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PROGRAM
CROSS-REFERENCE TO RELATED APPLICATIONS

This application is based upon and claims the benefit of priority from Japanese Patent
Application No.2020-120022, filed July 13, 2020; the entire contents of which are in-
corporated herein by reference.

Field

Embodiments relate to a management method, a management device, a management
system and a management program.
Background

In recent years, a storage battery has been mounted in battery-mounted devices such
as a smartphone, a vehicle, a stationary power source device, a robot and a drone. In
such a storage battery, a large number of batteries, such as lithium ion batteries, are
provided, and the large number of batteries are electrically connected. In addition, a
management system which manages the storage battery has been developed.

If the storage battery as described above is used for a long time, the deterioration
degree of battery characteristics varies among the batteries because, for example, the
positions of disposition of the batteries are different. In addition, in the storage battery,
if a management system or the like determines that the life of one battery ended, the
use of the storage battery is terminated even if the other batteries are usable. Thus, it is
required to properly replace a target battery, which is a target of replacement, before
the variance of the deterioration degree of battery characteristics increases among the
batteries. Further, it is required to suppress the variance of battery characteristics
among the batteries to a low level for a long time by the replacement of the target

battery, and to increase the life of the storage battery.
Citation List
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PTL 1: International Publication No.2012/117498

PTL 2: International Publication No.2011/125213
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Brief Description of Drawings

[fig. 1]FIG.1 is a schematic view illustrating an example of a management system

according to an embodiment.
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[fig.2]FIG.2 is a schematic view for explaining internal state parameters indicative of
the internal state in each of batteries.

[fig.3]F1G.3 is a schematic view illustrating an example of variations with time, from
the start of use of a storage battery, of battery capacitances estimated in regard to three
batteries of the storage battery.

[fig.4]F1G.4 is a schematic view illustrating variations with time, from the start of use
of the storage battery, of positive electrode capacitances estimated in regard to the
three batteries shown in the example of FIG.3.

[fig.5]FIG.S5 is a schematic view illustrating an example of deterioration rate data
which a deterioration rate data generation unit of a management device according to
the embodiment generates.

[fig.6]F1G.6 is a schematic view for explaining an example of the estimation of life end
time points of a plurality of batteries in a case where the deterioration rate data of the
example of FIG.5 was generated.

[fig.7]F1G.7 is a schematic view illustrating an example of effect data in a case where
replacement data was generated based on the deterioration rate data of the example of
FIG.S.

[fig.8]FIG.8 is a flowchart illustrating a process which is executed by the management
device according to the embodiment.

DETAILED DESCRIPTION

In one embodiment, a management method of a storage battery including a plurality
of batteries is provided. In the management method, replacement data is generated
based on at least an estimation result of an internal state of each of the batteries, and
deterioration rate data indicative of a deterioration rate of battery characteristics in
each of the batteries, the deterioration rate data being based on the estimation result of
the internal state. The replacement data includes information indicative of a target
battery which is a target of replacement among the batteries, information relating to a
battery with which the target battery is replaced, and information relating to a time of
replacement of the target battery.

Hereinafter, embodiments will be described with reference to the accompanying
drawings.

FIG.1 is a schematic view illustrating an example of a management system according
to an embodiment. As illustrated in FIG.1, a management system 1 includes a storage
battery 2 and a management device 3. The storage battery 2 is mounted, for example,
in a battery-mounted device. Examples of the battery-mounted device include a large-
sized storage battery for an electric power system, a smartphone, a vehicle, a stationary
power source device, a robot, a drone, and the like. Examples of the vehicle, which is

the battery-mounted device, include a railway vehicle, an electric bus, an electric au-
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tomobile, a plug-in hybrid automobile, an electric bicycle, and the like.

In the example of FIG.1, the storage battery 2 includes a plurality of battery strings 5.
In the storage battery 2, the battery strings 5 are electrically connected in parallel. Each
of the battery strings 5 includes a plurality of batteries 6, and the batteries 6 are elec-
trically connected in series in each of the battery strings 5. In the storage battery 2,
each of the batteries 6 is chargeable and dischargeable. In each battery string 5, each
battery 6 is charged by being supplied with electric power from a power source. In
addition, in each battery string 5, electric power discharged from each battery 6 is
supplied to a load. Note that in the storage battery 2, batteries of an identical kind to
each other are used as the batteries 6. Thus, when the use of the storage battery 2 is
started, the batteries 6 have identical or substantially identical internal states and
battery characteristics to each other. The internal states and battery characteristics of
the batteries 6 will be described later.

Each of the batteries 6 may be formed of a unit cell (unit battery), or may be a battery
module or a cell block, which is formed by a plurality of unit cells being electrically
connected. Here, the unit cell is, for example, a cell of a lithium ion secondary battery.
When each of the batteries 6 is formed of a plurality of unit cells, the unit cells may be
electrically connected in series in each battery 6, or the unit cells may be electrically
connected in parallel in each battery 6. Besides, in each battery 6, both of a series-
connected structure in which a plurality of unit cell are connected in series, and a
parallel-connected structure in which plurality of unit cell are connected in parallel,
may be formed.

In the management system 1, a measuring circuit 7 and a charge-and-discharge
controller 8 are provided. The measuring circuit 7 and charge-and-discharge controller
8 are mounted, for example, in a battery-mounted device. The measuring circuit 7
detects and measures parameters relating to the storage battery 2 in the charge or
discharge of the storage battery 2. In the measuring circuits 7, the parameters are
detected and measured periodically at a predetermined timing. Specifically, the
measuring circuit 7 measures the parameters relating to the storage battery 2 at each of
a plurality of measuring time points. Thus, the measuring circuit 7 measures multiple
times the parameters relating to the storage battery 2 in the charge or discharge of the
storage battery 2. Note that a time point at which the measuring circuit 7 executes the
measurement in the charge or discharge of the storage battery 2 is defined as
"measuring time point". The parameters relating to the storage battery 2 include an
electric current flowing in each of the batteries 6, a voltage of each of the batteries 6,
and a temperature of each of the batteries 6. Thus, the measuring circuit 7 includes an
amperemeter which measures the current, a voltmeter which measures the voltage, and

a temperature sensor which measures the temperature. Here, in the example of FIG.1,
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mutually identical electric currents flow in the batteries 6 which constitute an identical
battery string 5. Thus, in the example of FIG.1, the current may be detected in regard
to each of the battery strings 5.

The charge-and-discharge controller 8 constitutes a processing device (computer)
which controls the charge and discharge of the storage battery 2, i.e. the charge and
discharge of the batteries 6, and includes a processor and a storage medium
(non-transitory storage medium). The processor includes any one of a CPU (Central
Processing Unit), a GPU (Graphics Processing Unit), an ASIC (Application Specific
Integrated Circuit), a microcomputer, an FPGA (Field Programmable Gate Array), and
a DSP (Digital Signal Processor), and the like. The storage medium may include an
auxiliary storage device, in addition to a main storage device such as a memory.
Examples of the storage medium include a magnetic disk, an optical disc (e.g. CD-
ROM, CD-R, DVD), a magneto-optical disc (e.g. MO), and a semiconductor memory.
In the charge-and-discharge controller 8, each of the number of processors and the
number of storage media may be one or plural. In the charge-and-discharge controller
8, the processor executes a process by executing a program or the like stored in the
storage medium or the like. In addition, in the charge-and-discharge controller 8, the
program that is executed by the processor may be stored in a computer (server)
connected via a network such as the Internet, or may be stored in a server or the like in
a cloud environment. In this case, the processor downloads the program via the
network.

