . SOC range determination unit; 170 . . . recognition
unit; 190 . . . input unit; and BU . . . used battery unit.

The invention claimed is:

1. A storage for storing a plurality of used battery units,

the storage comprising:

a memory unit that stores a predetermined SOC (State of
Charge) range according to characteristics of each of
the plurality of used battery units;

a connection circuit that electrically connects the plurality
of used battery units with each other;

a recognition unit which is connected to the plurality of
used battery units in storage and which recognizes a
current value and a voltage value of each of the
plurality of used battery units;

a selection unit that selects a discharge target battery unit
to be discharged and a charge target battery unit to be
charged from among the plurality of used battery units
based on a recognition result by the recognition unit
and the predetermined SOC range of each of the
plurality of used battery units stored in the memory
unit;

a charge/discharge control unit which causes the dis-
charge target battery unit to be discharged and the
discharged power to be charged into the charge target
battery unit such that the SOCs of the discharge target
battery unit and the charge target battery unit reach the
predetermined SOC range; and

a power output unit which is electrically connected to the
connection circuit and outputs power supplied from the
plurality of used battery units,

wherein:

the selection unit is configured such that, in a case where
an amount of power to be discharged from the dis-
charge target battery unit exceeds an amount of power
required to charge the charge target battery unit to an
upper limit of the predetermined SOC range thereof,
the power output unit is selected as a target to which the
excess power is supplied, and
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the charge/discharge control unit is configured to cause
the discharge target battery unit to be discharged and to
charge the discharged power into the charge target
battery unit or supply the discharged power to the
power output unit such that the SOCs of the discharge
target battery unit and the charge target battery unit
reach the predetermined SOC range.

2. The storage according to claim 1, further including:

a power output instruction reception unit which accepts
input of a power output instruction from the power
output unit by a user,

wherein:

the selection unit is configured such that, in a case where
the input of the output instruction is accepted by the
power output instruction reception unit, the used bat-
tery unit having a highest SOC among the plurality of
used battery units is selected as the discharge target
battery unit, and the power output unit is selected as a
target to which power discharged from the discharge
target battery unit is supplied, and

the charge/discharge control unit is configured to cause
the discharge target battery unit to discharge to be
within a SOC range of the discharge target battery unit,
and to supply the discharged power to the power output
unit.

3. The storage according to claim 1, wherein the charge/

discharge control unit is configured to supply power sup-

plied to the power output unit as power required for oper-
ating the storage.

4. The storage according to claim 1, further including:

a deterioration state acquisition unit that acquires a dete-
rioration state of each of the plurality of used battery
units and stores the acquired deterioration state in
chronological order in the memory unit;

a deterioration tendency acquisition unit that acquires a
deterioration tendency of each of the plurality of used
battery units based on the deterioration state stored in
chronological order; and

a SOC range determination unit that regularly or irregu-
larly determines the predetermined SOC range of each
of the plurality of used battery units according to the
deterioration tendency of each of the plurality of used
battery units, and stores, in the memory unit, the
predetermined SOC range that has been determined.
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5. A storage for storing a plurality of used battery units,

the storage comprising:

a memory unit that stores a predetermined SOC (State of
Charge) range according to characteristics of each of
the plurality of used battery units;

a connection circuit that electrically connects the plurality
of used battery units with each other;

a recognition unit which is connected to the plurality of
used battery units in storage and which recognizes a
current value and a voltage value of each of the
plurality of used battery units;

a selection unit that selects a discharge target battery unit
to be discharged and a charge target battery unit to be
charged from among the plurality of used battery units
based on a recognition result by the recognition unit
and the predetermined SOC range of each of the
plurality of used battery units stored in the memory
unit;

a charge/discharge control unit which causes the dis-
charge target battery unit to be discharged and the
discharged power to be charged into the charge target
battery unit such that the SOCs of the discharge target
battery unit and the charge target battery unit reach the
predetermined SOC range; and

a charge unit which is electrically connected to the
connection circuit and charges the plurality of used
battery units,

wherein:

the selection unit is configured to select the charge unit as
apower source supplying power that covers insufficient
power in a case where an amount of power discharged
from the discharge target battery unit is insufficient for
an amount of power required to charge the charge target
battery unit to the predetermined SOC range, and

the charge/discharge control unit is configured to cause
the discharge target battery unit to be discharged or the
charge unit to be discharged, and to charge the dis-
charged power into the charge target battery unit such
that the SOCs of the discharge target battery unit and
the charge target battery unit reach the predetermined
SOC range.



