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(57) Abstract: The purpose of the present invention is to provide a secondary battery management system that can ap-
propriately set a target charging rate of a secondary battery considering the degradation degree, a secondary battery man-
agement method and a secondary battery management program of said secondary battery management system, and a sec-
ondary battery system. This secondary battery management system (4) comprises: a setting unit (21) that sets a temporary
target charging rate of a secondary battery based on a target electric power amount; an estimating unit (23) that estimates
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the degradation degree of the secondary battery based on the change amount of the charging rate of the secondary battery
that changed in a prescribed constant current charging period in the secondary battery; and a calculating unit (24) that

corrects the temporary target charging rate using the degradation degree, and calculates the target charging rate of the
secondary battery.
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SECONDARY BATTERY MANAGEMENT SYSTEM, SECONDARY
BATTERY MANAGEMENT METHOD AND SECONDARY BATTERY
MANAGEMENT PROGRAM FOR SAID SECONDARY BATTERY
MANAGEMENT SYSTEM, AND SECONDARY BATTERY SYSTEM

Technical Field
[0001]
The present disclosure relates to a secondary battery management
system, a secondary battery management method and a secondary battery
management program for the secondary battery management system, and a

secondary battery system.

Background Art
[0002]

Some power grids connected to a thermal power plant are provided with
secondary batteries for grid stabilization. For example, the secondary battery is
under charging/discharging control to be within an operation range (an SOC
upper limit value and an SOC lower limit value).

[0003]

For example, Patent Document 1 discloses an estimation of a state of

health (SOH), where the SOC is set to be within the upper limit value and the

lower limit value based on the SOH.

Citation List
Patent Document
[0004]
Patent Document 1: JP 2016-195495 A

Summary of Invention
Technical Problem
[0005]

In many cases, the secondary batteries stand by in a high charge state, so
that discharging can be performed when required with a sufficient amount of
remaining charge. However, the secondary batteries tend to degrade more
casily when maintained at the high charge state for a longer period of time, and
thus are not preferably maintained at such the high state of charge for an
excessively long period of time.

[0006]
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The present disclosure has been made in view of such a circumstance,
and an object is to provide a secondary battery management system, a
secondary battery management method and a secondary battery management
program of the secondary battery management system, and a secondary battery
system with which a target state of charge of a secondary battery can be
accurately and appropriately set by taking a degradation degree into

consideration.

Solution to Problem
[0007]

A first aspect of the present disclosure is a secondary battery
management system including a setting unit configured to set a temporary
target state of charge of a secondary battery based on a target power amount, an
estimating unit configured to estimate a degradation degree of the secondary
battery based on an amount of change in a state of charge of the secondary
battery over a predetermined constant-current charging period of the secondary
battery, and a calculating unit configured to calculate a target state of charge of
the secondary battery by correcting the temporary target state of charge in
accordance with the degradation degree.

[0008]

With the configuration described above, the degradation degree of the
secondary battery in the present state is estimated each time based on the
amount of change in the state of charge of the secondary battery over the
constant-current charging period that is performed in a charging period,
whereby the degradation degree of the secondary battery can be more
accurately calculated. The temporary target state of charge set based on the
target power amount is corrected in accordance with the degradation degree to
determine the target state of charge of the secondary battery. Thus, the power
can be more reliably stored in the secondary battery with respect to the target
power amount, by taking the shortage of the charging capacity due to the
degradation into consideration.

[0009]

The target state of charge of the secondary battery can be appropriately
set by taking the degradation degree in the present state into consideration, and
thus the secondary battery is prevented from being maintained in an
excessively high charge state, whereby the reduction of battery life can be
suppressed.

[0010]
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In the secondary battery management system described above, the
estimating unit may estimate the degradation degree of the secondary battery
based on a ratio between a state of charge change rate that is an amount of
change in a state of charge of the secondary battery in a present state over the
constant-current charging period and an initial state of charge change rate of a
change in the secondary battery in an initial state over the constant-current
charging period.

[0011]

With the configuration described above, the degradation degree in the
present state is estimated in accordance with a ratio between the state of charge
change rate in a present state and the initial state of charge change rate of the
secondary battery, and thus the degradation degree can be easily estimated.
Here, the initial state of charge change rate of the secondary battery is an
amount of change in the state of charge of the secondary battery over the
predetermined constant-current charging period, which is checked when the
secondary battery is in the initial state (state before the degradation, such as
during test operation adjustment, for example).