The management device 3 may be provided in the battery-mounted device in which
the storage battery 2 is mounted, or may be provided outside the battery-mounted
device. The management device 3 manages the entirety of the management system 1
including the storage battery 2, and includes a measurement data acquisition unit 11,
an internal state estimation unit 12, a deterioration rate data generation unit 13, a re-
placement data generation unit 14, an effect data generation unit 15, and a data storage
unit 16. In one example, the management device 3 is a server which can communicate
with the charge-and-discharge controller 8 via a network. In this case, like the charge-
and-discharge controller 8, the management device 3 includes a processor and a
storage medium (non-transitory storage medium). In addition, the measurement data
acquisition unit 11, internal state estimation unit 12, deterioration rate data generation
unit 13, replacement data generation unit 14 and effect data generation unit 15 execute
a part of processes which are executed by the processor or the like of the management
device 3, and the storage medium of the management device 3 functions as the data
storage unit 16. In another example, the management device 3 is a cloud server con-
stituted in a cloud environment. The infrastructure of the cloud environment is con-

stituted by a virtual processor, such as a virtual CPU, and a cloud memory. Thus, when
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the management device 3 is the cloud server, the measurement data acquisition unit 11,
internal state estimation unit 12, deterioration rate data generation unit 13, replacement
data generation unit 14 and effect data generation unit 15 execute a part of processes
which are executed by the virtual processor. Further, the cloud memory functions as
the data storage unit 16.

Note that the data storage unit 16 may be provided in a computer which is different
from the charge-and discharge controller 8 and management device 3. In this case, the
management device 3 is connected via a network to a computer in which the data
storage unit 16 or the like is provided. In addition, the management device 3 may
employ the charge-and discharge controller 8 as a slave control device, and may
cooperate with the charge-and discharge controller 8, thus controlling the charge and
discharge of the storage battery 2. Hereinafter, a process of the management device 3
will be described.

When the management device 3 executes a process, the charge-and-discharge
controller 8 charges or discharges each of the batteries 6 of the storage battery 2. In
addition, the measuring circuit 7 measures the above-described parameters relating to
the storage battery 2 in the charge or discharge of each battery 6. Then, the mea-
surement data acquisition unit 11 of the management device 3 acquires, as mea-
surement data, measurement values in the measuring circuit 7 of the parameters
relating to the storage battery 2. Thus, the measurement data acquisition unit 11
acquires an electric current flowing in each of the batteries 6, a voltage of each of the
batteries 6, and a temperature of each of the batteries 6. The measurement data ac-
quisition unit 11 periodically acquires at a predetermined timing the measurement
values of the parameters relating to the storage battery 2. Specifically, the mea-
surement data acquisition unit 11 acquires the measurement values of the parameters
relating to the storage battery 2 in regard to each of a plurality of measuring time
points (measurements of multiple times). Thus, the measurement data acquisition unit
11 also acquires, as measurement data, a time variation (time history) of parameters
relating to the storage battery 2, in addition to the measurement values of the pa-
rameters relating to the storage battery 2. Accordingly, the measurement data that the
measurement data acquisition unit 11 acquires includes the time variation (time
history) of the current flowing in each battery 6, the time variation (time history) of the
voltage of each battery 6, and the time variation (time history) of the temperature of
each battery 6.

Besides, the measurement data acquisition unit 11 acquires charge conditions or
discharge conditions at a time of measuring the parameters relating to the storage
battery 2, in addition to the above-described measurement data. The charge conditions

include a charge current value, an SOC (State of Charge) of each battery 6 at the start



WO 2022/014086 PCT/JP2021/008319

[0018]

[0019]

[0020]

[0021]

of charge and at the end of charge, and the temperature range of each battery 6 at the
time of charge. Similarly, the discharge conditions include a discharge current value,
the SOC of each battery 6 at the start of discharge and at the end of discharge, and the
temperature range of each battery 6 at the time of discharge.

The measurement data acquisition unit 11 may acquire, as measurement data, data in-
dicative of a relationship of the voltage to either a charge amount (discharge amount)
from the start of charge (the start of discharge) or the SOC in regard to each of the
batteries 6. For each battery 6, the charge amount (discharge amount) from the start of
charge (start of discharge) can be calculated by using the elapsed time from the start of
charge (start of discharge) and the time variation (time history) of the flowing current.
In addition, in the example of FIG.1, or the like, because of the configuration in which
the batteries 6 are connected in series in the battery string 5, the charge amount
(discharge amount) of the battery string 5 from the start of charge (start of discharge)
corresponds to the charge amount (discharge amount) from the start of charge (start of
discharge) of the battery 6 as an elemental battery, which constitutes the battery string
5.

In each of the batteries 6, the ratio of the residual capacitance until the SOC reaches
0% to the full-charge capacitance until the SOC reaches 100% from 0% is defined as
the SOC. For each battery 6, the SOC can be calculated by using the above-described
measurement data, and the charge/discharge history or the like. Examples of the
method of calculating the SOC of each battery 6 include a current integration method,
a calculation method using the relationship between the inter-terminal voltage of the
elemental battery 6 and the SOC, and an estimation method using a Kalman filter. In
each of the batteries 6, the state in which the inter-terminal voltage (the voltage
between the positive electrode terminal and the negative electrode terminal) has a
voltage value Val under set discharge conditions is defined as the state in which the
SOC is 0%, and the state in which the inter-terminal voltage has a voltage value Va2,
which is greater than the voltage value Val, under set charge conditions is defined as
the state in which the SOC is 100%.

As described above, the measurement data acquisition unit 11 acquires the mea-
surement data, for example, by receiving the measurement data, and thereby the
management device 3 acquires the data indicative of the measurement values of the pa-
rameters relating to the storage battery 2 in each of multiple measurements. Besides,
the measurement data may be acquired by the charge-and-discharge controller 8. In
this case, the charge-and-discharge controller 8§ controls the charge or discharge of
each battery 6, based on the measurement data.

The internal state estimation unit 12 executes a process by using, for instance, the

measurement data which the measurement data acquisition unit 11 acquired. The
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internal state estimation unit 12 estimates the internal state of each battery 6, based on
the measurement data. In the present embodiment, the internal state estimation unit 12
estimates an internal state parameter indicative of an internal state in regard to each of
the batteries 6. In one example, the internal state estimation unit 12 analyzes data rep-
resenting a relationship of each of the voltage and current to the charge time (discharge
time) for each of the batteries 6. Accordingly, for each battery 6, data indicative of
measurement values of the voltage and current in each of multiple measurements, i.e.
data indicative of a time variation of the voltage and a time variation of the current, is
analyzed by the internal state estimation unit 12. Thus, charge curve analysis
(discharge curve analysis) in regard to each battery 6 is performed by the internal state
estimation unit 12.

Here, in each of the batteries 6, the internal state parameters include, for example,
any one of a positive electrode capacitance (or a positive electrode mass), a negative
electrode capacitance (or a positive electrode mass), an initial charge amount of the
positive electrode, an initial charge amount of the negative electrode, and an internal
resistance. In addition, the internal state parameters of each battery 6 may include an
SOW (Shift of Operation Window) which is a shift between the initial charge amount
of the positive electrode and the initial charge amount of the negative electrode.

FIG.2 is a schematic view for explaining the internal state parameters indicative of
the internal state in each of the batteries. As shown in FIG.2, in the elemental battery 6,
a charge amount until the charge amount of the positive electrode reaches an upper-
limit charge amount from an initial charge amount is a positive electrode capacitance.
In addition, a charge amount of the positive electrode in a state in which the positive
electrode potential (the electric potential of the positive electrode terminal) becomes
VPB1 is defined as the initial charge amount, and a charge amount of the positive
electrode in a state in which the positive electrode potential becomes V[32, which is
higher than Vf31, is defined as the upper-limit charge amount. Besides, in the elemental
battery 6, a charge amount until the charge amount of the negative electrode reaches an
upper-limit charge amount from an initial charge amount is a negative electrode ca-
pacitance. In addition, a charge amount of the negative electrode in a state in which the
negative electrode potential (the electric potential of the negative electrode terminal)
becomes Vyl1 is defined as the initial charge amount, and a charge amount of the
negative electrode in a state in which the negative electrode potential becomes Vv2,
which is lower than V1, is defined as the upper-limit charge amount. Further, the
positive electrode mass can be estimated from the estimated positive electrode ca-
pacitance and the kind of material, of which the positive electrode is formed. Similarly,
the negative electrode mass can be estimated from the estimated negative electrode ca-

pacitance and the kind of material, of which the negative electrode is formed.
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In addition, the internal state parameters of each battery 6 may include a positive
electrode capacity retention ratio and a negative electrode capacity retention ratio.
Here, the positive electrode capacity retention ratio is the ratio of the estimated positive
electrode capacitance to the positive electrode capacitance at the time of the start of
use, and the negative electrode capacity retention ratio is the ratio of the estimated
negative electrode capacitance to the negative electrode capacitance at the time of the
start of use. In each of the batteries 6, if deterioration occurs due to repetitive charge
and discharge, each of the above-described positive electrode capacitance and negative
electrode capacitance decreases, compared to when the use thereof was started, and the
positive electrode capacity retention ratio and the negative electrode capacity retention
ratio deteriorate. Further, in each battery 6, if deterioration occurs, the above-described
SOW varies from the time of the start of use.

