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(57) ABSTRACT

An electric power management apparatus that manages
electric power in a facility configured to be electrically
connectable to a vehicle including a battery, the electric
power management apparatus comprising a calculation unit
that calculates a degree of charging or discharging execut-
able for the battery, an instruction unit that gives an instruc-
tion on the charging or discharging, an acquisition unit that
acquires a degree of the charging or discharging that is
actually being executed in response to the instruction of the
instruction unit, and a stopping unit that stops the charging
or discharging executed in response to the instruction of the
instruction unit on the basis of a difference between the
calculated degree and the acquired degree.
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ELECTRIC POWER MANAGEMENT
APPARATUS AND ELECTRIC POWER
MANAGEMENT SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority to and the benefit
of Japanese Patent Application No. 2020-154803 filed on
Sep. 15, 2020, the entire disclosure of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to mainly an electric
power management apparatus.

Description of the Related Art

[0003] While a vehicle including a battery such as an
electric vehicle is stopped in a facility such as a home or an
office, a user can charge the battery of the vehicle by using
a terminal installed in the facility (see Japanese Patent No.
6242006). For charging the battery, not only electric power
(commercial electric power) from an electric power system
can be used, but also electric power generated in the facility,
for example, electric power generated by an electric power
generation device such as a solar power generation device
can be used.

[0004] In the above configuration, the battery can be
utilized as a storage battery, and for example, the electric
power of the battery can be used instead of the electric
power from the electric power system on the basis of the
supply and demand balance of the electric power in the
facility (see Japanese Patent No. 6402256).

[0005] A technique for appropriately utilizing the battery
in the above configuration is required. However, it is con-
sidered that the appropriate utilization of the battery
becomes difficult due to an unexpected environmental
change.

SUMMARY OF THE INVENTION

[0006] The present invention makes it possible to appro-
priately utilize a battery of a vehicle electrically connected
to a facility.

[0007] One of the aspects of the present invention pro-
vides an electric power management apparatus that manages
electric power in a facility configured to be electrically
connectable to a vehicle including a battery, the electric
power management apparatus comprising a calculation unit
that calculates a degree of charging or discharging execut-
able for the battery, an instruction unit that gives an instruc-
tion on the charging or discharging, an acquisition unit that
acquires a degree of the charging or discharging that is
actually being executed in response to the instruction of the
instruction unit, and a stopping unit that stops the charging
or discharging executed in response to the instruction of the
instruction unit on the basis of a difference between the
calculated degree and the acquired degree.

[0008] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments (with reference to the attached draw-

ings).
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic diagram for explaining a
configuration example of an electric power management
system in a certain facility;

[0010] FIG. 2 is a timing chart for explaining an example
of a mode of electric power management;

[0011] FIG. 3 is a schematic diagram illustrating a com-
munication mode between an electric power management
apparatus and an aggregator;

[0012] FIG. 4 is a schematic diagram illustrating the
discharge characteristic of the electric power of a battery;
and

[0013] FIG. 5 is a flowchart illustrating an example of an
electric power management method of the electric power
management apparatus.

DESCRIPTION OF THE EMBODIMENTS

[0014] Hereinafter, embodiments will be described in
detail with reference to the attached drawings. Note, the
following embodiments are not intended to limit the scope
of the claimed invention, and limitation is not made to an
invention that requires a combination of all features
described in the embodiments. Two or more of the multiple
features described in the embodiments may be combined as
appropriate. Furthermore, the same reference numerals are
given to the same or similar configurations, and redundant
description thereof is omitted.

[0015] FIG. 1 illustrates a configuration example of an
electric power management system SY of a facility 1 accord-
ing to an embodiment. The facility 1 is configured to be able
to receive electric power (commercial electric power) from
an electric power system 9, and includes an electric power
generation device 11, an inverter 12, an electric device group
13, a vehicle connection mechanism 14, and an electric
power management apparatus 15. For simplification of
description, the facility 1 is a private house in this embodi-
ment, but may be an apartment house such as an apartment,
an office such as a company, or a commercial facility such
as a supermarket as another embodiment. The electric power
system 9 is a system that performs electric power generation,
electric power transformation, electric power transmission,
and electric power distribution to realize electric power
supply to individual customers (including the facility 1), and
is a concept including an electric power company, an electric
power generation plant, a substation, an electric power
transmission line, and the like. The facility 1 can purchase
electric power from the electric power system 9, and the
electric power is supplied to an electric power line 19 in the
facility 1.

[0016] The electric power generation device 11 generates
other electric power different from the electric power of the
electric power system 9. In this embodiment, the electric
power generation device 11 is a solar power generation
device (solar panel) that generates electric power on the
basis of sunlight, but as another embodiment, for example,
other renewable energy such as water power, wind power,
and geothermal heat may be used.

