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DESCRIPTION

SECONDARY BATTERY MANAGEMENT DEVI CE AND SECONDARY BATTERY

MANAGEMENT PROGRAM

Field
[ 0001] The present invention relates to management of
secondary batteries and, in particular, to a techno

managing fees for using secondary batteries.

Background

[ 0002] The market of secondary batteries has been
steadily growing. Secondary batteries have been us

wide range of products such as electric vehicles, m
terminals, power-assisted bicycles, and uninterrupt

power  supply  systems. Secondary  batteries  are
characteristic in being usable for a long term by r

charge and discharge. Secondary batteries vary fro

size and low-cost ones to large-size and high-cost
depending on intended uses thereof. Typically, a u

purchased a secondary battery purchases another sec

battery at the end of the product life of the previ

battery.
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[ 0003] Patent Literature 1: JP 2011-055638 A

Summary

Technical Problem

[ 0004] Purchase of secondary batteries can be a large

burden on some users. The price of a secondary bat tery may

account for a major part of the base price of some

electronic equipment. The present inventors have ¢ onceived
an idea that lending or transferring secondary batt eries to
users for free and charging fees for using the seco ndary
batteries may encourage users to introduce secondar y
batteries.

[ 0005] There are various possible ways for determining

the use fee of a secondary battery. For example, a flat use
fee per a unit period may be charged. This way of charging,
however, is disadvantageous to users who use second ary
batteries only a little because the flat use fee is charged
even when the secondary battery is not used. Moreo ver, this
way of charging might even encourage some users, wh 0 pay the
flat use fees and want to get their money’s worth t herefrom,

to make wasteful use of secondary batteries.

[ 0006] Patent Literature 1 does not relate to lending

or transferring of secondary batteries, but propose s a
method for charging fees depending on the amounts o f charge
of secondary batteries. There is thus a way of cha rging use

fees on a pay-for-use basis depending on the amount s of
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charge or the number of times of charge of secondar y
batteries. This way of charging, however, may have risks of
failure of sensors for measuring the amounts of cha rge or
the like and data falsification. While more and mo re
secondary batteries have been distributed, there ha s been no
proposal of a fee charging system aimed at increasi ng the

lives of secondary batteries.

[ 0007] The present invention has been achieved on the

basis of recognition of the aforementioned problems , and a
chief object thereof is to provide a technology for

reasonable calculation of fees for using secondary batteries.

Solution to problem

[ 0008] A secondary battery management device according
to an aspect of the present invention is connected with
electronic equipment using a secondary battery as a driving

power supply via a communication network.
The device includes: a performance information
acquiring unit to acquire performance information o f the

secondary battery from the electronic equipment; a

degradation measuring unit to measure a degradation level of

performance of the secondary battery during a prede termined
unit period; and a fee calculating unit to calculat e a use
fee of the secondary battery for the unit period de pending

on the degradation level.
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Advantageous Effects of Invention
[ 0009] The present invention facilitates reasonable

calculation of fees for use of secondary batteries.

Brief Description of Drawings
[ 0010] FIG. 1 is a hardware configuration diagram of a
secondary battery management system.

FIG. 2 is a graph schematically illustrating an ag
degradation pattern of a secondary battery.

FIG. 3 is a functional block diagram of a secondar
battery management device.

FIG. 4 is a data structure table of battery manage
information.

FIG. 5 is a flowchart illustrating processes for
calculation of use fees.

FIG. 6 is a flowchart illustrating processes for
ordering secondary batteries.

FIG. 7 is a data structure table of degrading beha
history information.

FIG. 8 is a graph schematically illustrating an ag
degradation pattern of a secondary battery dependin
history.

FIG. 9 is a data structure table of behavior aggre
information.

FIG. 10 is a functional block diagram of a seconda

battery according to a second embodiment.
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FIG. 11 is a circuit diagram of a measurement circ
that measures discharge capacity of a secondary bat
FIG. 12 is a graph illustrating degradation of SOH

(capacity maintenance rate) as a secondary battery

Description of Embodiments
[ 0011]
secondary batteries is collected via a communicatio

will be described as a first embodiment, and a syst
which information is saved in secondary batteries a
collected at replacement or charging of the seconda
batteries will be described next as a second embodi
The first embodiment and the second embodiment will
collectively referred to as “the embodiments”, or w
referred to as “the present embodiment” when the em

are not particularly distinguished from each other.
information is collected at replacement in the desc

below,

information may be collected at charging. |

addition, while application to secondary batteries
described in the embodiments, a similar system can
for fuel cells.

[ 0012] [First Embodiment]

FIG. 1 is a hardware configuration diagram of a

secondary battery management system 200.

In the secondary battery management system 200, a

mobile terminal 202, an electric vehicle 204, an ai

Hereinafter, a system in which information on

uit

tery.

is used.
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206, a ship 208, and the like that use secondary ba tteries
as driving power supplies are connected with a seco ndary

battery management device 100 via the Internet 212.

Hereinafter, devices and equipment that use the sec ondary
batteries as driving power supplies will collective ly be
referred to as “electronic equipment 210”. Each of the
secondary batteries is leased from an operator (her einafter
referred to as a “system operator”) of the secondar y battery
management device 100. Users of the electronic equ ipment
210 need not purchase secondary batteries but lease s the
secondary batteries from the system operator and re gularly
pay the fees for use of the secondary batteries. | n the
present embodiment, the fee for use of a secondary battery
is determined on the basis of the degradation level of the
secondary battery (details of the degradation level will be

described later).

[ 0013] The secondary battery management device 100 is

also connected with a secondary battery manufacture r 216
that manufactures secondary batteries, and a financ ial
institution 214 that settles payments of use fees. The
secondary battery management device 100 periodicall y
measures the degradation level each secondary batte ry. In
the present embodiment, the degradation level is me asured
monthly. For example, when the secondary battery o f the
electric vehicle 204 has a degradation level of 5% on

October 31, and a degradation level of 8% on Novemb er 30,
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the use fee of November is determined on the basis of a
degradation level of 3% (=8-5). The secondary batt ery
management device 100 notifies the user of the elec tric
vehicle 204 of the use fee, and the user pays the u se fee

through the financial institution 214.

[ 0014] When the degradation level of a secondary

battery becomes a predetermined value or higher, th e
secondary battery management device 100 notifies th e user
that the secondary battery is to be replaced. In t his case,
the secondary battery management device 100 instruc ts the

secondary battery manufacturer 216 to deliver a new

secondary battery to the user, and the secondary ba ttery
manufacturer 216 collects the used secondary batter y. The
secondary battery management device 100 can also ma nage the
replacement timings of secondary batteries of the e lectronic
equipment 210, and notify the secondary battery man ufacturer

216 of a production forecast.

[ 0015] The secondary battery management device 100 also

collects various information data from users of sec ondary
batteries. The secondary battery management device 100
collects data indicating the usage of secondary bat teries,
and feeds back (provides information on) the collec ted data
to the developers of the secondary batteries and th e
developers of the electronic equipment 210, details of which

will be described later. Through such provision of

information, the system operator cooperates towards
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development of secondary batteries and electronic e
210 using the secondary batteries.

In the description below, electronic equipment 210
identified by an “equipment ID”, the user of the el
equipment 210 is identified by a “user ID”, and a s
battery is identified by a “battery ID".
[ 0016] FIG. 2 is a graph schematically illustrating an
aging degradation pattern of a secondary battery.