In addition, for each of the batteries 6, the internal state estimation unit 12 estimates a
battery characteristic parameter, based on the estimated internal state parameter, i.e.,
based on the estimation result of the internal state. Thereby, the battery characteristics
of each battery 6 are estimated by the internal state estimation unit 12. The battery
characteristic parameters of each battery 6 include a battery capacitance, an open
circuit voltage (OCV) and an OCV curve. The battery capacitance corresponds to a
charge amount until the difference between the positive electrode potential and the
negative electrode potential reaches Va2 from Val (see FIG.2). The OCV curve is a
function indicative of a relationship of the OCV to a parameter other than the OCV, for
example, a function indicative of a relationship of the OCV to the SOC or the charge
amount. In addition, in each of the batteries 6, the internal resistance, which is one of
the internal state parameters, is also a battery characteristic parameter indicative of
battery characteristics.

The data storage unit 16 stores arithmetic data which is used in arithmetic operations
in the above-described estimation of the internal state parameters and the battery char-
acteristic parameters. The internal state estimation unit 12 reads arithmetic data, which
is necessary for the estimation of the internal state parameters or the like, from the data
storage unit 16. The arithmetic data includes, for example, a function indicative of the
OCP (Open Circuit Potential) of the positive electrode relative to the SOC of the
positive electrode in each of the batteries 6, and a function indicative of the OCP of the
negative electrode relative to the SOC of the negative electrode in each of the batteries
6. In addition, in the estimation of the above-described internal state parameters,
interim estimation values or the like are calculated in a process of obtaining an ultimate
estimation result. The above-described arithmetic data may include an interim es-
timation value of each of the internal state parameters. Besides, the internal state es-

timation unit 12 can store, in the data storage unit 16, those estimation values, among
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the interim and ultimate estimation values of the internal state parameters, which
become necessary in the subsequent estimation process.

Note that the estimation of the internal state parameters of an elemental battery by
charge curve analysis is disclosed in, for example, the above-described PTL 3 (Jpn.
Pat. Appln. KOKAI Publication No.2018-147827). In the present embodiment, for
example, like the charge curve analysis of PTL 3, the above-described internal state
parameters are estimated for each battery 6. In addition, the estimation of the battery
characteristic parameters based on the internal state parameters may be performed in
the same manner as described in PTL 3. For example, when the OCV curve is
estimated as the battery characteristic parameter, an upper-limit voltage and a lower-
limit voltage, which are imposed on the OCV in regard to each of the batteries 6, are
stored in the data storage unit 16 as arithmetic data.

If the storage battery 2 or the like is used for a long time without replacing any one of
the batteries 6, the deterioration degree of battery characteristics varies among the
batteries 6 due to, for example, the differences of positions where the batteries 6 are
disposed. If the storage battery 2 or the like is used for a long time, for example, a
battery disposed in a high-temperature region near a heat source or the like has a lower
battery capacitance or a higher internal resistance than a battery disposed at a distance
from the heat source or the like, and the deterioration degree of battery characteristics
becomes higher. In addition, in the storage battery 2, if the management device 3 or the
like determines that the life of one battery ended, the use of the storage battery 2 is
terminated even if the other batteries are usable. Thus, it is required to properly replace
a target battery, which is a target of replacement, before the variance of the dete-
rioration degree of battery characteristics increases among the batteries 6, and to
increase the life of the storage battery 2.

FIG.3 is a schematic view illustrating an example of variations with time, from the
start of use of a storage battery, of battery capacitances estimated in regard to three
batteries of the storage battery. In addition, FIG.4 is a schematic view illustrating
variations with time, from the start of use of the storage battery, of positive electrode
capacitances estimated in regard to the three batteries shown in the example of FIG.3.
In FIG.3 and FIG.4, the abscissa axis indicates an elapsed time from the start of use of
the storage battery. The ordinate axis in FIG.3 indicates the battery capacitance, and
the ordinate axis in FIG.4 indicates the positive electrode capacitance. In the example
of FIG.3 and FIG.4, the positive electrode capacitance that is the internal state
parameter was estimated by the above-described charge curve analysis, and the battery
capacitance that is the battery characteristic parameter was estimated based on the
estimated internal parameter. In addition, in the example of FIG.3 and FIG.4, the es-

timation was conducted seven times, including one time when the use of the storage
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battery was started, for three batteries al to a3, and the estimation was periodically
conducted, for example, at intervals of about one year.

As shown in FIG.3, from the first estimation time point to the last estimation time
point, none of the battery capacitances of the batteries al to a3 exhibited a tendency of
lowering (deterioration). Thus, even at the last estimation time point, the variance of
the battery capacitance (the deterioration degree of the battery capacitance) was small
among the batteries al to a3. On the other hand, as shown in FIG.4, the positive
electrode capacitance of the battery al exhibited a tendency of lowering (deterioration)
between the third estimation time point and the fourth estimation time point, and con-
tinuously lowered until the last estimation time point. In addition, the positive
electrode capacitance of the battery a2 exhibited a tendency of lowering (deterioration)
between the fifth estimation time point and the sixth estimation time point, and con-
tinuously lowered until the last estimation time point. Further, the positive electrode
capacitance of the battery a3 exhibited a tendency of lowering (deterioration) between
the sixth estimation time point and the last estimation time point. Thus, at the last es-
timation time point, the variance of the positive electrode capacitance (the deterioration
degree of the positive electrode capacitance) was large among the batteries al to a3. In
addition, in the example of FIG.3 and FIG.4, in each of the batteries al to a3, the
positive electrode capacitance exhibited a tendency of lowering at an early stage,
compared to the battery capacitance.

Similarly as in the example of FIG.3 and FIG.4, in the battery 6 or the like, any one
of the internal state parameters, such as the positive electrode capacitance, negative
electrode capacitance and SOW, exhibits a tendency of deterioration at an early stage,
compared to the battery characteristic parameters such as the battery capacitance and
internal resistance. In addition, in the storage battery 2 or the like, which includes the
batteries 6, the timing at which the internal state parameter exhibits a tendency of dete-
rioration varies from battery to battery, since the positions of disposition are different
among the batteries and the distances from the heat source or the like are different
among the batteries. Thus, in the storage battery or the like including the batteries,
similarly as in the example of FIG.3 and FIG.4, even at a stage when the variance of
the battery characteristic parameter (the deterioration degree of the battery charac-
teristics) is small among the batteries, the variance of any one of the internal state pa-
rameters (the variance of the deterioration degree of the internal state) increases among
the batteries. Specifically, in the storage battery 2 or the like, the deterioration degree
of the internal state varies among the batteries 6 at an earlier stage than the dete-
rioration degree of the battery characteristics.