[0017] The inverter 12 is also referred to as a power
conditioner or the like, and can convert electric power (for
example, DC voltage) obtained by the electric power gen-
eration device 11 to electric power (for example, AC volt-
age) corresponding to the facility 1 and supply the converted
electric power to the electric power line 19.
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[0018] The electric device group 13 includes one or more
electric devices operable on the basis of the electric power
of the electric power line 19, and its/their typical examples
include a TV, a refrigerator, a washing machine, an air
conditioner, and the like. The electric device group 13 may
be expressed as an intra-facility electric power load or
simply as a load or the like.

[0019] The vehicle connection mechanism 14 is config-
ured to connect a vehicle 2 to the facility 1. The above-
described inverter 12 can selectively realize the bidirectional
electric power supply between the facility 1 and the vehicle
2 via the vehicle connection mechanism 14. That is, the
inverter 12 includes a converter that converts electric power
to corresponding one for the electric power supply between
the facility 1 and the vehicle 2, thereby selectively supplying
electric power from the electric power line 19 to the vehicle
2 and supplying electric power from the vehicle 2 to the
electric power line 19 via the vehicle connection mechanism
14. The mechanism 14 may be expressed as a connection
terminal or simply as a terminal or the like. Note that
although the vehicle connection mechanism 14 is illustrated
as a part of the facility 1 in FIG. 1 for ease of description,
a part/all of the vehicle connection mechanism 14 can be
installed outdoors (for example, in a parking lot).

[0020] The electric power management apparatus 15 per-
forms electric power management in the facility 1 while
monitoring the state of the electric power line 19 via, for
example, an ammeter or the like, and is configured to be able
to give an instruction on the electric power supply between
the facility 1 and the vehicle 2 on the basis of, for example,
the supply and demand balance of the electric power in the
facility 1, details of which will be described later. In this
embodiment, the electric power management apparatus 15
includes a central processing unit (CPU), a memory, and a
communication interface, and performs the electric power
management on the basis of a predetermined program, but
the function can be realized by either software or hardware.
In addition, the electric power management apparatus 15
includes a communication device, thereby making it pos-
sible to realize the communication between the facility 1 and
the vehicle 2 via the vehicle connection mechanism 14.
[0021] Although details will be described later, the electric
power management apparatus 15 can receive a request for
the provision of electric power from the electric power
system 9 by the communication device, and can execute
electric power management on the basis of the request. The
request from the electric power system 9 is typically made
by an intermediary (aggregator) that mediates the exchange
of electric power between the facility 1 and the electric
power system 9, and may also be referred to as a demand
response (Hereinafter, it may be referred to as a “DR”).
[0022] Note that, here, each element in the facility 1 is
individually illustrated to distinguish functions, but the
present invention is not limited to the configuration of this
example, and some elements may be configured of a single
unit, and a certain element may be configured of a plurality
of units. For example, the inverter 12 and the electric power
management apparatus 15 may be configured of a single
unit, or a part of the function of the vehicle connection
mechanism 14 may be realized by the inverter 12.

[0023] In this embodiment, the vehicle 2 is an electric
vehicle (EV) including a battery 21, and further includes a
charge/discharge device 22, a sub battery 23, a converter 24,
and a control unit 25. For the battery 21, for example, a
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lithium ion battery having an output voltage of about 200
[V] is used. The charge/discharge device 22 includes a
bidirectional inverter, a relay, and the like, and the vehicle 2
is electrically connected to the facility 1 by the vehicle
connection mechanism 14, so that the bidirectional electric
power supply between the facility 1 and the vehicle 2 can be
selectively executed. For example, the charge/discharge
device 22 supplies the electric power of the electric power
line 19 to the battery 21 (charges the battery 21), or supplies
the electric power of the battery 21 to the electric power line
19 (discharges the battery 21).

[0024] As the sub battery 23, for example, a lead-acid
battery having an output voltage of about 12 [V] can be used.
The converter 24 converts the electric power of the battery
21 to electric power corresponding to the sub battery 23 to
be able to charge the sub battery 23. That is, the sub battery
23 receives and stores the electric power from the battery 21.
[0025] Regarding the relationship between the battery 21
and the sub battery 23, a secondary battery is used for both
of these. The battery 21 has, as a main function, an electric
power source for driving the power source (for example, an
electric motor such as a three-phase induction motor) of the
vehicle 2. The sub battery 23 has, as a main function, an
auxiliary power supply for driving an electric system (for
example, the control unit 25 described later and the like) of
the vehicle 2. The battery 21 may be expressed as a main
battery to be distinguished from the sub battery 23.

[0026] In this embodiment, the sub battery 23 can be
charged by the electric power of the battery 21 while the
charging of the battery 21 is being executed by the charge/
discharge device 22. As another embodiment, the sub battery
23 may be charged by the electric power of the battery 21
while the vehicle 2 is traveling, which is suitable when the
vehicle 2 is a so-called hybrid car.