The horizontal axis represents time, and the verti
axis represents the performance of the secondary ba
The secondary battery performance is expressed by i
resistance, discharge capacity, electromotive force
(voltage), current during charge and discharge, and
as indices. Herein, the discharge capacity of a se
battery is presented as a typical example of the
“performance”. Each time a secondary battery repea
and discharge, the discharge capacity (output) grad
decreases.
[ 0017] Time point t0 corresponds to the timing of the
beginning of use of a secondary battery subjected t
measurement. The discharge capacity at this point
initial  capacity. In the present embodiment, the
degradation level is defined as degradation level (
100x{(initial capacity)—(measured capacity)}/(initi
capacity). The measured capacity refers to the dis

capacity of the secondary battery at a measurement
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point. At time point tO, the initial capacity is e

the measured capacity, and the degradation level is
0(%). Assume that the secondary capacity is to be
when the degradation level of the secondary battery

or higher, or in other words, when the measured cap
80(%) of the initial capacity. The degradation lev
replacement, that is 20(%) in the example above, wi
referred to as “degradation threshold”.

[ 0018] Time point t1 is a time point a predetermined
unit period after time point t0, such as one month

time point t0. At this point, the measured capacit

90(%) of the initial capacity, and the degradation

10(%). Because the secondary battery has degraded

during a unit period T1 from time point tO to time

the secondary battery management device 100 determi

use fee of the secondary battery during the unit pe

on the basis of 10(%) that is the amount of change
degradation level. In a case where the use fee per
degradation level of 1(%) is JPY 1,000, the use fee
secondary battery during the unit period T1 is JPY
(=1,000x10).
[ 0019] Time point t2 is a time point a unit period (one
month) after time point t1. The degradation level

point t2 is assumed to be 15%. Because the seconda

battery has degraded by 5(%) during a unit period T

time point t1 to time point t2, the secondary batte

qual to
thus
replaced
is 20(%)
acity is
el at

Il be

after

y is
level is

by 10(%)
point t1,

nes the

riod T1

in the

of the

10,000
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management device 100 calculates the use fee of the second
battery during the wunit period T2 to be JPY 5,000
(=1,000x5). In this manner, the secondary battery
management device 100 determines the use fee of the second

battery on the basis of the amount of change in the

degradation level of the secondary battery during e ach unit
period.

[ 0020] In FIG. 2, assume that time point t2 is the

latest measurement time point. At time point t2, t he
secondary battery management device 100 also estima tes
replacement time point t3 (future time point) of th e
secondary battery. The secondary battery managemen t device
100 may estimate the replacement time point of the secondary
battery to be a time point at which a line connecti ng the
discharge capacity at time point t1 and the dischar ge
capacity at time point t2 and the degradation thres hold

intersect with each other.
[ 0021] FIG. 3 is a functional block diagram of the
secondary battery management device 100.

Respective components of the secondary Dbattery

management device 100 are implemented by hardware i ncluding
arithmetic units such as central processing units ( CPUs) and
various coprocessors, storage devices such as memor ies and

storages, and wire or wireless communication lines
connecting the components, and software for supplyi ng

processing instructions to the arithmetic units. C omputer
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programs may be constituted by device drivers, an O perating
System, various application programs on upper layer s thereof,
and libraries providing common functions to the pro grams.
Blocks described below do not represent components in
hardware units but represent bocks in functional un its. The
same is applicable to a functional block diagram of a
secondary battery 300 in a second embodiment (see F IG. 10).
[ 0022] The secondary battery management device 100
includes a communication unit 102, a data processin g unit
104, and a data storage unit 106.

The communication unit 102 performs communication
processing with the electronic equipment 210 and th e like
via the Internet 212. The data storage unit 106 st ores
various data. The data processing unit 104 perform S various
processes on the basis of data acquired by the comm unication
unit 102 and data stored in the data storage unit 1 06. The
data processing unit 104 also functions as an inter face
between the communication unit 102 and the data sto rage unit
106.
[ 0023] The communication unit 102 includes a reception
unit 108 that acquires data from external devices, and a
transmission unit 110 that transmits data to extern al
devices. The reception unit 108 includes a perform ance
information acquiring unit 112, a use history acqui ring unit
114, an equipment ID acquiring unit 116, a user inf ormation
acquiring unit 118, and a payment information acqui ring unit
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120.

[ 0024] The performance information acquiring unit 112
acquires performance information from the electroni
equipment 210. The performance information refers

information indicating the performance of a seconda
battery that is a driving power supply for the elec
equipment 210, such as nominal voltage, internal re

capacity, the number of charging times, charging ra

the type of the secondary battery. The use history
acquiring unit 114 acquires use history from the el
equipment 210. The use history is information indi

the manner in which the user has used the electroni
equipment 210. For example, in a case of a seconda
battery in the electric vehicle 204, information in

driving history such as sudden start and steep turn

electric vehicle 204 may be acquired as the use his

a case of a secondary battery in the mobile termina
information indicating an application executed by t

terminal 202 may be acquired as the use history. T
history may also include information on various use

such as charge timings, the amount of charge on a s
charge, and the temperature of the location of the
electronic equipment 210.

[ 0025]

equipment ID of the electronic equipment 210. The

information acquiring unit 118 acquires user inform

The equipment ID acquiring unit 116 acquires the
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from the electronic equipment 210. The user inform
refers to information representing the attributes o
user of the electronic equipment 210, such as the s
age, the place of residence, and the occupation of

When a user registers the user information on the e
equipment 210, the user information acquiring unit
collect the user information from the electronic eq

210. The payment information acquiring unit 120 re

payment completion notification from the financial

institution 214.

In addition, the reception unit 108 may regularly

acquire position information indicating the locatio

electronic equipment 210 (secondary battery).

[ 0026] The transmission unit 110 includes a degradation

estimation notifying unit 122, a fee notifying unit
replacement notifying unit 126, and an order notify
128.

The degradation estimation notifying unit 122 noti
the electronic equipment 210 of degradation estimat
degradation estimation refers to estimation on when
much a secondary battery being used will be degrade
fee notifying unit 124 notifies the electronic equi
of the use fee (an actual measured value and an est
value). The replacement notifying unit 126 notifie
user of the electronic equipment 210 of whether or

secondary battery needs replacing or a future time

ation
f each
ex, the
the user.
lectronic
118 may
uipment

ceives a
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ing unit
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which replacement will be needed. The order notify ing unit
128 instructs the secondary battery manufacturer 21 6 to

produce and deliver a secondary battery.

[ 0027] The data processing unit 104 includes a
degradation measuring unit 130, a fee calculating u nit 132,
a payment managing unit 134, an estimation unit 136 , and a

degrading behavior specifying unit 138.

As described with reference to FIG. 2, the degrada tion
measuring unit 130 calculates the degradation level of a
secondary battery. The fee calculating unit 132 ca Iculates
the use fee of a secondary battery. The payment ma naging
unit 134 manages status of payments of use fees of each user
on the basis of billing and payment completion noti fications
of the use fees of a secondary battery. The degrad ing

behavior specifying unit 138 specifies usage that
accelerates degradation of a secondary battery (her einafter

referred to as “degrading behavior”).

[ 0028] The estimation unit 136 performs various

forecasting calculations on the basis of the degrad ation
level of a secondary battery. The estimation unit 136
includes a degradation estimating unit 140, a fee e stimating

unit 142, and a replacement estimating unit 144.

As described with reference to FIG. 2, the degrada tion
estimating unit 140 estimates how the degradation o f a
secondary battery will evolve on the basis of degra dation

history of the secondary battery. The fee estimati ng unit
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142 estimates future use fees of a secondary batter
basis of the degradation estimation of the secondar
The replacement estimating unit 144 estimates repla
timing of a secondary battery.
[ 0029] FIG. 4 is a data structure table of battery
management information 150.

