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Provided is a used battery unit depository enabling economical storage of a plurality of used battery units, while also curbing
degradation during storage of used battery units of a variety of different manufacturers. This used battery unit depository is
provided with: a selection unit for selecting a battery unit to be discharged and a battery unit to be charged from a plurality of used
battery units being stored, on the basis of current values and voltage values of the plurality of used battery units as well as
predetermined SOC ranges of the respective used battery units; and a charge/discharge control unit for discharging the battery unit
to be discharged and for charging the battery unit to be charged, with the discharged power, so that the SOC of the battery unit to
be discharged and of the battery unit to be charged fall within the predetermined SOC range.
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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 discharge 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 discharged 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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DESCRIPTION

Title of the Invention
USED BATTERY UNIT DEPOSITORY
Technical Field

[0001] 'The present invention relates to a storage for used battery units.

Background Art

[0002] Hitherto, a storage for batteries has been proposed (refer to Patent Literature 1).

Citation List
Patent Literature

[0003] Patent Literature 1: Japanese Patent Application Laid-Open No. 2000-113909

Summary of Invention

Technical Problem

[0004] According to the technology of Patent Literature 1, deterioration of a battery in
storage can be suppressed by repeatedly charging and discharging the battery in storage.
[0005] 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.

[0006] In order to conduct a reuse business of used battery units, a certain number of
used battery units are to be collected and stored.

[0007] 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.

[0008] 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.
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[0009] 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.

[0010]  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
recognizing the SOCs of the battery units, but the interfaces of these BMU and CCU are
usually not open to the public.

[0011] 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.

[0012] An object of the present invention is, therefore, to provide a storage for used
battery units that is capable of economically storing a plurality of used battery units while
suppressing the deterioration of the used battery units of various manufacturers during

storage.

Solution to Problem
[0013] 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 discharge target battery unit to

be discharged and causes the discharged power to be charged into the charge target battery
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unit such that the SOCs of the discharge target battery unit and the charge target battery
unit reach the predetermined SOC range.
[0014]  According to the storage for used battery units in accordance 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.
[0015] 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.
[0016] 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
deterioration of the used battery units.
[0017]  Further, the charge/discharge control unit charges the power discharged from the
discharge target battery units into the charge target battery units.
[0018] '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.
[0019] '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 manufacturers during storage.
[0020] Preferably, the storage for used battery units in accordance 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 insufficient 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
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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.
[0021] According to the storage for used battery units in accordance with the present
invention, if the amount of power required to charge a charge target battery unit to a
predetermined SOC range is insufficient, then power to cover the insufficiency is supplied
from the charge unit.
[0022] '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.
[0023] In addition, since only the power covering the insufficiency 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 economical.
[0024] '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 manufacturers during storage.
[0025] Preferably, the storage for used battery units in accordance 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.
[0026] According to the storage for used battery units in accordance with the present

invention, if there is an excess of power required to bring the charge target battery unit
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within the predetermined SOC range, the excess power is output from the power output
unit.

[0027] '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.

[0028] Farther, 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.

[0029] 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.

[0030] Preferably, the storage for used battery units in accordance with the present
invention includes:

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.

[0031] According to the storage for used battery units in accordance with the present
invention, the power output instruction reception unit accepts the input of a power output
instruction from the power output unit in response to an operation by a user.

[0032] Further, when the input of an output instruction is accepted, the selection unit
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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.
[0033] 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
possibility 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
economical since the power that can be discharged can be effectively used for necessary
applications at any time.
[0034] 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.
[0035] 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.
[0036] 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.
[0037] 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.
[0038] 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.

[0039] According to the storage for used battery units in accordance with the present
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invention, the power supplied to the power output unit is supplied by the charge/discharge
control unit as the power required for operating the storage for used battery units.

[0040] 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.

[0041] 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.

[0042] The storage for used battery units in accordance with the present invention
preferably includes:

a deterioration state acquisition unit that acquires a deterioration 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 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 predetermined SOC range that has been determined.

[0043] The SOC range for suppressing deterioration is expected to be different for each
used battery unit.

[0044] According to the storage for used battery units in accordance 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.

[0045] 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.
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[0046] 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 predetermined SOC range that has been determined.

[0047] 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.

[0048] 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 deterioration of the used battery

units during storage.