[0027] The control unit 25 enters an operating state on the
basis of the electric power of the sub battery 23, commu-
nicates with the electric power management apparatus 15,
and drives and controls the charge/discharge device 22.
Although details will be described later, for example, the
control unit 25 in the operating state drives and controls the
charge/discharge device 22 on the basis of a signal from the
electric power management apparatus 15, thereby charging
or discharging the battery 21. In addition, while the battery
21 is not charged or discharged, the control unit 25 is in a
resting state (substantially non-operating state), and sup-
presses the electric power consumption of the sub battery 23.
[0028] Note that in this embodiment, the electric connec-
tion between the facility 1 and the vehicle 2 is realized by a
single cable in the vehicle connection mechanism 14. Thus,
both the electric connection between the electric power line
19 and the battery 22 via the charge/discharge device 22 and
the communication between the electric power management
apparatus 15 and the control unit 25 are realized.

[0029] With the above-described system SY, it is possible
to appropriately manage the electric power in the facility 1
on the basis of the supply and demand balance, and from
another viewpoint, it is possible to reduce the purchase of
electric power from the electric power system 9 by utilizing
the battery 21 of the vehicle 2 electrically connected to the
facility 1. Although details will be described later, for
example, the battery 21 is discharged when the demand for
the electric power in the facility 1 is larger than the supply,
and the battery 21 is charged when the demand for the
electric power in the facility 1 is smaller than the supply. The
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system SY may also be referred to as a vehicle to home
(V2H) control system or the like.

[0030] For example, after the vehicle 2 is electrically
connected to the facility 1 and the battery 21 is brought into
the utilizable state as described above, it may be necessary
to use the vehicle 2 contrary to the user’s prediction (regard-
less of the user’s schedule). Therefore, it is conceivable that
the user sets in advance a range that the charging rate of the
battery 21 should satisty as a target range (that is defined as
RO). Thus, the battery 21 can be appropriately utilized while
the vehicle 2 is electrically connected to the facility 1, that
is, the bidirectional electric power supply between the
facility 1 and the vehicle 2 can be selectively performed
while the charging rate of the battery 21 is maintained within
the target range RO.

[0031] Note that the charging rate indicates the ratio of the
remaining capacity to the battery capacity of the battery 21,
and can also be expressed as a state of charge (SOC). In
addition, the user is typically the owner of the vehicle 2, but
may be a related person or a third party who temporarily
uses the vehicle 2.

[0032] FIG. 2 is a timing chart for explaining an example
of an electric power management method by the electric
power management apparatus 15. The vertical axis in the
drawing represents the charging rate (0-100[%]) of the
battery 21. The horizontal axis in the drawing is a time axis.
As described above, the user can set the target range R0 that
the charging rate should satisty. The target range R0 may be
expressed as a utilization allowable range or simply an
allowable range or the like.

[0033] Alower limit value V1 and an upper limit value V2
of the target range R0 can be arbitrarily set by the user. As
an example, the lower limit value V1 can be set to 20[%] (a
numerical value corresponding thereto), and the upper limit
value V2 can be set to 80[%] (a numerical value correspond-
ing thereto). As another example, the lower limit value V1
may be set to 50[%] (a numerical value corresponding
thereto), and the upper limit value V2 may be set to 100[%)]
(a numerical value corresponding thereto).

[0034] First, it is assumed that the charging rate of the
battery 21 is within the target range R0 at time t10 when the
vehicle 2 is electrically connected to the facility 1 and the
battery 21 can be utilized. Thereafter, the charging or
discharging of the battery 21 is performed while the charg-
ing rate of the battery 21 is maintained within the target
range R0, and when the charging rate of the battery 21 falls
outside the target range RO (alternatively, when it falls
outside the range RO), the charging or discharging is
stopped, and the battery 21 is utilized in this manner.
[0035] For example, from the time t10 to time t11, it is
assumed that the electric power consumption (electric power
demand) by the electric device group 13 in the facility 1 is
larger than the generated electric power (electric power
supply) by the electric power generation device 1
(demand>supply). Accordingly, in this embodiment, the
battery 21 is discharged (that is, the shortage of the electric
power in the facility 1 is compensated by the electric power
of the battery 21), and electric power is not purchased from
the electric power system 9 in this example. As a result, the
charging rate of the battery 21 decreases.

[0036] Thereafter, from the time t11 to time t12, it is
assumed that the electric power consumption in the facility
1 becomes smaller than the generated electric power by the
electric power generation device 1 (demand<supply).
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Accordingly, in this embodiment, the battery 21 is charged
(That is, the surplus of the electric power in the facility 1 is
supplied to the battery 21). As a result, the charging rate of
the battery 21 increases.