In addition, in the storage battery 2 or the like, as a battery has a higher deterioration

rate of the internal state, the deterioration rate of the battery characteristics thereof is
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higher. Specifically, as a battery has an earlier timing of exhibiting a tendency of dete-
rioration of internal state parameters such as the positive electrode capacitance,
negative electrode capacitance and SOW, the timing of exhibiting a tendency of dete-
rioration of the battery characteristic parameters such as the battery capacitance and
internal resistance is earlier. In the present embodiment, the deterioration rate data
generation unit 13, replacement data generation unit 14 and effect data generation unit
15 execute processes, based on the above-described tendency of the variation with time
of the battery characteristics and internal states in the batteries 6.

In regard to each of the batteries 6, the deterioration rate data generation unit 13
estimates the deterioration rate (deterioration speed) of the battery characteristics
including the battery capacitance and internal resistance, based on the estimation result
of the internal state by the internal state estimation unit 12. In addition, the dete-
rioration rate data generation unit 13 generates deterioration rate data indicative of the
deterioration rate of the battery characteristics in each of the batteries, which is based
on the estimation result of the internal state. The deterioration rate data generation unit
13 generates the deterioration rate data at a stage when there is little variance of the
battery characteristic parameter (the deterioration degree of the battery characteristics)
among the batteries 6 and there is a certain degree of variance of any one of the
internal state parameters (the deterioration degree of the internal state) among the
batteries 6.

In one example, the deterioration rate data generation unit 13 acquires the estimation
result of the positive electrode capacitance, negative electrode capacitance and SOW of
each of the batteries 6. In addition, the deterioration rate data generation unit 13
estimates the deterioration rate of the battery characteristics for each battery 6, based
on a parameter with a greatest variance, which is one of the positive electrode ca-
pacitance, negative electrode capacitance and SOW, among the batteries 6. Here, when
the positive electrode capacitance is the parameter with the greatest variance among
the batteries 6, the positive electrode capacitance of a battery among the batteries 6,
which has a smallest lowering (deterioration) of the positive electrode capacitance, is
set as a reference positive electrode capacitance Qaref.

Then, as regards a battery in which a difference AQa between the reference positive
electrode capacitance Qaref and the positive electrode capacitance is a first threshold
AQathl or less, the deterioration rate of the battery characteristics is estimated as "level
1". In addition, as regards a battery in which the difference AQa between the reference
positive electrode capacitance Qaref and the positive electrode capacitance is greater
than the first threshold AQath1 and is not greater than a second threshold AQath2, the
deterioration rate of the battery characteristics is estimated as "level 2", and the dete-

rioration rate of the battery characteristics is estimated as being higher than the battery
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with the deterioration rate of "level 1". The second threshold AQath?2 is greater than the
first threshold AQath1. Further, as regards a battery in which the difference AQa
between the reference positive electrode capacitance Qaref and the positive electrode
capacitance is greater than the second threshold AQath2, the deterioration rate of the
battery characteristics is estimated as "level 3", and the deterioration rate of the battery
characteristics is estimated as being higher than the battery with the deterioration rate
of "level 2". Note that, also when either the negative electrode capacitance or the SOW
is the parameter having the greatest variance among the batteries 6, like the case in
which the positive electrode capacitance is the parameter having the greatest variance
among the batteries 6, the deterioration rate of the battery characteristics is estimated in
regard to each of the batteries 6.

Note that the deterioration rate data generation unit 13 may estimate the deterioration
rate of the battery characteristics for each battery 6, based on two or more parameters
among the positive electrode capacitance, negative electrode capacitance and SOW,
and may generate the deterioration rate data. In addition, the deterioration rate data
generation unit 13 may estimate the deterioration rate of the battery characteristics for
each battery 6, based on one of the positive electrode mass and the positive electrode
capacity retention ratio, which are based on the positive electrode capacitance
estimated by the internal state estimation unit 12, or may estimate the deterioration rate
of the battery characteristics for each battery 6, based on one of the negative electrode
mass and the negative electrode capacity retention ratio, which are based on the
negative electrode capacitance estimated by the internal state estimation unit 12.
Besides, the deterioration rate data generation unit 13 may estimate the deterioration
rate of the battery characteristics for each battery 6, based on the internal resistance
estimated by the internal state estimation unit 12, in addition to one or more parameters
among the positive electrode capacitance, negative electrode capacitance, and SOW.

In addition, the deterioration rate of the battery characteristics in each of the batteries
6 does not need to be indicated by division in three levels, and may be indicated by
division in, for example, five levels. Further, the deterioration rate of the battery char-
acteristics in each battery 6 may be indicated by a rate index or the like. In this case,
for example, as the rate index becomes greater, the deterioration rate of the battery
characteristics in the battery is estimated to be higher. In any of the cases, however, the
deterioration rate data indicates the deterioration rate of the battery characteristics in
each of the batteries 6, which is based on the estimation result of one or more of the
positive electrode capacitance, negative electrode capacitance and SOW, and indicates
the deterioration rate of the battery characteristics in each of the batteries 6, which is
based on the estimation result of the internal state.

FIG.5 is a schematic view illustrating an example of deterioration rate data which the
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deterioration rate data generation unit of the management device according to the em-
bodiment generates. In the example of FIG.S5, the deterioration rate of the battery char-
acteristics in each of the batteries 6 is estimated in the above-described three levels,
based on the estimation result of the internal state by the internal state estimation unit
12. In the example of FIG.5, a battery of "level 1", whose deterioration rate of battery
characteristics is relatively low, is indicated in blue. In addition, a battery of "level 2",
whose deterioration rate of battery characteristics is intermediate, is indicated in
yellow. Further, a battery of "level 3", whose deterioration rate of battery charac-
teristics is relatively high, is indicated in red. In the example of FIG.5, as regards a
battery (first battery) 6A which is one of a plurality of batteries 6, the deterioration rate
of battery characteristics is estimated to be "level 3". In addition, as regards a battery
(second battery) 6B which is one of the batteries 6 and is other than the battery 6A, the
deterioration rate of battery characteristics is estimated to be "level 1". Further, as
regards a battery (third battery) 6C which is other than the batteries 6A and 6B among
the batteries 6, the deterioration rate of battery characteristics is estimated to be "level
2". Accordingly, in the deterioration rate data of the example of FIG.5, the dete-
rioration rate of the battery characteristics of the battery 6A is estimated to be higher
than the deterioration rate of the battery characteristics of the battery 6C, and the dete-
rioration rate of the battery characteristics of the battery 6B is estimated to be lower
than the deterioration rate of the battery characteristics of the battery 6C.

The replacement data generation unit 14 acquires the estimation result of the internal
state of each battery 6 by the internal state estimation unit 12, and the deterioration rate
data generated by the deterioration rate data generation unit 13. In addition, the re-
placement data generation unit 14 generates replacement data, based on at least the es-
timation result of the internal state of each battery 6 and the deterioration rate data. The
replacement data indicates information relating to a replacement work which is rec-
ommended to be performed at any time point after a time point at which the re-
placement data was generated. The replacement data includes information indicative of
a target battery which is a target of replacement among the batteries 6, information
relating to a battery with which the target battery is replaced, and information relating
to a time of replacement of the target battery. Note that, after the replacement based on
the replacement data, the battery, with which the target battery is replaced, is disposed
at a position where the target battery was disposed.

In addition, use condition data indicative of use conditions imposed on each battery 6
in the use of the storage battery 2 may be stored in the data storage unit 16 or the like,
and the replacement data generation unit 14 may acquire the use condition data. In this
case, the replacement data generation unit 14 generates the replacement data, based on

the use condition data, in addition to the estimation result of the internal state of each
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battery 6 and the deterioration rate data. The use condition data indicates, as the use
conditions imposed on each battery 6 in the use of the storage battery 2, a current range
(a range of a charge current value and a discharge current value), a SOC range, and a
temperature range imposed on each battery 6 in the use of the storage battery 2. The
use conditions greatly affect the deterioration rates of the batteries 6, and also affect
the magnitude of the variation among the temperatures of the batteries 6. Accordingly,
the effect by the replacement can be improved by generating the replacement data by
taking into account the use conditions of the storage battery 2. The storage battery 2 is
used by performing the replacement in such a state that each of the batteries 6 satisfies
the above-described current range, SOC range and temperature range.