The battery management information 150 is stored i
the data storage unit 106. When a secondary batter
on the electronic equipment 210, the electronic equ
210 reads the battery ID set for the secondary batt
transmits the battery ID together with the equipmen
the user ID to the secondary battery management dev
In addition, the electronic equipment 210 regularly
transmits the discharge capacity (measured capacity
secondary battery as the performance information to
secondary battery management device 100. The degra
measuring unit 130 calculates the degradation level
secondary battery, and registers the calculated deg
levels in the battery management information 150.
calculating unit 132 calculates the use fee of each
secondary battery on the basis of the amount of cha
the degradation level of the secondary battery duri
period.
[ 0030]
150 illustrated in FIG. 4, a secondary battery with

battery ID = BO1 (hereinafter referred to as a “sec

According to the battery management information

y on the

y battery.

cement
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battery (B01)”) is used as a driving power supply f
electronic equipment 210 (A01) of a user (P06). Th
degradation level of the secondary battery (BO1) is

and an unpaid use fee is JPY 200. The battery mana
information 150 provides information on a large num
secondary batteries regarding who use the secondary
batteries, for what types of electronic equipment 2
secondary batteries are used, how the secondary bat

are used, and how much use fees are charged in an i

manner. The battery management information 150 may
include other information such as wuser information
registered therein.

[ 0031] Alternatively, a secondary battery itself,
instead of the electronic equipment 210, may have
communication functions. The secondary battery may

the equipment ID, the user ID, the use history, the
information, and the like from the electronic equip

and regularly transmit the performance information,

history, the equipment ID, the battery ID, the user
information, and the Ilike to the secondary battery
management device 100. Note that, for privacy prot

the user may be allowed to limit the information to
transmitted to the secondary battery management dev

by the electronic equipment 210 or the secondary ba

[ 0032] FIG. 5 is a flowchart illustrating processes for

calculation of use fees.
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The processes Iillustrated in FIG. 5 are performed
regularly at any interval such as once a week or on
The secondary battery management device 100 of the
embodiment is assumed to perform the processes illu
in FIG. 5 once a month for each user. In the expla
FIG. 5, the processes are assumed to be performed f
P1. The secondary battery management device 100 co
various information data from the electronic equipm
(S10). Specifically, the performance information a
unit information of th

112 acquires the performance

secondary battery, the wuse history acquiring unit 1
acquires the use history, the equipment ID acquirin

116 acquires the equipment ID, and the user informa

acquiring unit 118 acquires the user information of

P1.

[ 0033] The degradation measuring unit 130 calculates
the degradation level on the basis of the performan
information (discharge capacity) (S12). The degrad
measuring unit 130 wupdates the Dbattery management
information  150. Other information in the battery

management information 150 is also updated on the b
the collected information. The fee calculating uni
calculates the use fee of the secondary battery on

of the amount of change in the degradation level du
month (S14). The degradation measuring unit 130 pe

various forecasting calculations on the basis of th

ce a day.
present
strated
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or a user
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collected data (S16). Specifically, the degradatio
estimating unit 140 calculates the degrading speed
secondary battery, that is, in other words, when an
much the secondary battery will be degraded on the
degradation history obtained so far. The fee estim
unit 142 estimates the use fee up to a future time

the basis of the degradation estimation. For examp

case where the degradation level is estimated to in

3(%) during the next one month, the fee estimating
estimates the use fee for the next one month to be

(=1,000%x3). The replacement estimating unit 144 es

the replacement timing of the secondary battery.

[ 0034] The transmission wunit 110 provides various

notifications to the user P1 (S18). The degradatio
estimation notifying unit 122 provides notification
degradation estimation made by the replacement esti
unit 144, the fee notifying unit 124 notifies the u
(billed amount) and the estimated amount of the nex
of the secondary battery, and the replacement notif
126 provides notification of whether or not the sec
battery needs to be replaced or estimated replaceme

The financial institution 214 withdraws the use fe
from the account of the user P1, and transmits a pa
completion notification to the secondary battery ma

device 100. Similar processes are regularly perfor

every user.
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[ 0035] FIG. 6 is a flowchart illustrating processes for
ordering secondary batteries.

The secondary battery management device 100 perfor
the processes illustrated in FIG. 6 once a month.
secondary battery management device 100 aggregates
replacement timings of a number of secondary batter
example, the replacement estimating unit 144 aggreg
total number of secondary batteries that will need
replaced during a period from two months later to t
months later (S20). The order notifying unit 128 o
estimated number of secondary batteries from the se
battery manufacturer 216 (S22). Such a control met
enables the secondary battery manufacturer 216 to m
the secondary batteries in stock and grasp an appro
guantity of secondary batteries to be produced.

[ 0036] FIG. 7 is a data structure table of degrading
behavior history information 160.

The degrading behavior history information 160 is
stored in the data storage unit 106. The degrading
history information 160 is provided for each second
battery. In the secondary battery management devic
plurality of degrading behaviors F1 to F3 are defin
advance. For example, the degrading behavior F1 ma
sudden start of the electric vehicle 204, the degra

behavior F2 may be fast charging, and the degrading

F3 may be use of a secondary battery at a site at h
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temperature (25 °C or higher, for example). Herein

that the degrading behaviors are defined by the sys
operator.
[ 0037] In FIG. 7, the numbers of times of the degrading
behaviors F1 to F3 are extracted from the use histo

secondary battery (BOl) used by the user (P06). Th
degrading behavior specifying unit 138 updates the

behavior history information 160 each time the use

is acquired in S10 of FIG. 5. The secondary batter

is used by the electronic equipment 210 (AO1) and t

(P0O6) (see FIG. 4). According to the degrading beh
history information 160 illustrated in FIG. 7, in N

2017, the user (P06) did the degrading behavior F1
times, the degrading behavior F2 three times, and t
degrading behavior F3 0 times on the electronic equ
210(A01) using the secondary battery (BOl) as a dri
power supply.
[ 0038] Alert thresholds T1 to T3 are set in advance for
the degrading behaviors F1 to F3, respectively. As

alert threshold T1 = 5 times, the alert threshold T

times, and the alert threshold T3 = 2 times. When
number of times of a degrading behavior Fn per mont
exceeded the alert threshold Tn, the degradation es
notifying unit 122 notifies the user of the degradi

behavior Fn. For example, when the number of times

degrading behavior F1 per month has reached the ale

, assume

tem
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threshold T1 = 5 times, the degradation estimation notifying
unit 122 notifies the user of the possibility that the
degrading behavior F1 done a number of times degrad ed the
secondary battery (hereinafter referred to as a “de grading
behavior notification”). In November 2017, because none of
the number of times of the degrading behaviors exce eded the
alert thresholds, no degrading behavior notificatio n was
provided.

[ 0039] In  October 2017, the wuser (P06) did the

degrading behavior F1 eight times. Because this ex ceeds the
alert threshold T1 = 5 times, the degradation estim ation
notifying unit 122 notifies the user (P06) of the d egrading
behavior notification regarding the degrading behav ior F1.
The degrading behavior notification makes the user (PO6)
aware of the tendency of doing the degrading behavi or F1.
The user (P06) may have recognized that fast chargi ng or the
like is a degrading behavior, but is often unaware of what
degrading behavior the user (P06) actually tends to do. The
degrading behavior notification enables the user to be aware
of what behavior would minimize degradation of the secondary
battery, or in other words, what degrading behavior the user
tends to do. Appropriate degrading behavior notifi cation
can be provided on the basis of the use history of the user,
which helps the user understand how their behavior can be

changed to extend the life of the secondary battery

[ 0040] FIG. 8 is a graph schematically illustrating an
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aging degradation pattern of a secondary battery de
on use history.