[0037] Thereafter, from the time t12 to time t13, it is
assumed that the electric power consumption in the facility
1 becomes significantly larger than the generated electric
power by the electric power generation device 1
(demand>supply). Thus, similarly to the period from the
time t10 to the time t11, the battery 21 is discharged, and
here, as a result, the charging rate of the battery 21 reaches
the lower limit value V1. When the battery 21 is discharged
as it is (when the shortage of the electric power is compen-
sated by using the electric power of the battery 21), the
charging rate of the battery 21 falls outside the target range
RO. Therefore, in such a case, the discharging of the battery
21 is stopped and electric power is purchased from the
electric power system 9, and the electric power is used for
the shortage of the electric power in the facility 1.

[0038] Thereafter, the charging rate of the battery 21
indicates the lower limit value V1 from the time t13 to time
t14 until the electric power consumption in the facility 1
becomes smaller than the generated electric power by the
electric power generation device 1 (until the supply and
demand balance of the electric power in the facility 1 is
reversed).

[0039] Thereafter, from the time t14 to time t15, it is
assumed that the electric power consumption in the facility
1 becomes smaller than the generated electric power by the
electric power generation device 1 (demand<supply). Thus,
the battery 21 is charged similarly to the period from the
time t11 to the time t12.

[0040] In addition, for example, it is assumed that the
electric power consumption in the facility 1 becomes smaller
than the generated electric power by the power generation
device 1 at further subsequent time t20 to time t21
(demand<supply). Thus, similarly to the period from the
time t11 to the time t12, the battery 21 is charged, and here,
as a result, the charging rate of the battery 21 reaches the
upper limit value V2. If the battery 21 is charged as it is, the
charging rate of the battery 21 falls outside the target range
RO. Therefore, in such a case, the charging of the battery 21
is stopped. Note that in such a case, the surplus of the electric
power in the facility 1 may be stored in another storage
battery (not illustrated) or the like in the facility 1, or may
be purchased by an electric power company.

[0041] Thereafter, the charging rate of the battery 21
indicates the upper limit value V2 from the time t21 to time
122 until the electric power consumption in the facility 1
becomes larger than the generated electric power by the
electric power generation device 1 (until the supply and
demand balance of the electric power in the facility 1 is
reversed).

[0042] Thereafter, from the time 122 to time t23, it is
assumed that the electric power consumption in the facility
1 becomes larger than the generated electric power by the
electric power generation device 1 (demand>supply). Thus,
the battery 21 is discharged in the same manner as in the
period from the time t10 to the time tn. In this manner, the
battery 21 is utilized by the charging or discharging.
[0043] In short, the electric power management apparatus
15 utilizes the battery 21 on the basis of the supply and
demand balance of the electric power in the facility 1 while
the vehicle 2 is electrically connected to the facility 1. For
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example, the electric power management apparatus 15 per-
forms the charging or discharging of the battery 21 while
maintaining the charging rate of the battery 21 within the
target range R0, and stops the charging or discharging when
the charging rate of the battery 21 falls outside the target
range RO (alternatively, when it falls outside the range R0).
[0044] In this way, the electric power management system
SY suppresses the use of the electric power of the electric
power system 9 while utilizing the battery 21 of the vehicle
2, and manages the electric power in the facility 1. Here, the
target range RO is set in advance in preparation for a case
where the use of the vehicle 2 is required contrary to user’s
prediction. Therefore, the battery 21 is only required to be
utilized in a period before the time when the user plans to use
the vehicle 2, and the charging of the battery 21 is only
required to be completed so that the charging rate of the
battery 21 becomes a desired value (A value of at least the
lower limit value V1 or more, preferably a value of the upper
limit value V2 or more. For example, 100[%] or the like) at
the scheduled time.

[0045] Note that when the charging rate of the battery 21
is outside the target range RO at the time t10, the battery 21
is charged or discharged so as to be within the target range
RO. For example, when the charging rate of the battery 21 is
smaller than the lower limit value V1, the battery 21 is
charged, and when the charging rate of the battery 21 is
larger than the upper limit value V2, the battery 21 is
discharged. Thus, after the charging rate of the battery 21
falls within the target range R0, the battery 21 is utilized in
the above-described procedure.

[0046] Referring again to FIG. 1, the control unit 25 enters
the operating state on the basis of the electric power of the
sub battery 23, and executes the charging or discharging of
the battery 21 by driving and controlling the charge/dis-
charge device 22 on the basis of the communication with the
electric power management apparatus 15. On the other hand,
while the battery 21 is not charged or discharged, the control
unit 25 is in the resting state, and the electric power
consumption of the sub battery 23 is suppressed. In other
words, from the viewpoint of the electric power manage-
ment apparatus 15, when starting the charging or discharg-
ing of the battery 21, the electric power management appa-
ratus 15 operates the control unit 25 with the electric power
of the sub battery 23 and instructs the control unit 25 in the
operating state to start the charging or discharging. There-
after, the electric power management apparatus 15 drives
and controls the charge/discharge device 22 by the control
unit 25 in the operating state on the basis of the supply and
demand balance of the electric power in the facility 1 to
utilize the battery 21 (continues the charging or discharg-
ing).