[0012]

In the secondary battery management system described above, the
constant-current charging period may be set based on a sampling period related
to measurement of the state of charge of the secondary battery, such that a
measurement error is smaller than an upper limit value set in advance.

[0013]

With the configuration described above, with setting the constant-
current charging period based on the sampling period, the constant-current
charging period can be set with the measurement error being smaller than an
upper limit value set in advance, whereby the degradation degree of the
secondary battery can be more accurately estimated. An excessively short
constant-current charging period for estimating the degradation degree relative
to the sampling period related to the measurement of the state of charge might
lead to a large measurement error.

[0014]

In the secondary battery management system described above, the
calculating unit may issue a warning notification when the target state of
charge is outside a state of charge allowable range set in advance.

[0015]
With the configuration described above, when the secondary battery is

charged using a target state of charge outside the state of charge allowable
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range, safe operation may not be possible. Thus, the warning notification is
issued for improving safety.
[0016]

The secondary battery management system described above may further
include a charging control unit configured to start constant-current charging of
the secondary battery when the state of charge of the secondary battery reaches
a reference state of charge.

[0017]

With the configuration described above, the constant-current charging
starts when the state of charge reaches the reference state of charge, and thus
the state of charge of the secondary battery at which the constant-current
charging starts can be uniformly set. Thus, an appropriate setting can be
achieved for performing under the same condition of the state of the secondary
battery in the constant-current charging period for estimating the degradation
degree, whereby the degradation degree can be more accurately estimated.
[0018]

A second aspect of the present disclosure is a secondary battery system
including, a secondary battery, a charging/discharging device configured to
control a charging/discharging amount of current flowing through the
secondary battery, and the secondary battery management system described
above.

[0019]

A third aspect of the present disclosure is a secondary battery
management method including, setting a temporary target state of charge of a
secondary battery based on a target power amount, estimating a degradation
degree of the secondary battery based on an amount of change in a state of
charge of the secondary battery over a predetermined constant-current charging
period of the secondary battery, and calculating a target state of charge of the
secondary battery by correcting the temporary target state of charge in
accordance with the degradation degree.

[0020]

A fourth aspect of the present disclosure is a secondary battery
management program that causes a computer to execute, setting processing of
setting a temporary target state of charge of a secondary battery based on a
target power amount, estimation processing of estimating a degradation degree
of the secondary battery based on an amount of change in a state of charge of
the secondary battery over a predetermined constant-current charging period of

the secondary battery, and calculation processing of calculating a target state of
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charge of the secondary battery by correcting the temporary target state of

charge in accordance with the degradation degree.

Advantageous Effects of Invention
[0021]
The present disclosure provides an effect of enabling a target state of
charge of a secondary battery to be appropriately set by taking a degradation

degree into consideration.

Brief Description of Drawings
[0022]

FIG. 1 is a diagram illustrating a schematic configuration of a secondary
battery system according to an embodiment of the present disclosure.

FIG. 2 is a functional block diagram illustrating functions of the
secondary battery management system according to an embodiment of the
present disclosure.

FIG. 3 is a diagram illustrating the charged state over time of a
secondary battery in the secondary battery management system according to an
embodiment of the present disclosure.

FIG. 4 is a diagram illustrating a relationship between efficiency of a
charging/discharging device and the state of charge of the secondary battery in
the secondary battery management system according to an embodiment of the
present disclosure.

FIG. 5 is a graph illustrating an example of a relationship between a
constant-current charging period and an error in the secondary battery
management system according to an embodiment of the present disclosure.

FIG. 6 is a flowchart illustrating target state of charge calculation
processing executed by the secondary battery management system according to
an embodiment of the present disclosure.

FIG. 7 is a diagram illustrating an example of a relationship between a

degradation ratio and a maintained period of the secondary battery.

Description of Embodiments
[0023]
An embodiment of a secondary battery management system, a secondary
battery management method and a secondary battery management program of

the secondary battery management system, and a secondary battery system



10

15

20

25

30

35

according to the present disclosure will be described below with reference to
the drawings.

FIG. 1 is a diagram illustrating a schematic configuration of a secondary
battery system 1 including a secondary battery management system 4 according
to an embodiment of the present disclosure. As illustrated in FIG. 1, the
secondary battery system 1 according to the present embodiment includes a
secondary battery 2, a charging/discharging device 3, and the secondary battery
management system 4 as main configurations, and the secondary battery system
1 is connected to a power grid 5 and a power-consuming facility 6.