The progress of degradation of a secondary battery
varies depending on the usage thereof. In one exam
degradation estimating unit 140 may classify users
plurality of types depending on the frequency of de
behaviors. For example, assume that users with the
number of times of the degrading behavior F1 descri
reference to FIG. 7 per month being smaller than fi
are classified as a type X1, users with the average
thereof being equal to or larger than five times an
than 15 times are classified as a type X2, and user
the average number thereof being equal to or larger
times are classified as a type X3. A user of the t
considered as being more likely to degrade the seco
battery than a user of the type X1. In the data st
unit 106, aging degradation patterns of secondary b
associated with the types X1 to X3 are defined in a
[ 0041]
secondary battery (B10) is estimated. Assume that
(P55) of the secondary battery (B10) is of the type
according to the past use history of the user (P55)
this case, the degradation estimating unit 140 esti
degrading speed, the use fee, the replacement timin
the like of the secondary battery (B10) on the basi

aging degradation pattern defined in association wi

Next, assume a case where degradation of a new
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type X3. According to FIG. 8, the user (P55) is es

to face the need to replace the secondary battery (

time point t4 (one and a half months later, for exa
which is relatively close to the time point tO that
beginning of use. Such a control method enables es

of a future degrading speed of a secondary battery

of the use history of the user of the secondary bat
addition, when data indicating that many of users b

to the type X3 have actually used the secondary bat
longer than the time point t4 (one and a half month

are obtained, the degradation estimating unit 140 m

the aging degradation pattern (model) associated wi
type X3.
[ 0042]
use history other than degrading behaviors. The de
speed of a secondary battery may vary depending on
the place of residence (whether it is a warm area o
area), and the age of the user. For example, in a
where statistical data indicating that users living
Nagano Prefecture are significantly likely to degra
secondary battery than users living in Gifu Prefect
obtained, the degradation estimating unit 140 may p
different aging degradation patterns for users in N
Prefecture and users in Gifu Prefecture.

[ 0043]

information other than use history. The degrading

The degradation may be estimated on the basis of

The degradation may be estimated on the basis of
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a secondary battery can be considered as varying de

on the types of electronic equipment 210. The degr
estimating unit 140 may set a plurality of aging de

patterns depending on the types of electronic equip

and estimate the degrading speed of a secondary bat

the basis of the aging degradation pattern of the e

equipment 210 subjected to measurement. For exampl
different aging degradation patterns may be applied

of a secondary battery in a sports car and use ther

minivan.

[ 0044] The aging degradation patterns are also

considered as varying depending on the types of sec
batteries. For example, the aging degradation patt

lithium-ion secondary battery is considered as bein
different from that of a sodium-sulfur battery.

[ 0045] FIG. 9 is a data structure table of behavior
aggregate information 170.

The behavior aggregate information 170 is stored i
the data storage unit 106. The behavior aggregate
information 170 is used to identify degrading behav
use histories collected in regard to a plurality of
secondary batteries and a plurality of users. Whil
degrading behaviors are defined and set by the syst
operator in FIG. 7, a method for finding out degrad
behaviors from use histories (big data) of a large

users is explained in FIG. 9.
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[ 0046] The degrading behavior specifying unit 138
extracts use histories when the degradation level p
exceeds 5(%) from large quantities of aggregated us

data. Behaviors G1 to G4 illustrated in FIG. 9 are
behaviors representing usage of the electronic equi

Assume that there is an event 1 in which a behavior

by a certain user only once per day degraded the pe

of a secondary battery by 5(%) or higher in a day.

case, the behavior G4 is estimated to be likely to
significantly degrade the secondary battery by bein

only once. The degrading behavior specifying unit

the degrading ability of 1 to the behavior G4. The
“degrading ability” used herein is an index indicat

much a behavior (usage of a secondary battery) degr
secondary battery.

[ 0047] In addition, assume that there is an event 2 in
which a behavior G2 done by a certain user 20 times
degraded the performance of a secondary battery by

higher in a day. In this case, the behavior G2 is

to be likely to degrade the secondary battery by be

20 times. The degrading behavior specifying unit 1

the degrading ability of 1/20 to the behavior G2.

[ 0048] Assume that there is an event 3 in which the
behavior G1 done by a certain user eight times per

the behavior G2 done by the user four times per day

the performance of a secondary battery by 5(%) or h

er day

e history

pment 210.
G4 done
rformance

In this

g done

138 sets

ing how
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per day
5(%) or
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day and
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a day. Because the degradation due to the behavior G2 is
(1/20)x4=1/5, 1/5 of the degradation of 5(%) is att ributed
to the behavior G2. The degrading behavior specify ing unit

138 calculates the degrading ability of the behavio r G1 to

be 1/10 (=(1-1/5)x(1/8)).

[ 0049] Assume that there is an event 4 in which the

behavior G1 done by a certain user eight times per day and
the behavior G3 done by the user six times per day degraded
the performance of a secondary battery by 5(%) or h igher in
a day. Because the degradation due to the behavior Gl is
(1/10)x8=4/5, 4/5 of the degradation of 5(%) is att ributed
to the behavior G1. The degrading behavior specify ing unit
138 calculates the degrading ability of the behavio r G3 to

be 1/30 (=(1-4/5)x(1/6)).

[ 0050] As described above, the degrading ability of the

behavior G1 is 1/10, the degrading ability of the b ehavior
G2 is 1/20, the degrading ability of the behavior G 3is 1/30,
and the degrading ability of the behavior G4 is 1. The
degrading behavior specifying unit 138 specifies be haviors
with degrading abilities of a predetermined value o r larger,
such as 1/15 or larger, as “degrading behaviors”. In the
case of the example above, the degrading behavior s pecifying
unit 138 specifies the behaviors G1 and G4 as degra ding
behaviors on the basis of the use histories. Colle ction of
degradation histories and use histories in regard t o a large

number of secondary batteries enables the degrading behavior
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specifying unit 138 to reasonably detect what usage
likely to degrade a secondary battery and how much

is likely to degrade the secondary battery.

[ 0051] [Second Embodiment]

In the description of the first embodiment, electr
equipment 210 or secondary batteries have the commu
functions, and the secondary battery management dev
regularly accesses the electronic equipment 210, et
collect various data on the secondary batteries. |
second embodiment, various data on secondary batter
having storage functions are collected at replaceme
secondary batteries, instead of data collection via
communication network.

[ 0052] FIG. 10 is a functional block diagram of a
secondary battery 300 according to the second embod

The secondary battery 300 includes battery cells 3
a charge/discharge control unit 304, a data acquisi
306, and a data storage unit 308. The battery cell
an electricity storage. The charge/discharge contr
304 controls charge and discharge of the battery ce
The battery cells 302 and the charge/discharge cont
304 are functional blocks included in known seconda
batteries.

[ 0053] The data acquisition unit 306 acquires various
data from the electronic equipment 210. The data s

unit 308 (recording medium) is constituted by a non
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memory. The data acquisition unit 306 includes an
ID acquiring unit 310, a use history acquiring unit

a user information acquiring unit 314. The equipme

acquiring unit 310 acquires the equipment ID of the

electronic equipment 210 in which the secondary bat

is installed. The use history acquiring unit 312 a

the use history from the electronic equipment 210.
information acquiring unit 314 acquires the user in

from the electronic equipment 210. In the second e
assume that the electronic equipment 210 associated
secondary battery 300 includes an interface for pro
various information data such as the equipment ID t

secondary battery 300.

[ 0054] In the second embodiment, the user replaces the

secondary battery 300 at their own discretion. The

operator reads various information data such as the

performance information by reading the data storage

of the collected secondary battery 300. The system
calculates the degradation level and the use fee ba

the degradation level in the same manners as in the
embodiment, and the user pays the use fee to the sy
operator. The use fee may be paid in one lump sum,
payment in installments reduces the burden of the ¢
introduction and replacement of the secondary batte

the user in a manner similar to the first embodimen

[ 0055] Note that the secondary battery 300 of

the

equipment
312, and

nt ID

tery 300
cquires
The user
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second embodiment may have the functions of the deg
measuring unit 130, the fee -calculating unit 132, t
estimation unit 136, the degrading behavior specify

138, and the like of the secondary battery manageme

100. In this case, a user can check various inform
data such as the degradation level and the use fee
necessary even when using electronic equipment 210
cannot be connected to the Internet 212.