When generating the replacement data, the replacement data generation unit 14
estimates a life end time point in a case where replacement or the like is not performed,
in regard to each of the batteries 6, based on at least the estimation result of the internal
state and the deterioration rate data. At this time, in regard to each of the batteries 6, a
reference for the end of life is set based on one or more of the battery characteristic pa-
rameters and the internal state parameters. In one example, based on the battery ca-
pacitance Qc of the elemental battery 6, a time point at which the battery capacitance
Qc decreases (deteriorates) to a threshold Qcth is set as the life end time point of the
battery 6. In this case, based on the estimation result of the internal state and the dete-
rioration rate data, the replacement data generation unit 14 estimates, for each of the
batteries 6, a variation with time of the battery capacitance Qc after the generation of
replacement data in a case where replacement or the like is not performed. In addition,
the replacement data generation unit 14 estimates, for each of the batteries 6, the time
point at which the estimated variation with time of the battery capacitance Qc
decreases to the threshold Qcth as the life end time point. Further, the replacement data
generation unit 14 estimates an earliest time point, among the life end time points of
the batteries 6, as a life end time point of the storage battery 2.

Here, among the batteries 6, a battery, in which the deterioration rate of the battery
characteristics was estimated to be higher in the deterioration rate data, is set to have
an earlier timing of exhibiting the tendency of deterioration (lowering) of the battery
capacitance Qc in the estimated variation with time of the battery capacitance Qc, and
is set to have an earlier time point at which the battery capacitance Qc decreases to the
threshold Qcth. Thus, among the batteries 6, a shorter life is estimated for the battery in
which the deterioration rate of the battery characteristics was estimated to be higher in
the deterioration rate data. In addition, among the batteries 6, a battery, in which the
deterioration degree of the internal state (internal state parameter) was estimated to be
higher, is set to have an earlier timing of exhibiting the tendency of deterioration

(lowering) of the battery capacitance Qc in the estimated variation with time of the
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battery capacitance Qc, and is set to have an earlier time point at which the battery ca-
pacitance Qc decreases to the threshold Qcth. Thus, among the batteries 6, a shorter
life is estimated for the battery in which the deterioration degree of the internal state
was estimated to be higher.

FIG.6 is a schematic view for explaining an example of estimation of life end time
points of a plurality of batteries in a case where the deterioration rate data of the
example of FIG.5 was generated. In FIG.6, the abscissa axis indicates an elapsed time
from the start of use of the storage battery, and the ordinate axis indicates the battery
capacitance. In the example of FIG.6, for each of the batteries 6, a variation with time
of the battery capacitance Qc after the generation of replacement data in a case where
replacement or the like is not performed is estimated. In addition, in regard to each of
the batteries 6, a time point at which the estimated variation with time of the battery
capacitance Qc decreases to the threshold Qcth is estimated as a life end time point of
the battery 6. In FIG.6, for the above-described three batteries 6A to 6C (see FIG.S),
the variations with time of the battery capacitances Qc are indicated. In the example of
FIG.6, time t1 is a time of generation of replacement data. The variations with time of
the battery capacitances Qc of the batteries 6A to 6C are indicated by solid lines before
time t1, and are indicated by broken line at or after time t1.

Here, in the deterioration rate data, the deterioration rate of battery characteristics of
the battery 6A is estimated to be higher than the deterioration rate of battery charac-
teristics of the battery 6C, and the deterioration rate of battery characteristics of the
battery 6C is estimated to be higher than the deterioration rate of battery characteristics
of the battery 6B. In addition, in the estimation of the internal state such as the positive
electrode capacitance, the deterioration degree of the internal state of the battery 6A is
estimated to be higher than the deterioration degree of the internal state of the battery
6C, and the deterioration degree of the internal state of the battery 6C is estimated to
be higher than the deterioration degree of the internal state of the battery 6B. Thus, in
the estimation of the example of FIG.6, compared to the battery 6C, the battery 6A is
set to have an earlier timing of exhibiting the tendency of deterioration (lowering) of
the battery capacitance Qc, and is set to have an earlier time point at which the battery
capacitance Qc decreases to the threshold Qcth. In addition, compared to the battery
6B, the battery 6C is set to have an earlier timing of exhibiting the tendency of dete-
rioration (lowering) of the battery capacitance Qc, and is set to have an earlier time
point at which the battery capacitance Qc decreases to the threshold Qcth. Ac-
cordingly, in the example of FIG.6, time (2 is estimated as a life end time point in
regard to the battery 6A, and time t3 that is later than time t2 is estimated as a life end
time point in regard to the battery 6C. Further, time t4 that is later than time (3 is

estimated as a life end time point in regard to the battery 6B.



16

WO 2022/014086 PCT/JP2021/008319

[0045]

[0046]

[0047]

Note that also when the reference for the end of life is set based on the parameter of
any one of the positive electrode capacitance, negative electrode capacitance, SOW
and internal resistance, for example, the variation with time of the parameter after the
generation of the replacement data is estimated, and a threshold similar to the threshold
Qcth of the battery capacitance Qc is set for the parameter. In addition, the time point
at which the estimated variation with time of the parameter reaches the threshold is
estimated as the life end time point of the battery 6. However, in the setting of the
reference for the end of life based on the SOW, two thresholds are set, namely a
threshold in a case where the direction of a shift of the initial charge amount of the
negative electrode relative to the initial charge amount of the positive electrode is
identical to the direction at the time of the start of use, and a threshold in a case where
the direction of the shift of the initial charge amount of the negative electrode relative
to the initial charge amount of the positive electrode is opposite to the direction at the
time of the start of use. In addition, a time point at which the estimated variation with
time of the SOW reaches one of the two thresholds is estimated as the life end time
point of the battery 6.

Besides, no matter which of the internal state parameter or the battery characteristic
parameter is the parameter that is set as the reference for the end of life, a shorter life is
estimated for that battery among the batteries 6, in which the deterioration rate of the
battery characteristics was estimated to be higher in the deterioration rate data. In
addition, among the batteries 6, a shorter life is estimated for the battery in which the
deterioration degree of the internal state is estimated to be higher.

Furthermore, in regard to each of the batteries 6, the replacement data generation unit
14 may estimate the life end time point in a case where replacement or the life is not
performed, based on the use condition data, in addition to the estimation result of the
internal state and the deterioration rate data. In this case, temperature distribution data
indicative of a temperature distribution in an environment (space), in which the
batteries 6 are arranged, is generated based on the deterioration rate data and the
above-described temperature range which is imposed on each battery 6 as the use
condition. Then, based on the temperature distribution data, the replacement data
generation unit 14 estimates the life end time point of each of the batteries 6. In the
temperature distribution data, the temperature of a region where the battery, which was
estimated to have a higher deterioration rate of battery characteristics, is disposed is
higher than the temperatures of other regions. Accordingly, in the temperature dis-
tribution data based on the deterioration rate data of the example of FIG.5, the tem-
perature of a region or the like where the battery 6A is disposed is higher than the tem-
peratures of a region or the like where the battery B is disposed and a region or the like

where the battery C is disposed.
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The replacement data generation unit 14 generates replacement data, based on the es-
timation result of the life end time point in regard to each of the batteries 6. In one
example, the replacement data generation unit 14 selects a target battery, which is a
target of replacement, from among the batteries 6, based on the estimation result of the
life end time point. In this case, a target life of the storage battery 2 is stored in the data
storage unit 16. In the replacement data that the replacement data generation unit 14
generates, at least a battery, whose estimated life end time point is shorter than the
target life, is included in target batteries. Note that if all batteries, whose estimated life
end time points are shorter than the target life, are included in the target batteries that
are targets of replacement, a battery, whose estimated life end time point is equal to or
longer than the target life, may be included in the target batteries.