[0024]

The secondary battery 2 is a device capable of storing and discharging
power. For example, the secondary battery 2 is configured by a plurality of unit
secondary batteries combined to achieve desired voltage and capacity. The
secondary battery 2 may be configured by a single unit secondary battery. The
secondary battery 2 is configured using, for example, a lithium-ion secondary
battery, a lead secondary battery, a nickel hydrogen secondary battery, a sodium
sulfur battery (NaS), or the like.

[0025]

The charging/discharging device 3 controls the charging/discharging
amount flowing through the secondary battery 2. Specifically, the
charging/discharging device 3 performs charging/discharging control on the
secondary battery 2 to bring the state of charge of the secondary battery 2
closer to the target state of charge of the secondary battery 2 set in the
secondary battery management system 4 described later. A voltmeter that
measures the open end voltage of the secondary battery 2 is connected to the
charging/discharging device 3.

[0026]

The charging/discharging device 3 is connected to the power grid 5 and
the secondary battery 2, and causes the power to flow. For example, the power
grid 5 is a power distribution network that connects a power generation facility
and a consumer to each other, and has three-phase alternating current power
flowing therein. Thus, when charging the secondary battery 2, the
charging/discharging device 3 converts the three-phase alternating current into
direct current to make the power flow from the power grid 5 to the secondary
battery 2. When discharging the secondary battery 2, the charging/discharging
device 3 converts the direct current into three-phase alternating current to make
the power flow from the secondary battery 2 to the power-consuming facility 6

or the power grid 5.



10

15

20

25

30

35

[0027]

The state of charge (SOC) of the secondary battery 2 is a ratio of the
remaining charge (the amount of power charged in the secondary battery 2) to
the full charge state. Thus, for example, if the remaining charge is 0, the state
of charge is 0%, and if the remaining charge is a fully charged state, the state of
charge is 100%. The state of charge of the secondary battery 2 is correlated to
the open end voltage of the secondary battery 2 (the output voltage in an OCV
open state (zero output current)), and may be expressed, for example, as SOC-
OCYV characteristics. Thus, when a correlation such as the SOC-OCV
characteristics is obtained for the characteristics of the secondary battery 2 in
advance, the present state of charge of the secondary battery 2 can be estimated
from the present open end voltage of the secondary battery 2.

[0028]

The charging/discharging device 3 charges the secondary battery 2 such
that the open end voltage of the secondary battery 2 reaches the open end
voltage corresponding to the target state of charge (SOCtemp and SOCt
described later). The applicable value is not limited to the open end voltage, as
long as the state of charge of the secondary battery 2 can be estimated.

[0029]

Upon receiving a command from the secondary battery management
system 4 to charge the secondary battery 2 to the target state of charge, the
charging/discharging device 3 charges the secondary battery 2, where at least a
part of the charging time is spent for constant-current charging. The constant-
current charging described herein is a charging method in which the secondary
battery 2 is charged by being supplied with a predetermined constant voltage
set in advance.

[0030]

The secondary battery management system 4 controls
charging/discharging of the secondary battery 2. Specifically, the secondary
battery management system 4 controls charging and discharging of the
secondary battery 2 by controlling the charging/discharging device 3, and thus
manages the charged state of the secondary battery 2. In particular, the
secondary battery management system 4 of the present embodiment sets the
target state of charge of the secondary battery 2 by taking the degradation
degree of the secondary battery 2 into consideration.

[0031]
When the secondary battery 2 degrades further, the chargeable capacity

is lowered. Thus, the power storage amount of the degraded secondary battery 2
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charged to a certain state of charge (SOCtemp described later) is smaller than
the power storage amount of the secondary battery 2, with no degradation,
charged to the same state of charge. This means that unless the influence of the
degradation is taken into consideration, the power storage amount of the
secondary battery 2 becomes small and the amount of electricity that needs to
be discharged might fail to be stored. In view of this, the secondary battery
management system 4 sets the target state of charge by taking the degradation
degree of the secondary battery 2 into consideration, whereby the amount of
energy required can be reliably stored in the secondary battery 2 without being
too much or too small.

[0032]

The secondary battery management system 4, for example, is configured
of a central processing unit (CPU), a memory such as a random access memory
(RAM), and a computer readable recording medium (which are not illustrated).
A sequence of processing for implementing various functions described below
is stored on a recording medium or the like in the form of a program, and the
various functions described below are implemented by the CPU loading this
program into the RAM or the like, and executing information processing and
calculation processing. As the program, a program pre-installed in the ROM or
another storage media, a program provided in a state of being stored in a
computer readable storage medium, a program distributed through wired or
wireless communication methods, or the like may also be used. Examples of the
computer-readable storage medium include a magnetic disk, a magneto-optical
disk, a CD-ROM, a DVD-ROM, and a semiconductor memory.