[ 0056]
the secondary battery 300 have been described above
reference to the first and second embodiments.

In the secondary battery management system 200, th
user of a secondary battery need not purchase a sec
battery, which reduces the initial cost in introduc
the secondary battery (electronic equipment 210).
secondary battery management device 100 charges a u
a secondary battery on the basis of the degradation
the secondary battery instead of the amount of use
such as a discharge amount or the number of chargin
The use fee for a user who uses a secondary battery
carefully becomes low, which encourages users to ha
incentive to use secondary batteries carefully even
they are leased. Making users aware of such usage
extends the lives of secondary batteries is also ef
in reducing environmental load.

[ 0057] In a system in which the use fee is determined

The secondary battery management system 200 and
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on the basis of measurement of the number of chargi

or the like of a secondary battery by a sensor in t
secondary battery or electronic equipment 210, the
sensor failure and data falsification can hardly be
Measurement of the number of charging times is also
problematic in determination on how much charging r

be counted as one charging. In a case of a seconda
battery of an electric vehicle, a method calculatin

fee on the basis of the traveling distance can be ¢

but similar risk remains. In contrast, degradation
secondary battery is a physical phenomenon, and thu
provision of reliable information on how much the s
battery has been used. The degradation level, whic
physical phenomenon, cannot be falsified. Even if
performance information (discharge capacity) transm
from electronic equipment 210 to the secondary batt
management device 100 while a secondary battery is
used is incorrect, the reliable degradation level ¢
obtained at replacement of the secondary battery, a

use fee to be finally paid will thus be a proper va

higher fee can be charged to a user who carelessly
secondary battery. This eliminates the need for le
secondary batteries to excessively guard against th
associated with leasing.

[ 0058] A secondary battery is a “device for storing

electricity”. It is not reasonable to determine th

ng times
he
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of a secondary battery on the basis of the discharg e amount
or the number of charging times of the secondary ba ttery.
This is because the costs for electricity for charg ing
secondary batteries are imposed on users. In contr ast, in

the present embodiment, the wuse fee is a price

(compensation) for impairment  associated with  the

degradation level of a leased secondary battery, th at is,

impairment caused by the use of such device as a se condary
battery. The basis for the use fee is therefore re asonable.
Because secondary batteries are devices (rented dev ices)
whose degradation levels can be easily measured, th ey are

suitable for building such a unique business system

[ 0059] The secondary battery management device 100 is

capable of notifying a user of the degrading speed, future
use fees, replacement timing, and the like of a lea sed
secondary battery. In addition, indication of what

degrading behavior a user tends to do among multipl e
degrading behaviors contributes to improvement of t he user’s
behavior.

[ 0060] The secondary battery management device 100 is

also capable of analyzing what usage is likely to d egrade
secondary batteries by collecting use histories in regard to

a large number of secondary batteries. For example , In a
case where data indicating that secondary batteries are
likely to be degraded by traveling on snowy roads a re

obtained, it can be determined that it is more rati onal to
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use gasoline engine as a power source of a hybrid c ar on a
snowy road instead of the secondary battery. In a case
where data indicating that secondary batteries of a certain
type are likely to be degraded by charging using so lar power
are obtained, new charging/discharging circuits for reducing
the loads on battery cells may be necessary. In a case
where data indicating that secondary batteries moun ted on
electric vehicles of an automobile manufacturer M1 are less
prone to degradation and that secondary batteries m ounted on
electric vehicles of an automobile manufacturer M2 are prone
to degradation, it is advantageous for the automobi le
manufacturer M1 in that the data can be used in mak ing
proactive appeal to customers. In addition, the au tomobile
manufacturer M2 recognizes the necessity for design S
enabling efficient use of secondary batteries, whic h is
considered as contributing to promotion of peripher al

technologies relating to secondary batteries.
[ 0061] The secondary battery management system 200 is
also advantageous in preventing data relating to se condary

batteries from being kept only by manufacturers of

electronic equipment 210. Because data on secondar y
batteries (general-purpose products) used in multip le
electronic equipment 210 and on the electronic equi pment 210
can be collected on the basis of the secondary batt eries, a
wealth of findings on secondary batteries and elect ronic

equipment 210 are expected to be provided. For exa mple,
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collection of geographical information on where sec ondary
batteries have been used facilitates reasonable
determination on efficient arrangement of charging stations

for secondary batteries.

[ 0062] In the second embodiment, data such as use

histories are accumulated in the secondary battery 300. In
addition, the use fee depending on the degradation level is
charged at replacement of the secondary battery 300 . This
enables a system similar to the secondary battery m anagement
system 200 of the first embodiment to be built even in a

developing country  with insufficient communication

environment or a secluded place that is hard of acc ess.

[ 0063] The present invention is not limited to the

embodiments described above and modifications there of, and
any component thereof can be modified and embodied without
departing from the scope of the invention. Compone nts
described in the embodiment and modifications can b e
combined as appropriate to form various other embod iments.
Some components may be omitted from the components presented

in the embodiments and modifications.
[ 0064] [Modifications]

In the description of the embodiments, various

information data such as the performance informatio n, the
use history, the equipment ID, and the user informa tion are
collected for each secondary battery. A large-size d

secondary battery is often constituted by an assemb ly of
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cells (small secondary batteries). In a modificati on, the
battery ID may be assigned to each of cells instead of a

secondary battery (an assembly of cells), and the

performance information and the like on each cell m ay be
collected.

[ 0065] For example, assume a secondary battery

including 25 cells arranged in a square of 5x5. As sume that
outer cells of the secondary battery turn out to be more
prone to degradation than inner cells as a result o f
collection of various information data on the secon dary
battery. When such data are obtained, design of a charge
control circuit for reducing loads on the outer cel Is is
considered as being effective in extending the prod uct life

of the secondary battery. Alternatively, design of a

structure of a secondary Dbattery that facilitates

replacement of outer cells relative to inner cells may be
effective. In this manner, collection of informati on on
each cell may also enable a wealth of findings on t he design

of secondary batteries to be provided.

[ 0066] In the embodiments, the degree to which the

discharge capacity is lowered is defined as a degra dation
level. The degradation level can also be defined w ith data
other than discharge capacity. The internal resist ance of a
secondary battery is known to increase each time th e
secondary battery repeats charge and discharge. Th e

secondary battery management device 100 may define the
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degradation level (%) as {(measured resistance)-(in itial
resistance)}/(initial  resistance). Alternatively, the
degradation level may be defined on the basis of bo th a
degradation level A calculated on the basis of the discharge
capacity and a degradation level B calculated on th e basis
of the internal voltage, as an average of the degra dation

level A and the degradation level B, for example.

Alternatively, the degradation level may be defined on the
basis of the degree to which the battery capacity i s lowered
with time, or the degree to which the mileage on a full
charge of an electric vehicle 204 is lowered. Alte rnatively,
the degradation level may be defined on the basis o f an
open-circuit voltage (OCV), an open-end voltage, or the like

instead of the discharge capacity.

[ 0067] The secondary battery management device 100 may

hold aging degradation patterns (models) of seconda ry
batteries, and estimate degradation on the basis of the
aging degradation patterns. Such models may be for med as
neural network models. The use histories and the | ike of
secondary batteries that are degraded relatively ra pidly may
be analyzed, various parameters such as behaviors, the types
of electronic equipment 210, and use environment (s uch as
temperature) may be set in input layers, and how mu ch these
parameters affect the degradation of the secondary batteries
may be analyzed. The degradation of each secondary battery

may then be estimated on the basis of the neural ne twork
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models. Degrading behaviors may be specified on th
of weighting factors set for respective models of i
layers (parameters). Accumulation of data on secon
batteries elaborates the models.