Brief Description of Drawings
[0049] FIG. 1 is a block diagram illustrating an overall view of the storage for used
battery units in accordance with the present invention;

FIG. 2 is a block diagram illustrating an overall view of a storage control unit in
accordance with the present invention;

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

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

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

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

FIG. 8 is a flowchart illustrating the details of the processing by the storage for

used battery units in accordance with the present invention.

Date regue/date received 2021-10-26



10

15

20

25

30

CA 03138169 2021-10-26

-9._

Description of Embodiments
[0050] <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.
[0051] 'The storage for used battery units of the present embodiment 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.
[0052] '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.
[0053] 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).
[0054] '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.
[0055] '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.
[0056] 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 information 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.

[0057] The information on the deterioration state of each of the plurality of used battery
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units BU includes information of the date and time when the deterioration state is
acquired, 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.

[0058] The connection circuit 130 is, for example, a DC bus that electrically connects a
plurality of used battery units BU with each other.

[0059] The storage control unit 150 is constituted of an arithmetic processing unit, such
as a CPU (Central Processing Unit), a memory, /O (Input/Output) devices, and the like.
[0060] The storage control unit 150 reads and executes predetermined 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 deterioration state acquisition unit
157, the deterioration tendency acquisition unit 159, and the SOC range determination
unit 161.

[0061] 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.

[0062] 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 a predetermined SOC range.

[0063] 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.

[0064] 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.

[0065] 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
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chronological order.
[0066] 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.
[0067] The recognition units 170 (170a, 170b, 170c, ...) 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, BMUSs
and CCUs including sensors that recognize 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.
[0068] 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.
[0069] 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.
[0070] The power output unit 50 is, for example, an inverter which is electrically
connected to the connection circuit 130, 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.
[0071] 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 tendency, 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.
[0072] <Outline of processing>

A description will now be given of the details of processing by the storage for

used battery units of the present embodiment. Referring first to FIG. 5 to FIG. §, a
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series of processing steps performed by the storage for used battery units will be
described.
[0073] 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.
[0074] 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.
[0075] <Recognition processing step>

When the recognition processing step is started, the recognition units 170 (170a,
170b, 170c and so on) recognize 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.
[0076] 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.
[0077] In the present embodiment, the SOH of each of the plurality of used battery units
BU is acquired as the deterioration 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 recognition units 170.
[0078] 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

Date regue/date received 2021-10-26



10

15

20

25

30

CA 03138169 2021-10-26

- 13-

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.
[0079] 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 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.
[0080] 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 recognition
processing step is terminated.
[0081] <Selection processing step>

When the selection processing step is started, the selection 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 (5330 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.
[0082] The selection unit 151, for example, identifies used battery 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.
[0083] 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
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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.
[0084] 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.
[0085] <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.
[0086] More specifically, for example, the charge/discharge control 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).
[0087] 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 (S590
of FIG. 8) when the SOC of the charge target battery unit CBU reaches or comes close by
a predetermined degree to the upper limit value of the predetermined SOC range (Yes in
S570 of FIG. 8).
[0088] 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

predetermined SOC range (No in S550 of FIG. 8) and if the SOC of the charge target
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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 discharged
power. This series of processing steps is performed, and the charge/discharge control
processing step is terminated.
[0089] 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.
[0090] <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
departing from the spirit of the present invention. Further, as necessary, some functions
or processing steps may be omitted, or the order of the processing steps may be changed.
[0091] 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.
[0092] 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
discharged, 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.
[0093] 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.

Date regue/date received 2021-10-26



10

15

20

25

30

CA 03138169 2021-10-26

- 16 -

[0094] In this case, the selection unit 151 selects one or more used battery units BU that
can discharge power as a second, a third 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 predetermined SOC.

[0095] 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
predetermined SOC, then the selection unit 151 selects the charge unit 30 as the power
source that supplies power to cover the insufficiency.

[0096] 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 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.

[0097] 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.

[0098] 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.

[0099] 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
predetermined 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
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value of the predetermined SOC of the used battery unit BU is 10 kWh.

[0100] 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.

[0101] 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.

[0102] Farther, 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 supplies 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.

[0103] 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.

[0104] 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 output unit 50 by

the user is accepted by the power output instruction reception unit 155.
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[0105] 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.