[0033]

FIG. 2 is a functional block diagram illustrating functions of the
secondary battery management system 4. As illustrated in FIG. 2, the secondary
battery management system 4 includes a setting unit 21, a charging control unit
22, an estimating unit 23, and a calculating unit 24.

[0034]

The setting unit 21 sets a temporary target state of charge (SOCtemp
described later) of the secondary battery 2 based on a target power amount
supplied from the secondary battery system 1. The target power amount is the
amount of power required in a discharge period until the next charge. Thus, the
target power amount is stored in the secondary battery 2 while taking the
efficiency of the charging/discharging device 3 into consideration, and is
extracted as discharge from the secondary battery 2 when required to be used

for power demand during the discharge period until the next charge. The target
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power amount is scheduled based on an operation plan or the like for the
discharge period until the next charge (for example, the next day) in the power-
consuming facility 6 to which the secondary battery system 1 is applied. For
example, when the system is applied to a thermal power plant or the like, the
target power amount is an amount of power set for the purpose of suppressing
sudden fluctuation occurring during the daytime of the next day, against an
overall total power variation schedule of the power-consuming facility 6 in the
power grid 5 linked with the thermal power plant. When the system is applied
to a factory or the like serving as the power-consuming facility 6, the target
power amount is set as power for achieving peak cut in daytime, based on the
operation plan for the factory or the like. How the target power amount is set is
not limited, as long as the amount is scheduled for the discharge period until
the next charge, and the amount of power that needs to be stored can be
identified.

[0035]

The setting unit 21 calculates a temporary target state of charge
(SOCtemp described later) for storing the target power amount in the secondary
battery 2 based on the target power amount set. The temporary target state of
charge is the state of charge of the secondary battery 2 when the target power
amount is stored in the secondary battery 2 in the initial state of the secondary
battery 2 or in a state with no reduction in the chargeable capacity of the
secondary battery 2. For the actual target state of charge (SOCt described
below), the calculating unit 24 to be described below corrects the temporary
target state of charge based on the degradation degree.

[0036]

The charging control unit 22 starts the constant-current charging for the
secondary battery 2 when the state of charge of the secondary battery 2 reaches
a certain predetermined reference state of charge initially set. FIG. 3 is a
diagram illustrating the charged state over time of the secondary battery 2 as an
example of the present embodiment. FIG. 3 illustrates an example of a case in
which the state of charge of the secondary battery 2 is at the reference state of
charge at a time point t1. As shown in FIG. 3, the constant-current charging is
initiated at the time point t1. The charging control unit 22 outputs a constant-
current charging start command to the charging/discharging device 3. In the
present embodiment, the charging control unit 22 starts the constant-current
charging when the state of charge of the secondary battery 2 is at the certain

predetermined reference state of charge initially set. Alternatively, the constant-
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current charging may start without the state of charge being at the reference
state of charge, and even start with the present state of charge for example.
[0037]

The efficiency of the charging/discharging device 3 varies depending on
the state of charge (output voltage) of the secondary battery 2. FIG. 4 is a
diagram illustrating the relationship between the efficiency of the
charging/discharging device 3 and the state of charge of the secondary battery
2. In FIG. 4, the vertical axis represents the efficiency (%) of the
charging/discharging device 3, and the horizontal axis represents the output (%)
of the charging/discharging device 3. FIG. 4 illustrates characteristics of each
SOC (output voltage based on the state of charge) of the secondary battery 2 as
a parameter. The secondary battery 2 has an SOC parameter satisfying the
relationship SOC1 < SOC2 < SOC3 < SOC4. Decreased efficiency of the
charging/discharging device 3 occurs mainly due to heat loss of a circuit inside
the charging/discharging device 3. The efficient output range of the
charging/discharging device 3 depends on the SOC of the secondary battery 2,
as indicated. Thus, the charging control unit 22 sets in advance the
predetermined constant current value for the constant-current charging to
increase the efficiency of the charging/discharging device 3 according to the
operation status of the secondary battery system 1, and causes the constant-
current charging to be executed using this predetermined constant current
value.