[ 0068] In the description of the embodiments,

replacement notifying unit 126 provides notificatio

replacement timing of a secondary battery. The sec

battery management device 100 may include a chargin

position notifying unit for providing notification

positions of charging stations for secondary batter

secondary battery management device 100 may also in
charging timing notifying unit for notifying the el

equipment 210 of the timing for charging. The use
acquiring unit 114 of the secondary battery managem
device 100 may further regularly acquire charging r
information on each secondary battery. The chargin
notifying unit may transmit a notification for prom

user to charge the secondary battery to electronic

210 using the secondary battery when the charging r

the secondary battery is a predetermined threshold,

30%, or lower.
[ 0069]
information on secondary batteries is regularly col
Alternatively, information may be collected when se

batteries are charged. For example, because an ele

vehicle 204 needs to be stopped for charging of the

In the description of the first embodiment,
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secondary battery, information on the secondary bat

readily collected from the electric vehicle 204 dur
charging.

[ 0070] In the description of the second embodiment,
information is collected at replacement of secondar
batteries. In the second embodiment as well, infor

may be collected at charging of secondary batteries
example, when charging stations have communication

the charging stations may read various information

the data storage unit 308 of the secondary battery

transmit the information to the secondary battery m

device 100.

[ 0071] Secondary batteries that have exceeded
degradation threshold may be subjected to secondary

For example, secondary batteries with degradation |
exceeding 20% (hereinafter referred to as “degraded
secondary battery”) may be reused by an operator of
energy storage system (ESS). For example, assume t
degradation level of secondary battery used by a us

exceeded the degradation threshold. In this case,
replacement notifying unit 126 of the secondary bat
management device 100 notifies the user A that the

secondary battery is to be replaced, and notifies a

who operates an ESS that a degraded secondary batte
come out. The secondary battery management device

include a matching unit that matches the user A wit

tery is

ing
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functions,
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user B. The matching unit intermediates between th e user A
and the user B to form a consensus on the price and the time

for picking up the degraded secondary battery. Aft er the
consensus is formed, the system operator of the sec ondary
battery management device 100 sends the degraded se condary

battery collected from the user A to the user B.

[ 0072] In addition, when the degradation level of the

degraded secondary battery has exceeded a predeterm ined
threshold, such as 50%, the degraded secondary batt ery may
be broken down to be recycled. The replacement not ifying
unit 126 may notify the user B that the degraded se condary
battery is to be recycled when the degradation leve | of the
degraded secondary battery used by the user B has e xceeded
50%.

[ 0073] The cost for introducing a secondary battery

does not have to be zero. For example, half the pr ice of a
secondary battery may be initially charged and the remaining

amount may be included in use fees.
[ 0074] In the embodiments, the method for finding out

behaviors that degrade secondary batteries from use

histories has been explained. Alternatively, behav iors for
avoiding degradation of secondary batteries may be extracted.
For example, when a user P2 who degrades the second ary
battery little even though the user P2 frequently c harges
the secondary battery, the behaviors of the user P2 may be

investigated. After such investigation, the know-h ow of the



10

15

20

25

39

user P2 for extending the life of a secondary batte

presented to other users.

[ 0075] It is also possible to estimate electric power

generation on the basis of the degradation levels o

number of secondary batteries. For example, a seco

battery with a high degradation level has a small p

storage. Thus, when the number of relatively degra

secondary batteries is large, the necessary amount
generation is expected to be small. In contrast, w
number of new or replaced secondary batteries, or i
words, relatively less degraded secondary batteries

the necessary amount of power generation is expecte

large. The secondary battery management device 100

estimate not only the use fees but also necessary p

amounts on the basis of the degradation levels of s

batteries, and notify a power producer of the estim

[ 0076] In the embodiments, degradation of secondary

batteries has been described. The present inventio
however, also applicable to batteries, other than s
batteries, that are degraded. For example, outputs
cells also lower as the fuel cells are used. Thus,
degradation levels of fuel cells may also be measur
collection of various information data thereon such
histories, calculation of use fees, and the like ma
performed. A *“secondary battery” used herein inclu

“fuel cell” in a broad sense.
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[ 0077] FIG. 11 is a circuit diagram of a measurement
circuit 330 that measures discharge capacity of a s
battery 300.
The secondary battery 300 includes a battery compo
320 and a resistor component 322. When charge and
are repeated, a layer is gradually formed on an ano
surface by reaction between graphite used as an ano
material of the secondary battery 300 and an electr
The resistor component 322 (internal resistance r)
by the layer on the anode. When the internal resis
the electromotive force E of the battery component
the voltage V applied to an external resistor 324 a
to each other. When the internal resistance r is n
however, V=E-I  -r, where | represents discharge current, is
satisfied, and the discharge voltage is lowered by
resistor component 322. Thus, the degradation leve
secondary battery 300 can thus be expressed by meas
difference between the OCV (open-end voltage) and d
voltage as an index.
[ 0078] Typically, the degradation level of the
secondary battery 300 is expressed by States Of Hea
as an index. The SOH represents a capacity mainten
but may also be defined as the resistance increase
the internal resistance r. In the description belo
SOH is assumed to be the capacity maintenance rate.

is determined by a discharge capacity value; the SO
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however, also affected by the current value and the
temperature during measurement, and is thus evaluat ed in
view of these values. Note that the capacity of th e
secondary battery 300 refers to the electric (charg e)
guantity that can be taken out from the secondary b attery
300 in a fully charged state when the secondary bat tery 300
is discharged until the terminal voltage of the ext ernal
resistor 324 reaches a predetermined cut-off voltag e.
[ 0079] FIG. 12 is a graph illustrating degradation of
the SOH (capacity maintenance rate) as the secondar y battery
300 is used.

The present inventors conducted experiments on the
degrading speed of the secondary battery 300 associ ated with
charge and discharge thereof. In the experiments, a
cylindrical cell of a lithium-ion secondary battery
(secondary battery 300) having a size of 18 mm x 65 mm was
used. The initial capacity of the secondary batter y 300 was
2,750 (mAh). The temperature during measurement wa s 25
degrees Celsius. Charge and discharge of the secon dary
battery 300 were repeated, and the decrease (degrad ation) in
the SOH with accumulated discharge capacity (mAh) w as
measured.
[ 0080] Charge was deemed to be completed when the
voltage reached 4.2 (V), and discharge was deemed t 0 be
completed when the voltage reached 2.5 (V). The SO H was
periodically measured while charge and discharge we re
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[ 0081]

of the decrease in the SOH under a condition 1 base
driving of the electric vehicle 204. A degradation
represents the tendency of the decrease in the SOH
condition 2 based on driving with quick acceleratio
electric vehicle 204. Under the condition 1, the c
rate (C-rate) of charging was 0.2, the C-rate of di

was also 0.2. The C-rate of charging or dischargin
secondary battery 300 of 2,750 (mAh) in one hour wa
as 1.0. The C-rate of 0.2 means that charging is r
slow. Under the condition 2, the C-rate of chargin

and the C-rate of discharging was 0.8. Under the ¢
2, the discharge current was made larger than that
condition 1 to rapidly discharge the secondary batt
Note that the charge currents and the discharge cur
the degradation curve P1 and the degradation curve

constant currents.

[ 0082]

300 is degraded faster when the secondary battery 3
rapidly discharged (degradation curve P2: condition
when the secondary battery 300 is not rapidly disch

(degradation curve P1: condition 1).