For example, it is assumed that the life end time point of each of the batteries 6 was
estimated based on the deterioration rate data of the example of FIG.5. In addition, for
example, it is assumed that batteries including the battery 6A, whose deterioration rates
of battery characteristics were estimated to be "level 3", were estimated to have life
end time points which are shorter than the target life. In this case, at least the batteries
whose deterioration rates of battery characteristics were estimated to be "level 3", i.e.
at least the batteries indicated in red in the deterioration rate data of FIG.5, are selected
as target batteries that are targets of replacement. In addition, batteries, whose dete-
rioration rates of battery characteristics were estimated to be "level 1" or "level 2", may
be included as target batteries.

In the replacement data generated by the replacement data generation unit 14, a
battery, with which the target battery is replaced, and a time of replacement of the
target battery, are determined in such a state that the life of the storage battery 2
becomes the above-described target life or more. Specifically, the replacement data is
generated in such a state that the life of the storage battery 2 becomes the target life or
more by the replacement of the target battery based on the replacement data. Thus, by
performing the replacement of the target battery, based on the replacement data, even
the battery having a shortest life among the batteries 6 will have a life of the target life
or more. In addition, it is preferable that, on condition that the life of the storage
battery 2 becomes the above-described target life or more, the battery with which the
target battery is replaced, and the time of replacement of the target battery, are de-
termined in such a state that the life of the storage battery 2 becomes as long as
possible.

In one example, the replacement data indicates that a battery, whose life end time
point was estimated to be an earliest time point among the batteries 6, is replaced with
a battery whose life end time point was estimated to be a latest time point among the

batteries 6. In this case, by the replacement of the target battery based on the re-
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placement data, the positions of batteries 6 of the storage battery 2 are interchanged.

For example, it is assumed that the deterioration rate data of the example of FIG.5
was generated, and that at least batteries, whose deterioration rates of battery charac-
teristics were estimated to be "level 3", were selected as target batteries that are targets
of replacement. In addition, it is assumed that, among the batteries 6, the life end time
point of the battery 6A was estimated as the earliest time point, and the life end time
point of the battery 6B was estimated as the latest time point. In this case, the re-
placement data indicates that the battery (first battery) 6A that is the target battery is
replaced with the battery (second battery) 6B. Accordingly, by performing the re-
placement of the target battery, based on the replacement data, the battery 6A, whose
life was estimated to be shorter than the battery (third battery) 6C or the like, is
replaced with the battery 6B whose life was estimated to be longer than the battery 6C
or the like.

In addition, in one example, the replacement data generation unit 14 specifies a
parameter with a highest deterioration degree among the internal state parameters
estimated by the internal state estimation unit 12, in regard to each of the target
batteries that are targets of replacement. In this case, a parameter with a highest dete-
rioration degree among the positive electrode capacitance, negative electrode ca-
pacitance and SOW may be specified, or a parameter with a highest deterioration
degree among the positive electrode capacitance, negative electrode capacitance and
SOW and, additionally, the internal resistance, may be specified. In addition, the re-
placement data indicates that each of the target batteries is replaced with a battery
whose deterioration degree of the specified parameter is relative low among the
batteries 6. In this case, too, by the replacement of the target battery based on the re-
placement data, the positions of the batteries 6 of the storage battery 2 are in-
terchanged.

For example, it is assumed that the deterioration rate data of the example of FIG.5
was generated, and at least the batteries, whose deterioration rates of battery charac-
teristics were estimated to be "level 3", were selected as target batteries that are targets
of replacement. In addition, it is assumed that, in the battery 6A that is one of the target
batteries, the positive electrode capacitance was specified as a parameter with a highest
deterioration degree among the internal state parameters. In this case, the replacement
data indicates that the battery (first battery) 6A that is the target battery is replaced with
the battery (second battery) 6B whose deterioration degree of the positive electrode ca-
pacitance is relatively low. Accordingly, by performing the replacement of the target
battery, based on the replacement data, the battery 6A, whose deterioration degree of
the positive electrode capacitance was estimated to be higher than the battery (third

battery) 6C or the like, is replaced with the battery 6B whose deterioration degree of
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the positive electrode capacitance was estimated to be lower than the battery 6C or the
like.

In addition, the replacement data is generated by taking into account the case in
which each of the batteries 6 is used at an upper-limit value or near the upper-limit
value in the above-described temperature range that is imposed as the use condition,
i.e. the case in which the storage battery 2 is used in a high-temperature environment.
For example, when the storage battery 2 is used at the upper-limit value of the tem-
perature range that is imposed as the use condition, the replacement data is generated
in such a state that the temperature rise due to the current becomes the target value or
less in any of the batteries 6. Thus, at the time of the replacement, or immediately after
the replacement, of the target battery based on the replacement data, the temperature
rise due to the current becomes the target value or less as long as the storage battery 2
(the batteries 6) is used in the temperature range imposed as the use condition. Further,
it is preferable that, on condition that the temperature rise due to the current becomes
the target value or less in any of the batteries 6 in the use of the storage battery 2 in the
high-temperature environment, the battery, with which the target battery is replaced,
and the time of replacement of the target battery, are determined in such a state that the
temperature rise due to the current in each battery 6 becomes as low as possible.

Besides, the replacement data is generated by taking into account the case in which
each of the batteries 6 is used at a lower-limit value or near the lower-limit value in the
above-described temperature range that is imposed as the use condition, i.e. the case in
which the storage battery 2 is used in a low-temperature environment. For example,
when the storage battery 2 is used at the lower-limit value of the temperature range that
is imposed as the use condition, the replacement data is generated in such a state that
the output characteristic of the storage battery 2 becomes the target level or more.
Thus, at the time of the replacement, or immediately after the replacement, of the
target battery based on the replacement data, the output characteristic of the storage
battery 2 becomes the target level or more, for example, such that the output power of
the storage battery 2 becomes the target value or more, as long as the storage battery 2
(the batteries 6) is used in the temperature range imposed as the use condition. Further,
it is preferable that, on condition that the output characteristic of the storage battery 2
becomes the target level or more in the use of the storage battery 2 in the low-
temperature environment, the battery, with which the target battery is replaced, and the
time of replacement of the target battery, are determined in such a state that the output
characteristic of the storage battery 2 becomes as high as possible.

When it is not possible to increase the life of the storage battery 2 to the target life or
more by only the interchange of the positions of batteries 6 of the storage battery 2, the

replacement data indicates that at least a part of the target batteries that are targets of
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replacement is replaced with a predetermined battery other than the batteries 6 of the
storage battery 2. In this case, a battery of the same kind as the batteries 6 is used as
the battery with which the target battery is replaced. The battery, with which the target
battery is replaced, may be a new battery of the same kind as the batteries 6, or may be
a battery which has been used in a device different from the battery-mounted device in
which the storage battery 2 is mounted, and whose estimation result of the internal
state was acquired.

Furthermore, there is a case in which it is not possible to meet at least one of the
above-described condition in the use of the storage battery 2 in the high-temperature
environment and the above-described condition in the use of the storage battery 2 in
the low-temperature environment, by only the interchange of the positions of the
batteries 6 of the storage battery 2. In this case, too, the replacement data indicates that
at least a part of the target batteries that are targets of replacement is replaced with a
predetermined battery other than the batteries 6 of the storage battery 2. In addition,
when a plurality of target batteries that are targets of replacement are selected, it is
preferable that, from the standpoint of an improvement in work efficiency of the re-
placement work, replacement data in which the replacement times of the target
batteries are identical is generated.