[0038]

Specifically, as illustrated in FIG. 4, when the state of charge of the
secondary battery 2 is SOC2, the maximum efficiency is achieved with the
output of the charging/discharging device 3 being about the half of the rated
current. The SOC2 is, for example, 30% SOC in the present embodiment. Thus,
when the state of charge of the secondary battery 2 reaches a reference state of
charge, the constant-current charging for the secondary battery 2 starts with
SOC2 being a reference charge amount. This configuration makes it possible to
execute constant-current charging, while the efficiency of the
charging/discharging device 3 is improved. In the present embodiment, a
charging start condition is managed with the predetermined reference state of
charge set to, for example, 30% + 5%, so that the state of the secondary battery
in the constant-current charging period for estimating the degradation degree
can be implemented under the same conditions. When the state of charge of the
secondary battery 2 has not reached the reference state of charge before the

constant-current charging starts, the constant-current charging may start after
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the state of charge of the secondary battery 2 has reached the reference state of
charge due to the charging or discharging caused by an operation of the
secondary battery system 1, or the constant-current charging may start after the
state of charge has reached the reference state of charge by controlling the
secondary battery 2 to actively perform charging/discharging.

[0039]

As illustrated in FIG. 4, when the SOC is SOCI1, the efficiency of the
charging/discharging device 3 tends to be the highest with the output of the
charging/discharging device 3 being equal to or lower than the rated current.
However, this operation is performed in a state in which the state of charge of
the secondary battery 2 is less than 30% (the state close to the operation lower
limit value), and this is not preferable in terms of the secondary battery 2
degrading due to overdischarge and equipment capacity for securing the
required storage capacity. When the SOC is SOC4, the overall efficiency of the
charging/discharging device 3 tends to be low. Further, operation is performed
in a state where the state of charge is high (close to the operation upper limit
value), and this is not preferable in terms of the risk of the secondary battery 2
degrading due to overcharging.

[0040]

The charging control unit 22 performs the constant-current charging in
the constant-current charging period that is set in advance in accordance with
the reference state of charge. The constant-current charging period is a
predetermined period of time during which the constant-current charging is
performed, and is denoted by AT (end time point t2 - start time point t1) in
FIG. 3. The constant-current charging period is a period (degradation
estimation period) during which the estimating unit 23 (described later)
estimates the degradation degree in the present state. To accurately estimate the
degradation degree, the constant-current charging period needs to be
appropriately set. During the constant-current charging period, the state of
charge of the secondary battery 2 is measured at a predetermined sampling
period. Thus, an excessively short constant-current charging period relative to
the sampling period might result in a large measurement error. FIG. 5 is a graph
illustrating an example of the relationship between the constant-current
charging period and an error of the measurement target in a case where the
sampling period is one second. For example, the sampling period of one second
may result in the maximum sampling error of +1 second, that is, two seconds.

Considering this, to control the error amount of the measured state of charge to



10

15

20

25

30

35

12

be within 0.5%, the constant-current charging period needs to be 400 seconds
or more (dividing two seconds by 0.5%).
[0041]

On the other hand, a long constant-current charging period may cause
the state of charge of the secondary battery 2 to reach the temporary target state
of charge before the degradation degree is estimated. Thus, it is appropriate to
set to the constant-current charging period to be within about 5 to 10 minutes.
Specifically, the constant-current charging period is set based on the sampling
period related to the measurement of the state of charge of the secondary
battery 2, to make the measurement error smaller than the upper limit value set
in advance. The constant-current charging period can be set to be the shortest
possible period, by setting the measurement error to be the upper limit value set
in advance based on the sampling period.

[0042]

After the constant-current charging period has elapsed, the charging
control unit 22 still performs the constant-current charging, and performs the
charging until the target state of charge calculated by the calculating unit 24
described below is achieved. After the constant-current charging period has
elapsed, the constant-current charging may not be performed until the target
state of charge is achieved. For example, when there is not much charging time
until the discharge start time for the operation of the secondary battery system
1, the time required until the charging is completed may be shortened through
quickly charging by increasing the current amount after the constant-current
charging period has elapsed.

[0043]

The estimating unit 23 estimates the degradation degree of the secondary
battery 2 in the present state based on the amount of change in the state of
charge of the secondary battery 2 changed during the predetermined constant-
current charging period (set in advance based on FIG. 5 for example) with the
predetermined constant current value (set in advance based on FIG. 4 for
example) of the secondary battery 2. Specifically, the estimating unit 23
estimates the degradation degree of the secondary battery 2 in the present state,
based on a ratio between a state of charge change rate in the present state that is
an amount of change in the state of charge of the secondary battery 2 changed
during the constant-current charging period and an initial state of charge
change rate of the secondary battery 2 in the initial state. Here, the initial state
of charge change rate is an amount of change in the state of charge of the

secondary battery 2 changed during the predetermined constant-current
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charging period, which is checked with the secondary battery 2 in the initial
state (in a start of usage state, before the secondary battery degrades). The
initial state of charge change rate can be checked during test operation
adjustment for example.