[ 0083]

vehicle 204 safely.

secondary battery 300 is estimated to be degraded b

A degradation curve Pl represents the tendency

The experiments show that the secondary battery

A user Al is assumed to drive the electric

In the case of safe driving, t
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2(%) when the accumulated discharge capacity reache
360,000 (mAh). In contrast, a user A2 is assumed t
driving with quick acceleration of the electric veh

In the case of driving with quick acceleration oper
the secondary battery 300 is estimated to be degrad
about 2(%) when the accumulated discharge capacity
about 170,000 (mAh). Even though the user Al uses
electrical energy than the user A2, the user Al use
secondary battery 300 more carefully than the user

is thus charged as much use fees as the user A2. S
system provides an inventive for users to use secon
batteries 300 carefully.

[ 0084]
a significant cost. If many users can be led to us
secondary batteries 300 with care, the resources an

for manufacture of secondary batteries 300 in the w

whole can be effectively reduced.

[ 0085] In the first embodiment, special application
software for measuring voltage, current, and temper
(hereinafter referred to as “performance measuremen
software”) may be introduced to electronic equipmen

such as the electric vehicle 204. In the second em

performance measurement software may be introduced
secondary battery 300. The performance measurement
regularly measures performance information such as

discharge capacity, and notifies the secondary batt

Manufacture of secondary batteries 300 involves
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management device 100 of the performance informatio n. The
performance measurement software only needs to have

measurement functions and communication functions. The
secondary battery management device 100 calculates the

degradation level on the basis of the performance

information acquired from the performance measureme nt
software, and calculates the use fee of the seconda ry
battery 300. The performance measurement software may

calculate the degradation level on the basis of the
performance information and notify the secondary ba ttery

manufacturer 216 of the degradation level.

[ 0086] Even if a malicious user falsifies or

invalidates the performance measurement software, t he user
has to replace the secondary battery 300 at some ti me point.
Because the degradation level of the secondary batt ery 300
can be measured at the replacement point, adjustmen t of
payment at the replacement cannot be avoided even i f the

degradation level has been fudged during use of the

secondary battery 300. In the case of the electric vehicle
204, charging stations may acquire the performance

information of the secondary battery 300 when the s econdary
battery 300 is charted at the charging stations. T he
charging stations may then transmit the performance

information to the secondary battery management dev ice 100.
Alternatively, measurers may regularly acquire the

performance information of individual secondary bat teries
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300.

[ 0087] The secondary battery management device 100 of

the embodiments collects performance information fr om a
large number of secondary batteries 300. For examp le, in a
case where 50 million secondary batteries 300 of a type T1
have been distributed, such estimation as four mill ion of
them being expected to be replaced next month makes

production scheduling easier for the secondary batt ery
manufacturer 216. Estimation of replacement timing s of a
large quantity of secondary batteries 300 in an int egrated
manner by the secondary battery management device 1 00
facilitates prevention of a dead stock of secondary

batteries 300 due to overproduction or loss of busi ness
opportunities due to underproduction.

[ 0088] As described above, the estimation of
degradation of the secondary battery 300 may be bas ed on an
aging degradation table. For example, assume a cas e where
actual performance information as follows is obtain ed: when
the secondary battery 300 is degraded by 5(%) in on e month
from replacement, the probability that the degradat ion level

of the secondary battery 300 will reach 20(%) in tw 0 months
from replacement is 3(%), the probability that the

degradation level of the secondary battery 300 reac hes 20(%)
in three month from replacement is 15(%).... In this case, an
aging degradation table may be set on the basis of the
actual performance information. When such an aging
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degradation table based on actual performance infor
provided, future evolution of the degradation of a

battery 300 can be estimated by referring to the ac
degrading speed and the aging degradation table of
secondary battery 300.

[ 0089] In the first embodiment, special application
software for measuring usage of electronic equipmen
(hereinafter referred to as “usage measurement soft

may be introduced to the electronic equipment 210.

second embodiment, usage measurement

introduced to the secondary battery 300. The usage

measurement software acquires usage information of
electronic equipment 210, and notifies the secondar
management device 100 of the usage information. Fo
assume that the secondary battery 300 is mounted on
equipment such as the electric vehicle 204. In thi

the usage measurement software acquires the number
starts, the number of sudden stops, the average spe

the highest speed per unit time of the mobile equip
percentage of time during which the mobile equipmen
traveled at speeds higher than a threshold in the t

time thereof, and the like as usage information. T
measurement software may also notify the secondary
management device 100 of a so-called eco-driving sc
The secon

(known technology) as usage information.

battery management device 100 may estimate the degr

software may b
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secondary
tual
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level of the secondary battery 300 on the basis of

in notification from the usage measurement software
example, a plurality of aging degradation tables de

on eco-driving scores may be provided in advance.
receiving a score from an electric vehicle 204 to b

the degradation estimating unit may estimate future
evolution of the degradation of the secondary batte

the basis of an associated aging degradation table.

[ 0090] A plurality of aging degradation tables may be
provided depending on the types of secondary batter
Alternatively, a plurality of aging degradation tab

be provided depending on the types of electronic eq

210 on which secondary batteries 300 are mounted.
plurality of aging degradation tables may be provid
depending on the attributes of users. The degradat
estimating unit 140 may estimate the degradation of
secondary battery 300 on the basis of the type of t

the type of electronic equipment 210, and the type
secondary battery 300.

[ 0091] The degradation measuring unit 130 may calculate
the degradation level on the basis of a plurality o

of performance information. For example, the degra
measuring unit 130 may calculate the degradation le

the basis of each of the amount of change in the in
resistance and the amount of change in the capacity

maintenance rate. The degradation measuring unit 1

results
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determine the highest, the lowest, the average or t
of a plurality of kinds of degradation levels as a
degradation level of the secondary Dbattery
Comprehensive determination of the degradation leve
secondary battery 300 from degradation levels obtai

a plurality of aspects in this manner
reasonable calculation of the degradation level.
[ 0092]
secondary battery 300 (degradation thresholds)
considered as varying depending on users of the sec
battery 300. For example, a user A4 is assumed to
secondary battery 300 with a degradation level of 9
100(%), and replaces the secondary battery 300 when
degradation level becomes lower than 90(%). A user
assumed to use a secondary battery 300 with a degra
level of 70 to 100(%). In this case, the secondary

300 with a degradation level lower than 90(%) that
longer be used by the user A4 is usable for the use
The aforementioned matching unit may notify the use

the secondary battery 300 of the user A4 is availab
replacement timing of the secondary battery 300 of

A4 or at a timing when the replacement thereof is e
Alternatively, the matching unit may deliver the se
battery 300 that is no longer used by the user A4 t
user A5. When the user A4 replaces the secondary b

300, the matching unit may search for a user who ca

300.

enables more
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this secondary battery 300, and inform the user tha
secondary battery 300 is available.

When no user who can use the secondary battery 300
that is no longer used by the user A4 is present, t
replacement notifying unit 126 may deliver the seco
battery 300 to a recycler.
[ 0093] The use fees of a secondary battery 300 may be
determined on the basis of a purchase price of the
battery 300 and a degradation threshold set as a me
replacement. For example, assume that a purchase p
secondary battery 300 is JPY 100,000, and that the
battery 300 is to be replaced when the degradation
reaches a degradation threshold of 20(%). In this
because a degradation level of 20(%) is assumed to
a value of JPY 100,000, the use fee per a degradati
of 1(%) may be JPY 5,000 (=100,000+20). In this ma
fee calculating unit 132 may calculate a use fee as
with a degradation level on the basis of the purcha
of a secondary battery 300 and a degradation thresh
by the user or the manufacturer of the secondary ba
Such a control method enables reasonable calculatio
fees of various types of secondary batteries 300 in
secondary battery management system 200, which enco
users to participate in the lease system provided b
secondary battery management system 200 at ease.