Besides, there is a case in which the replacement data indicates that a target battery
that is a target of replacement is replaced with a battery of a battery string 5 that is
different from the battery string 5 of the target battery in the storage battery 2. In this
case, the replacement data may indicate that the balance of the SOC among the
batteries 6 is adjusted at the time of replacing the target battery. For example, when the
deterioration rate data of the example of FIG.5 is generated and the replacement of the
battery 6A with the battery 6B is indicated in the replacement data, the replacement
data indicates that the balance of the SOC is adjusted between the batteries of the
battery string 5, in which the battery 6A was disposed, and the batteries of the battery
string 5, in which the battery 6B was disposed. By adjusting the balance of the SOC
between the batteries 6 at the time of replacing the target battery, the variance of the
SOC among the batteries 6 can be kept small, even if the target battery is replaced with
the battery of the battery string 5 that is different from the battery string 5 of the target
battery.

The effect data generation unit 15 acquires the estimation result of the internal state
of each of the batteries 6, the deterioration rate data generated by the deterioration rate
data generation unit 13, and the replacement data generated by the replacement data
generation unit 14. In addition, the effect data generation unit 15 generates effect data,
based on the above-described data that was acquired. The effect data indicates an effect

in a case where the replacement of the target battery based on the replacement data is
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performed. In one example, the effect data indicates the effect in the case where the re-
placement of the target battery based on the replacement data is performed, as
compared to the case where the replacement of the target battery is not performed. The
effect data includes, for example, information indicating that the life of the storage
battery 2 is extended by the replacement of the target battery based on the replacement
data.

FIG.7 is a schematic view illustrating an example of effect data in a case where re-
placement data was generated based on the deterioration rate data of the example of
FIG.5. In FIG.7, the abscissa axis indicates an elapsed time from the start of use of the
storage battery 2, and the ordinate axis indicates the battery capacitance Qc. In
addition, in FIG.7, time t1 is a time of generation of replacement data. In the example
of FIG.7, as regards the battery 6A which is the target battery that is the target of re-
placement, an estimation result of the variation with time of the battery capacitance Qc
in the case where the replacement is not performed is indicated by a broken line 31.
Besides, in the example of FIG.7, as regards the battery 6A, an estimation result of the
variation with time of the battery capacitance Qc in the case where the replacement of
the target battery based on the replacement data is conducted is indicated by a solid
line 2. In the example of FIG.7, in regard to each of the batteries 6, a time point at
which the estimated variation with time of the battery capacitance Qc lowers to the
threshold Qcth is estimated as a life end time point.

In the example of FIG.7, in each of the case where the replacement of the battery 6 is
not performed and the case where the replacement of the target battery based on the re-
placement data is performed, it is estimated that the battery capacitance Qc of the
battery 6A among the batteries 6 lowers earliest to the threshold Qcth. Thus, in each of
the case where the replacement of the battery 6 is not performed and the case where the
replacement of the target battery based on the replacement data is performed, the life
of the battery 6A among the batteries 6 is estimated to be shortest, and the life end time
point of the battery 6A is estimated to be the life end time point of the storage battery
2. If the replacement of the battery 6 is not conducted, as described above, time (2 is
estimated as the life end time point of the battery 6A, and estimated as the life end time
point of the storage battery 2. Thus, the effect data indicates that the life of the storage
battery 2 becomes shorter than a target life Ytar if the replacement of the battery 6 is
not conducted.

In addition, in the example of FIG.7, if the replacement of the target battery based on
the replacement data is conducted at time t5 that is later than time t1, time t6 that is
later than time t2 is estimated as the life end time point of the battery 6A, and
estimated as the life end time point of the storage battery 2. Thus, the effect data

indicates that the life of the storage battery 2 is extended by an extension time Ata by
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the replacement of the target battery based on the replacement data. In addition, the
effect data indicates that the life of the storage battery 2 becomes the target life Ytar or
more by the replacement of the target battery based on the replacement data. Note that,
as described above in connection with the replacement data, the reference for the end
of life may be set based on the parameter of any one of the positive electrode ca-
pacitance, negative electrode capacitance, SOW and internal resistance, in place of the
battery capacitance or in addition to the battery capacitance.

Additionally, the effect data may indicate that the period, during which the above-
described condition is satisfied in the use of the storage battery 2 in the high-
temperature environment, becomes longer in the case where the replacement of the
target battery based on the replacement data is performed, compared to the case where
the target battery is not replaced. In this case, for example, the effect data indicates that
the period, during which the temperature rise due to the current in each of the batteries
becomes the target value or less, becomes longer by the replacement of the target
battery, in the use of the storage battery 2 (the batteries 6) at the upper-limit value of
the temperature range imposed as the use condition. Further, the effect data may
indicate that the period, during which the above-described condition is satisfied in the
use of the storage battery 2 in the low-temperature, becomes longer if the replacement
of the target battery based on the replacement data is performed, compared to the case
where the target battery is not replaced. In this case, for example, the effect data
indicates that the period, during which the output characteristic of the storage battery 2
becomes the target level or more, becomes longer by the replacement of the target
battery, in the use of the storage battery 2 (the batteries 6) at the lower-limit value of
the temperature range imposed as the use condition.

Additionally, the effect data may indicate a cost which occurs when the replacement
of the target battery based on the replacement data is performed. In this case, the effect
data generation unit 15 may determine whether the replacement of the target battery
based on the replacement data is feasible from the aspect of cost. In this case, in-
formation or the like relating to the cost for the user of the battery-mounted device, in
which the storage battery 2 is mounted, is stored in the data storage unit 16. In
addition, the effect data may indicate a determination result as to whether the re-
placement of the target battery based on the replacement data is feasible from the
aspect of cost.

Note that the management device 3 may store, in the data storage unit 16, the dete-
rioration rate data, replacement data and effect data which were generated as described
above. Further, the management device 3 may be capable of notifying the user or the
like of the battery-mounted device, in which the storage battery 2 is mounted, of the

deterioration rate data, replacement data and effect data generated as described above,



23

WO 2022/014086 PCT/JP2021/008319

[0067]

[0068]

[0069]

[0070]

[0071]

via a user interface or the like. In this case, the replacement data and the like may be
notified by voice, or may be notified by screen display or the like.

FIG.8 is a flowchart illustrating a process which is executed by the management
device according to the embodiment. The process of FIG.8 is executed once or more
times at a predetermined timing. In one example, the process of FIG.8 is automatically
executed at a predetermined timing before the variance of the deterioration degree of
battery characteristics among the batteries 6 increases. In another example, the process
of FIG.8 is executed based on the input of an operation instruction through a user
interface by the user or the like of the battery-mounted device in which the storage
battery 2 is mounted.

If the process of FIG.8 is started, the measurement data acquisition unit 11 of the
management device 3 acquires the above-described measurement data (S101). Then,
the internal state estimation unit 12 estimates the internal state (internal state
parameter) of each of the batteries 6, as described above (S102). Further, the dete-
rioration rate data generation unit 13 estimates the deterioration rate of battery charac-
teristics, based on the estimation result of the internal state, in regard to each battery 6.
In addition, the deterioration rate data generation unit 13 generates the above-described
deterioration rate data indicative of the deterioration rate of the battery characteristics
in each of the batteries 6 (S103).

Subsequently, the replacement data generation unit 14 generates the above-described
replacement data, based on at least the estimation result of the internal state of each of
the batteries 6, and the deterioration rate data (S104). The replacement data includes
the information indicative of the target battery that is the target of replacement among
the batteries 6, the information relating to the battery with which the target battery is
replaced, and the information relating to the time of replacement of the target battery.
Further, the effect data generation unit 15 generates the effect data indicative of the
effect in the case where the replacement of the target battery based on the replacement
data is performed (S105).

In the present embodiment, the replacement data is generated based on at least the es-
timation result of the internal state of each of the batteries 6, and the deterioration rate
data indicative of the deterioration rate of the battery characteristics in each battery 6,
the deterioration rate data being based on the estimation result of the internal state.
Thus, the replacement data can be generated before the variance of the deterioration
degree of the battery characteristics increases among the batteries 6 increases, and the
target battery can be replaced based on the replacement data, before the variance of the
deterioration degree of the battery characteristics increases among the batteries 6
increases.