[0044]

When the secondary battery 2 degrades, the state of charge change rate
changes. Specifically, a larger degradation of the secondary battery 2 tends to
lead to an increase in the amount of change in the state of charge of the
secondary battery 2 changed during the constant-current charging period. For
example, the storage capacity of the secondary battery 2 decreases as
degradation progresses. Thus, when a charging/discharging time of a secondary
battery 2 with reduced storage capacity and that of a secondary battery 2 with
no reduced storage capacity are compared with the same current value, the
secondary battery 2 with the reduced storage capacity reaches the set state of
charge earlier and thus ends the discharging earlier. Thus, the degradation
degree of the secondary battery 2 can be evaluated based on the state of charge
change rate in the present state.

[0045]

In view of this, using the following Formula (1), the estimating unit 23
calculates a state of charge change rate Dd in the present state, which is the
amount of change ASOC in the state of charge of the secondary battery 2 in the
present state changed during the constant-current charging period At.

[0046]
[Math. 1]

_ ASOC
At

Dd (1

[0047]

The initial state of charge change rate of the secondary battery 2 in the
initial state is set to the estimating unit 23 in advance. The initial state is a start
of usage state in which the secondary battery 2 has not degraded. The initial
state of charge change rate is, for example, assumed to be measured during
manufacturing, testing, or the like of the secondary battery 2 and set.
Specifically, an initial state of charge change rate Ddi is calculated using the

following Formula (2) and set in advance.
[0048]
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[Math. 2]
i - ASOC )
At
[0049]

In the formula, ASOCi represents an amount of change in the initial state
of charge of the secondary battery 2 in the initial state.
[0050]

Then, the estimating unit 23 estimates the degradation degree of the
secondary battery 2 based on the state of charge change rate Dd in the present
state and the initial state of charge change rate Ddi. Specifically, the following
Formula (3) is used for calculating a degradation degree Dp.

[0051]
[Math. 3]

_Dd

-5 0

Dp

[0052]

With a ratio of the state of charge change rate Dd in the present state to
the initial state of charge change rate Ddi calculated as in Formula (3), a
change in the state of charge change rate relative to the initial state can be
quantitatively expressed as the degradation degree. The state of charge change
rate increases as the secondary battery 2 degrades. Specifically, a value equal to
or larger than 1 is obtained for the degradation degree in Formula (3), when the
degradation is occurring. When there is no degradation, the initial state of
charge change rate Ddi is equal to the state of charge change rate Dd in the
present state, and thus the degradation degree Dp = 1 holds.

[0053]

The estimating unit 23 estimates the degradation degree of the secondary
battery 2 in this manner and outputs the estimated degradation degree to the
calculating unit 24. The calculation method for the degradation degree is not
limited to the one described above, and any method may be applied as long as
the degradation degree can be quantitatively evaluated.

[0054]
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The calculating unit 24 corrects the temporary target state of charge
based on the degradation degree, and calculates the target state of charge of the
secondary battery 2. In other words, the calculating unit 24 calculates the target
state of charge in which the degradation of the secondary battery 2 is taken into
consideration. Specifically, the calculating unit 24 corrects the temporary target
state of charge SOCtemp by multiplying the temporary target state of charge by
the degradation degree, as in the following Formula (4), and calculates the final
target state of charge SOCt of the secondary battery 2.

[0055]
[Math. 4]

SOC, = SOC,,,, x Dp (4)

[0056]

When degradation has progressed, the degradation degree Dp in the
present state is a value that is equal to or larger than 1. In other words, when
degradation has progressed, the relationship SOCt > SOCtemp holds. Thus,
even when the capacity of the secondary battery 2 is lower due to such
degradation, the required target power amount can be more reliably stored in
the secondary battery 2 by setting the target state of charge SOCt to a value
larger than the temporary state of charge SOCtemp.

[0057]

As illustrated in FIG. 3, when the constant-current charging period At
ends, the calculating unit 24 calculates the target state of charge SOCt, and the
constant-current charging or charging with a varying current value is performed
until the target state of charge SOCt is achieved.