[0106] 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.

[0107] 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 network, such as a LAN (Local Area Network), a WAN (Wide Area

Network), or the Internet communication network.

Description of Reference Numerals

[0108] 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 acquisition unit; 159...deterioration tendency acquisition unit;
161...S0OC range determination unit; 170...recognition unit; 190...input unit; and

BU...used battery unit.
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CLAIMS

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

2. The storage for used battery units according to claim 1, including:

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 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
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.
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3. The storage for used battery units according to claim 1 or 2, including;:

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 discharge 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

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,

4, The storage for used battery units according to claim 1 or 2, including;:

a power output unit which is electrically connected to the connection circuit and
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 a 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.

5. The storage for used battery units according to claim 3 or 4,
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wherein the charge/discharge control unit is configured to supply power
supplied to the power output unit as power required for operating the storage for used

battery units.

6. The storage for used battery units according to any one of claims 1 to 5,
including:

a deterioration state acquisition unit that acquires a deterioration 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 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 predetermined SOC range that has been determined.
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FIG.2

150
STORAGE CONTROL UNIT

SELECTION UNIT 191
CHARGE/DISCHARGE CONTROLUNIT |
POWER OUTPUT INSTRUCTION RECEPTION UNIT]
DETERIORATION STATE ACQUISTION UNIT_ |~/
DETERIORATION TENDENCY ACQUISITION UNIT} '
SOC RANGE DETERMINATION UNT__ |
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FIG.3

USED BATTERY UNITID SOC LOWER LIMIT VALUE | SOC UPPER LIMIT VALUE

BUa 50% 60%

BUb 55% 65%

BUc 50% 70%

FIG.4
ACQUISITION DATE & TIME USED BATTERY UNITID DETERIORATION STATE (SOH)
2020/3/28 O : O : O |BUa 90%
2020/3/28 O : O : O |BUb 89%
2020/3/28 O : O : O |BUc 87%
2020/3/29 O : O : O |BUa 90%
2020/3/29 O : O : O |BUb 88%
O:0

2020/3/29 O : BUc 87%
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FIG.5

( START )
l $10

RECOGNITION PROCESSING STEP

l $30

SELECTION PROCESSING STEP

l $50

CHARGE/DISCHARGE CONTROL PROCESSING STEP

END
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FIG.6

( START )
l $110

RECOGNIZE CURRENT VALUE AND VOLTAGE VALUE OF USED BATTERY UNIT

l $130

ACQUIRE DETERIORATION STATE OF USED BATTERY UNIT AND STORE AQUIRED RESULT IN MEMORY UNIT

l $150

ACQUIRE DETERIORATION TENDENCY OF USED BATTERY UNIT

l $170

DETERMINE SOC RANGE OF USED BATTERY UNIT ACCORDING TO DETERIORATION
TENDENCY AND STORE DETERMINED SOC RANGE IN MEMORY UNIT

END
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FIG.7
(_ START )

l $310

SELECT DISCHARGE TARGET BATTERY UNIT FROM AMONG USED BATTERY UNITS

l $330

SELECT CHARGE TARGET BATTERY UNIT FROM AMONG USED BATTERY UNITS

END
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FIG.8

( START )
l‘ $510

DISCHARGE FROM DISCHARGE TARGET BATTERY UNIT

l $530
CHARGE DISCHARGED POWER INTO CHARGE TARGET BATTERY UNIT
S550
YES HAS SOC OF DISCHARGE TARGET BATTERY UNIT >
REACHED LOWER LIMIT OF PREDETERMINED SOC RANGE?
lNO
S570
< HAS SOC OF CHARGE TARGET BATTERY UNIT NO
REACHED UPPER LIMIT OF PREDETERMINED SOC RANGE? >
| YES
Y $590

TERMINATE CHARGE AND DISCHARGE

END
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HAEMORY UNIT

1708 Bla
FIRST RECOGNITION UNIT FIRST USED BATTERY UNIT
170 BUb

|

SECOND RECOGRITION UNIT SECOND USED BATTERY UNIT

BUe

THIRD RECOGNITION UNIT THIRD USED BATTERY UNIT

BUd

FOURTH RECOGHITION UNIT FOURTH USED BATTERY URIT
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