[ 0094] In addition, the secondary battery management
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device 100 can calculate use fees of a variety of s
batteries 300 in a simple and fair manner on the ba
the purchase prices (selling prices) and degradatio
thresholds, and is thus applicable to management of

types of secondary batteries 300. Use fees of seco
batteries 300 with high purchase prices are high, a

fees of secondary batteries 300 that are less prone
degradation are low.

[ 0095] In the description of the embodiments, users of
secondary batteries 300 are charged use fees depend

the degradation levels. In some cases, a governmen
impose a tax on users of secondary batteries 300 de
on the degradation levels. This encourages the pub
make a conscious effort to use secondary batteries
carefully for a longer time, which contributes to e

use of precious resources. In addition, users who
safely get preferential treatment in terms of fees
compared with users who
acceleration, which can be expected to produce an e
improving drivers’ compliance with safety rules in
electric vehicles 204.

[ 0096]
based on the degradation levels of secondary batter
correspond to depreciation of purchase prices of fi
assets in financial statements.

The secondary batt

management system 200 may also make it easier for c

perform driving with quick

Payments of use fees (costs) in small amounts
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to introduce secondary batteries 300 in terms of ac
[ 0097] The following invention can be derived from the
embodiments and modifications.

B1l. A secondary battery management device connecte
with electronic equipment via a communication netwo
electronic equipment using a secondary battery as a
power supply, the secondary battery management devi
comprising:

a performance information acquiring unit to acquir
performance information of the secondary battery fr
electronic equipment;

a degradation measuring unit to measure a degradat
level of performance of the secondary battery durin
predetermined unit period; and

a degradation estimating unit to estimate a
degradation level of the secondary battery at a
predetermined future time point on the basis of the
degradation level of the performance of the seconda

battery.

counting.

rk, the
driving
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[ 0098] B2. The secondary battery management device

according to B1, further comprising:
a use history acquiring unit to acquire use histor
each of a plurality of pieces of electronic equipme
the individual pieces of electronic equipment, wher
the degradation estimating unit refers to the

degradation level of the performance and the use hi

y of
nt from

ein

story of
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each of a plurality of secondary batteries, and est imates a
degradation level of a secondary battery used by fi rst
electronic equipment at a predetermined future time point on
the basis of use history of the first electronic eq uipment.

[ 0099] B3. The secondary battery management device

according to B2, further comprising:

a degrading behavior specifying unit to refer to a

degradation level of performance and use history of each of
the secondary batteries, and specify a degrading be havior
being usage of the electronic equipment when the de gradation

level per unit time of the secondary battery is a

predetermined value or higher.

[ 0100] B4. The secondary battery management device
according to any one of B1 to B3, further comprisin g

an equipment ID acquiring unit to acquire an equip ment
ID identifying a piece of electronic equipment amon g a
plurality of pieces of electronic equipment, wherei n

the degradation estimating unit refers to the

degradation level of performance and an equipment |

associated with each of a plurality of secondary ba tteries,
and estimates a degradation level of a secondary ba ttery
used by second electronic equipment at a predetermi ned
future time point on the basis of the equipment ID of the

second electronic equipment.
[ 0101] B5. The secondary battery management device

according to any one of B1 to B4, wherein
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the performance information acquiring unit acquire S
performance information of each of a plurality of c ells
constituting the secondary battery,

the degradation measuring unit measures a degradat ion
level of performance of each of the cells, and

the degradation estimating unit estimates a
degradation level of each of the cells.

[ 0102] B6. The secondary battery management device
according to any one of B1 to B5, further comprisin g

a user information acquiring unit to acquire user

information of each of users of a plurality of piec es of
electronic equipment from the pieces of electronic equipment,
wherein

the degradation estimating wunit refers to a
degradation level and user information of each of a

plurality of secondary batteries, and estimates a

degradation level of a secondary battery used by th ird
electronic equipment at a predetermined future time point on
the basis of user information of the third electron ic
equipment.

[ 0103] B7. The secondary battery management device

according to B2 or B3, further comprising:

a replacement estimating unit to estimate replacem ent
timing of a secondary battery of each of the pieces of
electronic equipment on the basis of estimation of

degradation levels of secondary batteries; and
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a replacement notifying unit to notify an external
device of the number of secondary batteries to be r eplaced
at a predetermined future time point among a plural ity of
pieces of electronic equipment.

[ 0104] B8. The secondary battery management device
according to B1, wherein

the performance information acquiring unit acquire S,
as the performance information, a discharge capacit y of the
secondary battery, and

the degradation measuring unit measures, as the
degradation level, a decrease in the discharge capa city
during the unit period.

[ 0105] B9. A secondary battery removably mounted on
electronic equipment as a driving power supply of t he
electronic equipment, the secondary battery compris ing:

a recording medium; and

an equipment ID acquiring unit to acquire an equip ment
ID of the electronic equipment, and record the equi pment 1D
in the recording medium.

[ 0106] B10. The secondary battery according to B9,
further comprising:

a use history acquiring unit to acquire use histor y of
the electronic equipment, and save the use history in the
recording medium.

[ 0107] B11l. A secondary battery management program

causing a computer to implement:
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a function of acquiring performance information of
secondary battery from electronic equipment using
secondary battery as a driving power supply;

a function of measuring a degradation level
performance of the secondary battery during a prede
unit period; and

a function of estimating a degradation level of th
secondary battery at a predetermined future time po
the basis of the degradation level of the performan

secondary battery.
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CLAIMS

1. A secondary battery management device connected
electronic equipment via a communication network, t
electronic equipment using a secondary battery as a

power the secondary battery management

supply,
comprising:

a performance information acquiring unit to acquir
performance information of the secondary battery fr
electronic equipment;

a degradation measuring unit to measure a degradat
level of performance of the secondary battery durin
predetermined unit period; and
a fee calculating unit to calculate a use fee of t

secondary battery for the unit period depending on

degradation level.

2. The secondary battery management device accordin
claim 1, further comprising:
estimate

a degradation estimating unit to

degradation level of the secondary battery at

predetermined future time point on
degradation level of the performance per unit perio

secondary battery.

3. The secondary battery management device accordin
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claim 2, further comprising:

a fee estimating unit to estimate a use fee of the
secondary battery for a predetermined unit period o
basis of the estimation of the degradation level of
secondary battery; and

a fee notifying unit to notify a user of the

electronic equipment of the estimated use fee.

4, The secondary battery management device accordin
claim 2, further comprising:

a replacement estimating unit to estimate replacem
timing of the secondary battery on the basis of the
estimation of the degradation level of the secondar
battery; and

a replacement notifying unit to notify a user of t

electronic equipment of the estimated replacement t

5. The secondary battery management device accordin
claim 1, further comprising:

a use history acquiring unit to acquire use histor
the electronic equipment from the electronic equipm

a degrading behavior specifying unit to refer to
degradation history of the secondary battery and th
history, and specify a degrading behavior performed
user of the electronic equipment from among a plura

degrading behaviors defined as usage that degrades
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secondary battery.

6. The secondary battery management device accordin g to
claim 1, wherein

the performance information acquiring unit acquire S,
as the performance information, a discharge capacit y of the
secondary battery, and

the degradation measuring unit measures, as the
degradation level, a decrease in the discharge capa city

during the unit period.

7. The secondary battery management device accordin g to
claim 1, wherein

the fee calculating unit calculates the use fee
depending on a type of the secondary battery on the basis of
both a purchase price and a degradation threshold o f the

secondary battery.

8. A secondary battery management program causing a
computer to implement:

a function of acquiring performance information of a
secondary battery from electronic equipment using t he
secondary battery as a driving power supply;

a function of measuring a degradation level of
performance of the secondary battery during a prede termined

unit period; and
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a function of calculating a use fee of the seconda
battery for the unit period depending on the degrad

level.
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