Additionally, the replacement data includes the information indicative of the target
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battery that is the target of replacement among the batteries 6, the information relating
to the battery with which the target battery is replaced, and the information relating to
the time of replacement of the target battery. In the present embodiment, since the re-
placement data is generated based on the estimation result of the internal state of each
of the batteries 6, and the deterioration rate data, the replacement data is properly
generated, for example, with the target battery that is the target of replacement being
properly selected. Thus, by replacing the target battery, based on the replacement data,
the target battery is properly replaced. Accordingly, in the present embodiment, the
target battery that is the target of replacement can appropriately be replaced before the
variance of the deterioration degree of battery characteristics increases among the
batteries 6 in the storage battery 2.

Additionally, in the present embodiment, the replacement data indicates that the
position of the target battery is interchanged with the position of another battery of the
storage battery 2, except for a case in which the life of the storage battery 2 cannot be
extended to the target life or more by only the interchange of the positions of batteries
6 of the storage battery 2. Since the replacement of the target battery based on the re-
placement data is the interchange of positions of batteries 6 of the storage battery 2,
there is no need to add a new battery in the replacement work, and the labor and cost of
the replacement work can be reduced. In addition, for example, even when it is
difficult to obtain a battery of the same kind as the batteries 6, the replacement of the
target battery based on the replacement data is properly performed. Further, when the
replacement of the target battery based on the replacement data is the interchange of
positions of batteries 6 of the storage battery 2, the variance of battery characteristics
among the batteries 6 can be kept small for a long time by replacing the target battery,
based on the replacement data. Therefore, the life of the storage battery 2 can be
extended.

Additionally, in the present embodiment, the replacement data is generated in such a
state that the life of the storage battery 2 becomes the target life (Ytar) or more by the
replacement of the target battery based on the replacement data. Thus, by replacing the
target battery, based on the replacement data, the life of the storage battery 2 can
properly be extended. Further, by replacing the target battery, based on the re-
placement data, an excessive temperature rise due to the current in each battery 6 can
properly be suppressed even when the storage battery 2 is used in a high-temperature
environment. Besides, by replacing the target battery, based on the replacement data,
the output characteristic of the output from the storage battery can properly be ensured
even when the storage battery 2 is used in a low-temperature environment.

Additionally, by the generation of the replacement data, the user or the like of the

battery-mounted device in which the storage battery 2 is mounted can properly prepare
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for the replacement work. For example, even when the replacement data indicates that
at least a part of target batteries is replaced with a predetermined battery other than the
batteries 6 of the storage battery 2, a battery with which the target battery is replaced
can properly be prepared. Besides, by the generation of the replacement data, it is
possible to properly prepare for the cost or the like relating to the replacement work,
before the replacement work.

Additionally, in the present embodiment, the effect data indicative of the effect in the
case where the replacement of the target battery based on the replacement data is
performed is generated. Thus, the user or the like of the battery-mounted device, in
which the storage battery 2 is mounted, can properly understand the effect in the case
where the replacement of the target battery based on the replacement data is conducted.

Note that, in the above-described embodiments and the like, the management device
3 is a computer (server) that is different from the charge-and-discharge controller 8, or
a server in a cloud environment, the management device 3 is not limited to this. In one
embodiment, the charge-and-discharge controller 8 may generate the above-described
replacement data, effect data and the like. In this case, the charge-and-discharge
controller 8 generates the replacement data and the like by executing the same process
as the management device 3 of the above-described embodiment.

In at least one of the above-described embodiments and examples, replacement data
is generated based on at least an estimation result of an internal state of each of a
plurality of batteries, and deterioration rate data indicative of a deterioration rate of
battery characteristics in each of the batteries, the deterioration rate data being based
on the estimation result of the internal state. The replacement data includes information
indicative of a target battery which is a target of replacement among the batteries, in-
formation relating to a battery with which the target battery is replaced, and in-
formation relating to a time of replacement of the target battery. Thereby, there can be
provided a management method, a management device, a management system and a
management program, which enables proper replacement of the target battery that is
the target of replacement, before the variance of the deterioration degree of battery
characteristics increases among the batteries in the storage battery.

While certain embodiments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of the in-
ventions. Indeed, the novel embodiments described herein may be embodied in a
variety of other forms; furthermore, various omissions, substitutions and changes in the
form of the embodiments described herein may be made without departing from the
spirit of the inventions. The accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the scope and spirit of the in-

ventions.
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Reference Signs List

[0079] 1... management system; 2...storage battery; 3...management device; 5...battery
string; 6, 6A, 6B, 6C...battery; 7...measuring circuit; 8...charge-and-discharge
controller; 11...measurement data acquisition unit; 12...internal state estimation unit;
13...deterioration rate data generation unit; 14...replacement data generation unit;

15...effect data generation unit; 16...data storage unit.
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Claims

A management method of a storage battery including a plurality of
batteries, comprising:

generating replacement data, based on at least an estimation result of an
internal state of each of the batteries, and deterioration rate data in-
dicative of a deterioration rate of battery characteristics in each of the
batteries, the deterioration rate data being based on the estimation result
of the internal state, the replacement data including information in-
dicative of a target battery which is a target of replacement among the
batteries, information relating to a battery with which the target battery
is replaced, and information relating to a time of replacement of the
target battery.

The management method of claim1, wherein

the replacement data is generated based on at least the deterioration rate
data indicative of the deterioration rate of the battery characteristics in
each of the batteries, the deterioration rate data being based on an es-
timation result of one or more of a positive electrode capacitance, a
negative electrode capacitance and an SOW.

The management method of claim] or 2, wherein

the replacement data includes information indicating that a first battery,
which is one of the target batteries, is replaced with a second battery
which is one of the batteries and is different from the first battery.

The management method of claim3, wherein

in the deterioration rate data, the deterioration rate of the battery char-
acteristics of the first battery is estimated to be higher than the dete-
rioration rate of the battery characteristics of a third battery which is
one of the batteries and is different from the first battery and the second
battery, and

in the deterioration rate data, the deterioration rate of the battery char-
acteristics of the second battery is estimated to be lower than the dete-
rioration rate of the battery characteristics of the third battery.

The management method of any one of claims1 to 4, wherein

the replacement data is generated in such a state that a life of the
storage battery becomes a target life or more by the replacement of the
target battery based on the replacement data.

The management method of any one of claims1 to 5, wherein

the replacement data is generated based on use condition data in-
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dicative of a use condition imposed on each of the batteries in use of
the storage battery, in addition to the estimation result of the internal
state of each of the batteries, and the deterioration rate data.

The management method of any one of claims] to 6, further
comprising:

generating effect data indicative of an effect in a case where the re-
placement of the target battery based on the replacement data is
performed.

The management method of any one of claims] to 6, further
comprising:

generating effect data including information indicating that a life of the
storage battery is extended by the replacement of the target battery
based on the replacement data.

A management device of a storage battery including a plurality of
batteries, comprising:

a processor configured to generate replacement data, based on at least
an estimation result of an internal state of each of the batteries, and de-
terioration rate data indicative of a deterioration rate of battery charac-
teristics in each of the batteries, the deterioration rate data being based
on the estimation result of the internal state, the replacement data
including information indicative of a target battery which is a target of
replacement among the batteries, information relating to a battery with
which the target battery is replaced, and information relating to a time
of replacement of the target battery.

A management system comprising:

the management device of claim9; and

the storage battery which includes the plurality of batteries, the re-
placement data relating to the batteries being generated by the
processor of the management device.

A management program of a storage battery including a plurality of
batteries, the management program causing a computer to execute:
generating replacement data, based on at least an estimation result of an
internal state of each of the batteries, and deterioration rate data in-
dicative of a deterioration rate of battery characteristics in each of the
batteries, the deterioration rate data being based on the estimation result
of the internal state, the replacement data including information in-
dicative of a target battery which is a target of replacement among the

batteries, information relating to a battery with which the target battery



29
WO 2022/014086 PCT/JP2021/008319

is replaced, and information relating to a time of replacement of the

target battery.
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