[0047] The electric power management apparatus 15 can
receive a request for the provision of electric power (DR
(demand response) from the aggregator described above)
from the electric power system 9, and can execute electric
power management on the basis of the request. For example,
even when the electric power consumption in the facility 1
is larger than the generated electric power by the electric
power generation device 1 (in the case where
demand>supply), the electric power management apparatus
15 can execute the discharging of the battery 21 when the
charging rate of the battery 21 is larger than the lower limit
value V1 at the time of receiving the request. On the other
hand, when not receiving the request, the electric power
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management apparatus 15 can utilize the battery 21 accord-
ing to the procedure described with reference to FIG. 2.
[0048] FIG. 3 illustrates a communication mode between
the electric power management apparatus 15 and an aggre-
gator 9. The aggregator 9 has an aggregator server 91 and an
aggregator gateway 92. The electric power management
apparatus 15 communicates with (the control unit 25 of) the
vehicle 2 on the basis of the DR received from the server 91
via the gateway 92, and can utilize the battery 21.

[0049] Note that the communication between the electric
power management apparatus 15 and (the control unit 25 of)
the vehicle 2 is performed by a communication method
conforming to a predetermined standard, and in this embodi-
ment, the communication is performed by a communication
method conforming to the ISO/IEC15118 (or DIN70121)
standard. The information communicated in this manner
does not include, for example, temperature information on
the vehicle 2, the battery 21, and the like.

[0050] For example, when the server 91 generates a
request 311 for the provision of electric power from the
facility 1 to the electric power system 9, the gateway 92
outputs a request 312 having the same content to the electric
power management apparatus 15 in response to the request
311. Here, the requests 311 and 312 indicate, as an example,
a request for the provision of electric power from the facility
1 to the electric power system 9, the amount of electric
power, the time zone, the content of an incentive when the
request is accepted, and the like.

[0051] The electric power management apparatus 15 com-
municates with the control unit 25 in response to the request
312, and determines whether or not the content of the
request 312 (or 311) can be executed. This determination can
be made on the basis of whether or not, by calculating
electric power that can be transmitted from the battery 21 to
the electric power system 9 (hereinafter, referred to as
“transmittable electric power”), the transmittable electric
power satisfies the content of the request 312. The trans-
mittable electric power can be calculated on the basis of the
electric characteristic or utilization capability of the battery
21, for example, the charging rate of the battery 21 (more
specifically, a margin to the lower limit value V1 of the
target range R0) and the like.

[0052] When the charging rate of the battery 21 is larger
than the lower limit value V1 and the transmittable electric
power satisfies the content of the request 312, the electric
power management apparatus 15 outputs an instruction 313
to start the discharging of the battery 21. Thereafter, the
discharging of the battery 21 (the provision of electric power
from the facility 1 to the electric power system 9) is started,
and during that time, the calculation of the transmittable
electric power and notification 314 of the result of the
calculation are performed at a predetermined cycle by the
communication between the electric power management
apparatus 15 and the control unit 25. In response to the
notification 314, notification 315 having the same content is
outputted from the electric power management apparatus 15
to the gateway 92, and notification 316 having the same
content is outputted from the gateway 92 to the server 91.
[0053] In addition, for example, the electric power man-
agement apparatus 15 includes a clocking function/incorpo-
rates a timer, and measures, during the discharging of the
battery 21, the time elapsed from the start of the discharging.
When the result of this measurement satisfies a predeter-
mined condition (for example, when the battery 21 is
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discharged for the time indicated by the request 312), the
electric power management apparatus 15 outputs an instruc-
tion 317 to end the discharging of the battery 21. Thereafter/
substantially simultaneously, notification 318 indicating the
end of the discharging of the battery 21 is outputted from the
electric power management apparatus 15 to the gateway 92,
and notification 319 having the same content is outputted
from the gateway 92 to the server 91.

[0054] According to such an aspect, the battery 21 is
appropriately utilized, and an incentive for the battery 21
being utilized in response to the DR from the aggregator 9
can be given to the facility 1. Note that the incentive is
typically financial, but is only required to be any service.
[0055] In this embodiment, the request 311 (and 312)
indicates the request for the provision of electric power from
the facility 1 to the electric power system 9, the amount of
electric power, the time zone, the content of the incentive
when the request is accepted, and the like, but the same
applies to the case of providing electric power from the
electric power system 9 to the facility 1. That is, as another
embodiment, the request 311 may indicate a request for the
provision of electric power from the electric power system
9 to the facility 1, the amount of electric power, the time
zone, the content of an incentive when the request is
accepted, and the like. In this case, the electric power
management apparatus 15 can execute the charging of the
battery 21 when the charging rate of the battery 21 is smaller
than the upper limit value V2 at the time of receiving the DR
from the aggregator 9.