[0058]

The calculating unit 24 issues a warning notification when the target
state of charge SOCt is outside a state of charge allowable range set in advance.
The state of charge allowable range is an operation range in which the upper
limit and the lower limit of the state of charge are set in advance while taking
the degradation and safety of the secondary battery 2 into consideration. The
state of charge allowable range has an operation state of charge upper limit
value (SOC 90% for example) and an operation state of charge lower limit
value (SOC 10% for example) set in advance in accordance with identification
of charging/discharging of the secondary battery 2, or the like. For example, the

secondary battery 2 in a state beyond the state of charge allowable range is
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overcharged or overdischarged, and is in a state involving excessively quick
degradation of the secondary battery 2, which may result in a failure to
guarantee the safety of the secondary battery 2, or the like. Thus, the
calculating unit 24 determines whether the calculated target state of charge
SOCt is within the state of charge allowable range, and issues the warning
notification when the target state of charge SOCt is outside the state of charge
allowable range. For example, the warning notification is issued to an operator
in a power plant, a factory, or the like to which the secondary battery system 1
is applied. When the target state of charge SOCt is outside the state of charge
allowable range set in advance due to a temporary operation status of the
secondary battery system 1, the operator or the like may determine to
temporarily set the target state of charge SOCt to the operation upper limit
value or the operation lower limit value for the calculating unit 24, so as to be
capable of accommodating an unplanned temporary operation status in the
secondary battery system 1.

[0059]

Next, target state of charge calculation processing executed by the
secondary battery management system 4 described above will be described with
reference to FIG. 6. A flow illustrated in FIG. 6 is executed when the secondary
battery 2 starts to be charged. The charging of the secondary battery 2 may start
in response to a start instruction from the operator or the like or may start at a
time point set in advance. For example, when the secondary battery system 1 is
applied to a power plant, a time point (for example, midnight), at which the
fluctuation of power in the power grid 5 linked with the power plant is
expected to be low and at which extra power is available to be stored in the
secondary battery 2, is set in advance. For example, when the secondary battery
system 1 is applied to a factory, the execution is performed at night for
achieving the power consumption peak cut in the operation plan for the next
day.

[0060]

First, the temporary target state of charge of the secondary battery 2 is
set based on the target power amount supplied from the secondary battery
system 1 (S101).

[0061]

Next, the predetermined constant-current charging of the secondary
battery 2 starts from the predetermined reference state of charge (S102).
[0062]
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Next, based on the amount of change in the state of charge of the
secondary battery 2 changed during the predetermined constant-current
charging period, the degradation degree of the secondary battery 2 in the
present state is estimated (S103).

[0063]

Next, the temporary target state of charge is corrected based on the
degradation degree, and the final target state of charge of the secondary battery
2 is set (S104).

[0064]

The secondary battery 2 is likely to degrade when maintained at a high
charge state for a long period of time. FIG. 7 illustrates the relationship
between the degradation ratio and the maintained period of the secondary
battery 2 for each state of charge (SOC). As illustrated in FIG. 7, a longer
maintained period of the secondary battery 2 in the high charge state results in
a higher degradation ratio. FIG. 7 illustrates an example of a change in the
degradation rate with the state of charge SOC being a parameter, based on the
maintained time and the degradation rate measured with the state of charge
SOC = 100%. Thus, suppression of the degradation of the secondary battery 2
can be facilitated with the secondary battery 2 maintained in a state with a
lowest possible state of charge while guaranteeing the storage of the required
target power amount, without making the state of charge excessively high. In
view of this, in the secondary battery system 1, the target state of charge of the
secondary battery 2 can be set by taking the degradation into consideration, to
thereby prevent the secondary battery 2 from being maintained in the
excessively high charge state. As a result, the progression of the degradation of
the secondary battery 2 can be suppressed.

[0065]

As described above, with the secondary battery management system, the
secondary battery management method and the secondary battery management
program of the secondary battery management system, and the secondary
battery system according to the present embodiment, the degradation degree of
the secondary battery 2 in the present state is estimated based on the amount of
change in the state of charge of the secondary battery 2 during the constant-
current charging period. Thus, the degradation degree of the secondary battery
2 can be more accurately estimated. The temporary target state of charge set
based on the target power amount is corrected in accordance with the
degradation degree to determine the target state of charge of the secondary

battery 2. Thus, the target power amount can be more reliably stored in the
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secondary battery 2, by taking the shortage of the capacity due to the
degradation in the present state into consideration.
[0066]

The target state of charge of the secondary battery 2 can be
appropriately set by taking the degradation degree into consideration, and thus
the secondary battery 2 is prevented from being maintained at an excessively
high charge state, whereby the reduction of battery life can be suppressed.
[0067]

The degradation degree in the present state is estimated based on a ratio
between the state of charge change rate of the secondary battery 2 in the
present state and the initial state of charge change rate, and thus the
degradation degree can be easily estimated. Here, the initial state of charge
change rate of the secondary battery 2 is an amount of change in the state of
charge of the secondary battery 2 changed during the predetermined constant-
current charging period, with the secondary battery 2 being in the initial state
(state before the degradation).