[0056] Incidentally, it is considered that electric power
actually/really transmitted from the battery 21 to the electric
power system 9 (hereinafter, referred to as “actual transmis-
sion electric power”) does not necessarily coincide with the
transmittable electric power. One of the causes is that the
electric characteristic of the battery 21 changes due to a
change in the utilization environment of the battery 21. For
example, in a low temperature environment such as -40
degrees or -20 degrees, the viscosity of the electrolyte
solution contained in the battery 21 increases, and accord-
ingly, the internal resistance increases, and the output volt-
age of the battery 21 decreases (see Japanese Patent No.
6483924).

[0057] As illustrated in FIG. 4, the electric power that can
be outputted from the battery 21 typically satisfies the
standard within a predetermined temperature range (for
example, a range of +0 degrees to 40 degrees). Therefore, for
example, when the battery 21 has a relatively low tempera-
ture or a high temperature, it becomes difficult to substan-
tially provide electric power from the facility 1 to the electric
power system 9. In such a case, even when the DR is
received from the aggregator 9 while the charging rate of the
battery 21 is within the target range RO, it can be said that
the appropriate utilization of the battery 21 is substantially
not executable. The continuing utilization of the battery 21
in such a case not only adds an unnecessary load to the
battery 21, but also adds an unnecessary load to peripheral
devices used for the utilization of the battery 21 such as the
electric power management apparatus 15.

[0058] FIG. 5 is a flowchart illustrating an example of an
electric power management method of the electric power
management apparatus 15 in the communication mode illus-
trated in FIG. 3, in which the above-described situation can
be prevented. Each step of this flowchart is started when the
electric connection between the facility 1 and the vehicle 2
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is realized (the cable of the vehicle connection mechanism
14 is connected to the vehicle 2), and is realized mainly by
the electric power management apparatus 15. The outline is
that the utilization of the battery 21 is started on the basis of
the DR from the aggregator 9, the transmittable electric
power and the actual transmission electric power are
acquired at a predetermined cycle during the utilization, and
the utilization is stopped on the basis of their results.
[0059] In step S1000 (Hereinafter, it is simply referred to
as “S1000”. The same applies to other steps described later),
the battery 21 is utilized in the mode described with refer-
ence to FIG. 2 (hereinafter, referred to as a “normal mode”).
[0060] In S1010, it is determined whether or not the DR is
present from the aggregator 9. If the DR is present, the
process proceeds to S1020. If not, the process returns to
S1000.

[0061] In S1020, a degree of the executable utilization of
the battery 21 is calculated, and whether or not the content
of the DR can be executed is determined on the basis of the
result (see FIG. 3). In this embodiment, the transmittable
electric power (the electric power that can be transmitted
from the battery 21 to the electric power system 9) is
calculated and acquired, and it is determined whether or not
the transmittable electric power satisfies the content of the
DR. If the content of the DR can be executed, the process
proceeds to S1030. If not, notification indicating that the
content of the DR cannot be executed is outputted to the
aggregator 9, and the process returns to S1000.

[0062] In S1030, an instruction to start the utilization of
the battery 21 (the instruction 313 in FIG. 3) is outputted so
that the content of the DR is executed. In this embodiment,
the discharging of the battery 21 is started in the mode
(hereinafter, referred to as a “DR mode”) described with
reference to FIG. 3.

[0063] In S1040, a degree of the actual utilization of the
battery 21 is measured, and the result is acquired. In this
embodiment, the actual transmission electric power (the
electric power actually/really transmitted from the battery 21
to the electric power system 9) is measured and acquired.
[0064] In S1050, a degree of the executable utilization
(here, the transmittable electric power) of the battery 21 is
calculated and acquired in a similar procedure to S1020.
[0065] In S1060, the result of the measurement in S1040
(here, the actual transmission electric power) is compared
with the result of the calculation in S1050 (here, the trans-
mittable electric power), and it is determined, on the basis of
the result of the comparison of them, whether or not the
utilization of the battery 21 can be continued. When the
utilization of the battery 21 can be continued, the process
proceeds to S1070. If not, the process proceeds to S1080.
[0066] Here, the determination in S1060 is only required
to be made on the basis of whether or not a predetermined
condition is satisfied. Examples of the condition include that
a difference between the actual transmission electric power
and the transmittable electric power is larger than a reference
value. Other examples include:

[0067] that the actual transmission electric power is
smaller/becomes smaller than a reference value (it is sub-
stantially 0); and

[0068] that the transmittable electric power is smaller/
becomes smaller than a reference value (it is substantially 0).
[0069] In this case, the determination in S1060 is per-
formed on the basis of one of the result of the measurement
in S1040 and the result of the calculation in S1050.
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[0070] In S1070, it is determined whether or not the time
indicated by the DR (here, the time indicated by the request
311 or 312 in FIG. 3) has elapsed from the start of the
utilization of the battery 21. If the time indicated by the DR
has elapsed, the process proceeds to S1080. If not, the
process returns to S1040.

[0071] In S1080, an instruction to end the utilization of the
battery 21 (the instruction 317 in FIG. 3) is outputted, and
the process returns to S1000. In this embodiment, this
completes the discharging of the battery 21 in the DR mode.
[0072] In short, while not receiving the DR from the
aggregator 9, the electric power management apparatus 15
charges or discharges the battery 21 in the normal mode (see
S1000). When receiving the DR from the aggregator 9, the
electric power management apparatus 15 charges or dis-
charges the battery 21 in the DR mode (see S1020 to S1080).
[0073] In S1020, the degree of the charging or discharging
executable for the battery 21 is calculated, and on the basis
of the calculation result, an instruction to charge or discharge
the battery 21 is outputted in S1030. During the execution of
the charging or discharging of the battery 21, the degree of
the charging or discharging of the battery 21 that is actually
being executed is acquired in S1040, and the degree of the
charging or discharging executable for the battery 21 is
calculated in S1050. Then, in S1060, the charging or dis-
charging of the battery 21 is stopped on the basis of a
difference between the result of the calculation in S1050 and
the result of the acquisition in S1040.

[0074] According to this embodiment, it is possible to
reduce an unnecessary load that can be applied to the battery
21 (and the peripheral devices used for the utilization
thereof, for example, the electric power management appa-
ratus 15 and the like), and the battery 21 can be appropriately
utilized. Alternatively/incidentally, a signal corresponding to
the difference described above (the difference between the
result of the calculation in S1050 and the result of the
acquisition in S1040) or a signal indicating the difference
may be transmitted to the aggregator 9. The aggregator 9 can
also update the DR in response to the signal, and such an
aspect can also reduce the unnecessary load that can be
applied to the battery 21.

[0075] In the above description, for ease of understanding,
each element is indicated by a name related to its functional
aspect, but each element is not limited to one having the
content described in the embodiment as a main function, and
may be one having the content supplementarily.

[0076] Some features of the embodiment are summarized
below:
[0077] A first aspect relates to an electric power manage-

ment apparatus (for example, 15). The electric power man-
agement apparatus manages electric power in a facility (for
example, 1) configured to be electrically connectable to a
vehicle (for example, 2) including a battery (for example,
21). The electric power management apparatus includes a
calculation unit (for example, S1020 and S1050) that cal-
culates a degree of charging or discharging executable for
the battery, an instruction unit (for example, S1030) that
gives an instruction on the charging or discharging, an
acquisition unit (for example, S1040) that acquires a degree
of the charging or discharging that is actually being executed
in response to the instruction of the instruction unit, and a
stopping unit (for example, S1060) that stops the charging or
discharging executed in response to the instruction of the
instruction unit on the basis of a difference between the
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calculated degree and the acquired degree. Thus, an unnec-
essary load that can be applied to the battery can be reduced,
and the battery can be appropriately utilized.

[0078] In a second aspect, the stopping unit stops the
charging or discharging when the difference between the
calculated degree and the acquired degree is larger than a
reference value. Thus, the first aspect can be appropriately
realized.

[0079] In a third aspect, the stopping unit stops the charg-
ing or discharging when the acquired degree is smaller than
a reference value. Thus, the first aspect can be appropriately
realized.

[0080] A fourth aspect relates to an electric power man-
agement apparatus (for example, 15). The electric power
management apparatus manages electric power in a facility
(for example, 1) configured to be electrically connectable to
a vehicle (for example, 2) including a battery (for example,
21). The electric power management apparatus includes a
reception unit (for example, S1010) that receives a request
for charging or discharging for the battery from outside (for
example, the aggregator 9), a calculation unit (for example,
S1020 and S1050) that calculates a degree of the executable
charging or discharging, an instruction unit (for example,
S1030) that gives an instruction on the charging or discharg-
ing in response to the request received by the reception unit,
an acquisition unit (for example, S1040) that acquires a
degree of the charging or discharging that is actually being
executed in response to the instruction of the instruction
unit, and a transmission unit that transmits a signal corre-
sponding to a difference between the calculated degree and
the acquired degree to the outside. According to such an
aspect as well, the battery can be appropriately utilized.
[0081] In a fifth aspect, a stopping unit (for example,
S1060) that stops the charging or discharging when the
difference between the calculated degree and the acquired
degree is larger than a reference value is further included.
Thus, effects similar to those of the first aspect can be
obtained.

[0082] In a sixth aspect, a stopping unit (for example,
S1060) that stops the charging or discharging when the
acquired degree is smaller than a reference value is further
included. Thus, effects similar to those of the first aspect can
be obtained.