[0068]

An excessively short constant-current charging period for estimating the
degradation degree relative to the sampling period related to the measurement
of the state of charge might lead to a large measurement error. Thus, with the
constant-current charging period set based on the sampling period, the
constant-current charging period can be set with the measurement error being
smaller than an upper limit value set in advance, whereby the degradation
degree of the secondary battery 2 can be more accurately estimated.

[0069]

When the secondary battery 2 is charged using a target state of charge
outside the state of charge allowable range, safe operation may not be possible.
Thus, the warning notification is issued for improving safety.

[0070]

The state of charge of the secondary battery 2 at which the constant-
current charging starts is uniformly set, so that the constant-current charging
starts when the state of charge reaches the reference state of charge. Thus, the
charging start condition can be managed for performing the constant-current
charging under the same condition of the state of the secondary battery 2. Thus,
an appropriate state of the secondary battery 2 in the constant-current charging
period for estimating the degradation degree in the present state can be

achieved, and the degradation degree can be more accurately estimated.
[0071]
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The present disclosure is not limited to the embodiments described
above, and various modifications within the scope of the disclosure can be
made.

[0072]

For example, the secondary battery system 1 can be used for thermal
power plants for suppressing sharp power fluctuations, and can be used for a
factories and power consumption regions to implement peak cut and ancheri
services (buying and selling power from/to a power company). The secondary
battery system 1 is applicable to various facilities requiring the secondary

battery 2 to be installed, and is not limited to power plants and factories.

Reference Signs List
[0073]
1 Secondary battery system
2 Secondary battery
3 Charging/discharging device
4 Secondary battery management system
5 Power grid
6 Power-consuming facility
21 Setting unit
22 Charging control unit
23 Estimating unit
24 Calculating unit
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Claims

[Claim 1]

A secondary battery management system comprising:

a setting unit configured to set a temporary target state of charge of a
secondary battery based on a target power amount;

an estimating unit configured to estimate a degradation degree of the
secondary battery based on an amount of change in a state of charge of the
secondary battery over a predetermined constant-current charging period of the
secondary battery; and

a calculating unit configured to calculate a target state of charge of the
secondary battery by correcting the temporary target state of charge in

accordance with the degradation degree.

[Claim 2]

The secondary battery management system according to claim 1,
wherein the estimating unit estimates the degradation degree of the secondary
battery based on a ratio between a state of charge change rate that is an amount
of change in a state of charge of the secondary battery in a present state over
the constant-current charging period and an initial state of charge change rate
of a change in the secondary battery in an initial state over the constant-current

charging period.

[Claim 3]

The secondary battery management system according to claim 1 or 2,
wherein the constant-current charging period is set based on a sampling period
related to measurement of the state of charge of the secondary battery, such that

a measurement error is smaller than an upper limit value set in advance.

[Claim 4]

The secondary battery management system according to any one of
claims 1 to 3, wherein the calculating unit issues a warning notification when
the target state of charge is outside a state of charge allowable range set in

advance.

[Claim 5]
The secondary battery management system according to any one of

claims 1 to 4, further comprising a charging control unit configured to start
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constant-current charging of the secondary battery when the state of charge of

the secondary battery reaches a reference state of charge.

[Claim 6]

A secondary battery system comprising:

a secondary battery;

a charging/discharging device configured to control a
charging/discharging amount of current flowing through the secondary battery;
and

the secondary battery management system described in any one of

claims 1 to 5.

[Claim 7]

A secondary battery management method comprising:

setting a temporary target state of charge of a secondary battery based on
a target power amount;

estimating a degradation degree of the secondary battery based on an
amount of change in a state of charge of the secondary battery over a
predetermined constant-current charging period of the secondary battery; and

calculating a target state of charge of the secondary battery by correcting

the temporary target state of charge in accordance with the degradation degree.

[Claim 8]

A secondary battery management program that causes a computer to
execute:

setting processing of setting a temporary target state of charge of a
secondary battery based on a target power amount;

estimation processing of estimating a degree of the secondary battery
based on an amount of change in a state of charge of the secondary battery over
a predetermined constant-current charging period of the secondary battery; and

calculation processing of calculating a target state of charge of the
secondary battery by correcting the temporary target state of charge in

accordance with degradation of the degradation degree.
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