[0083] In a seventh aspect, during the execution of the
charging or discharging, the calculation unit calculates the
degree at a predetermined cycle, and the acquisition unit
acquires the degree at a predetermined cycle. Thus, the
utilization mode of the battery can be made according to the
elapse of time.

[0084] An eighth aspect relates to an electric power man-
agement apparatus (for example, 15). The electric power
management apparatus manages electric power in a facility
(for example, 1) configured to be electrically connectable to
a vehicle (for example, 2) including a battery (for example,
21). The electric power management apparatus includes a
calculation unit (for example, S1020 and S1050) that cal-
culates a degree of discharging executable for the battery, an
instruction unit (for example, S1030) that gives an instruc-
tion on the discharging, an acquisition unit (for example,
S1040) that acquires a degree of the discharging that is
actually being executed in response to the instruction of the
instruction unit, and a stopping unit (for example, S1060)
that stops the discharging executed in response to the
instruction of the instruction unit on the basis of a difference
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between the calculated degree and the acquired degree.
Thus, effects similar to those of the first aspect can be
obtained.

[0085] A ninth aspect relates to an electric power man-
agement system (for example, SY). The electric power
management system includes the electric power manage-
ment apparatus (for example, 15) and a vehicle (for
example, 2) including the battery. That is, the above-de-
scribed electric power management apparatus can be applied
to various facilities that are electrically connectable to
vehicles.

[0086] In a tenth aspect, the electric power management
apparatus further includes a communication unit for com-
municating with the vehicle, and the information of the
communication by the communication unit does not include
temperature information (for example, the standard such as
ISO/IEC15118). That is, the above-described aspect can be
appropriately realized in the above-described electric power
management system regardless of the change in the utiliza-
tion environment of the battery.

[0087] The invention is not limited to the foregoing
embodiments, and various variations/changes are possible
within the spirit of the invention.

What is claimed is:

1. An electric power management apparatus that manages
electric power in a facility configured to be electrically
connectable to a vehicle including a battery, the electric
power management apparatus comprising:

a calculation unit that calculates a degree of charging or

discharging executable for the battery;

an instruction unit that gives an instruction on the charg-

ing or discharging;

an acquisition unit that acquires a degree of the charging

or discharging that is actually being executed in
response to the instruction of the instruction unit; and

a stopping unit that stops the charging or discharging

executed in response to the instruction of the instruc-
tion unit on the basis of a difference between the
calculated degree and the acquired degree.

2. The electric power management apparatus according to
claim 1, wherein

the stopping unit stops the charging or discharging when

the difference between the calculated degree and the
acquired degree is larger than a reference value.

3. The electric power management apparatus according to
claim 1, wherein

the stopping unit stops the charging or discharging when

the acquired degree is smaller than a reference value.

4. An electric power management apparatus that manages
electric power in a facility configured to be electrically
connectable to a vehicle including a battery, the electric
power management apparatus comprising:

a reception unit that receives a request for charging or

discharging for the battery from outside;
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a calculation unit that calculates a degree of the execut-

able charging or discharging;

an instruction unit that gives an instruction on the charg-

ing or discharging in response to the request received
by the reception unit;

an acquisition unit that acquires a degree of the charging

or discharging that is actually being executed in
response to the instruction of the instruction unit; and

a transmission unit that transmits a signal corresponding

to a difference between the calculated degree and the
acquired degree to the outside.

5. The electric power management apparatus according to
claim 4, further comprising

a stopping unit that stops the charging or discharging

when the difference between the calculated degree and
the acquired degree is larger than a reference value.

6. The electric power management apparatus according to
claim 4, further comprising

a stopping unit that stops the charging or discharging

when the acquired degree is smaller than a reference
value.

7. The electric power management apparatus according to
claim 1, wherein

during the execution of the charging or discharging, the

calculation unit calculates the degree at a predeter-
mined cycle, and the acquisition unit acquires the
degree at a predetermined cycle.

8. An electric power management apparatus that manages
electric power in a facility configured to be electrically
connectable to a vehicle including a battery, the electric
power management apparatus comprising:

a calculation unit that calculates a degree of discharging

executable for the battery;

an instruction unit that gives an instruction on the dis-

charging;

an acquisition unit that acquires a degree of the discharg-

ing that is actually being executed in response to the
instruction of the instruction unit; and

a stopping unit that stops the discharging executed in

response to the instruction of the instruction unit on the
basis of a difference between the calculated degree and
the acquired degree.

9. An electric power management system comprising:

the electric power management apparatus according to

claim 1; and

a vehicle including the battery.

10. The electric power management system according to
claim 9, wherein

the electric power management apparatus further includes

a communication unit for communicating with the
vehicle, and

the information of the communication by the communi-

cation unit does not include temperature information.

* * * * *



