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(57) Abrege/Abstract:
A control device of an electrical apparatus Is provided that is configured to be able to receive power from a facllity that recelves a
supply of power from a system power supply. An energy management system that manages power feeding to an electrical
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(57) Abrege(suite)/Abstract(continued):
apparatus Is also provided. The control device and the energy management system prevent interference of schedule management

functionality. According to one aspect, a home energy management system (HEMS) can manage a power feeding schedule
according to a first management function provided for managing the power feeding schedule for a vehicle. An electronic control
unit (ECU) of the vehicle is configured to manage a charging schedule according to a second management function provided for
managing the charging schedule for the vehicle. The ECU determines which, either the ECU or the HEMS, will manage the

schedule by comparing the first and second management functions.
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ABSTRACT
An HEMS 130 can manage a power feeding schedule according to a first
management function provided for managing the power feeding schedule for a vehicle 200.
An ECU 240 of the vehicle 200 is configured to manage a charging schedule according to
a second management function provided for managing the charging schedule for the
vehicle 200. The ECU 240 determines which, either the ECU 240 or the HEMS 130, will
manage the schedule by comparing the first management function of the HEMS 130 and

the second management function of the ECU 240.



CONTROL DEVICE OF ELECTRICAL APPARATUS AND ENERGY
MANAGEMENT SYSTEM

BACKGROUND OF THE INVENTION

I. Field of the Invention
[0001] The present invention relates to a control device of an electrical
apparatus and to an energy management system, and more particularly to a control
device of an electrical apparatus, configured to be able to receive power from a house
or a building that receives the supply of power from a system power supply and to an

energy management system that manages power feeding to such a electrical apparatus.

2. Description of Related Art

[0002]  Japanese Patent Application Publication No. 2012-70623 (JP
2012-70623 A) discloses a control device of a vehicle configured to be able to charge a
vehicle-mounted power storage device using power supplied from a power supply
external to the vehicle. If a charge reservation time is entered via a user operation,
this control device starts charging the power storage device according to the entered
reservation time. It a charge reservation timé 1S not entered, the control device
controls a charging circuit so that the charging of the power storage device is started
according to history data on the charging of the power storage device. This control
device can be used to adjust the charging schedule for the power storage device using a
power supply outside a vehicle (Japanese Patent Application Publication No.
2012-70623 (JP 2012-70623 A)).

[0003] Recently, as a system for use in a house or a building (hereinafter
simply called a “house™), attention has been paid to the Home Energy Management
System (HEMS) that can integrally monitor, and control, power feeding to an electrical
apparatus (for example, power feeding to an air conditioner or an electric car) capable

of receiving power from the power system.
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[0004] HEMS also manages the schedule of power feeding to the electrical
apparatus (power feeding start/stop, power feeding amount, power feeding time, and so
on). However, if an electrical apparatus (vehicle) also has the charging schedule
management function as described in Japanese Patent Application Publication No.

2012-70623 (JP 2012-70623 A), there may be interference between the schedule

management function of the electrical apparatus and the schedule management function

of IEMS.

SUMMARY OF THE INVENTION

[0005] The present invention provides a control device of an electrical
apparatus that 1s configured to be able to receive power from a house or a building
wherein, when the electrical apparatus has the schedule management function, the
control device of the electrical apparatus prevents interference with the schedule
management function of HEMS to appropriately manage power feeding to the electrical
apparatus.

[0006]  The present invention provides an energy management system that
is provided in a house or a building wherein the energy management system prevents
interference with the schedule management function of an electrical apparatus, which

receives power from the house or the building, to appropriately manage power feeding

to the electrical apparatus.

[0007]  According to one aspect of the present invention, the control device
1s a control device of an electrical apparatus configured to be able to receive power
from a facility that receives a supply of power from a system power supply. The
facility includes an energy management system (HEMS) that can manage a power
feeding schedule according to a first management function provided for managing the
power feeding schedule for feeding power to the electrical apparatus. The control
device includes a communication unit, a schedule management unit, and a control unit.
The communication unit communicates with the HEMS. The schedule management

unit manages the powcr feeding schedule according to a second management function
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provided for managing the power feeding schedule in the control device. The control
unit determines which, either the schedule management unit or the HEMS, will manage
the power feeding schedule by comparing the first management function of the HEMS
and the second management function of the control device.

[0008] In this control device, it is determined whether the control device of
the electrical apparatus will manage the power feeding schedule or the HEMS will
manage thc power teeding schedule by comparing the first management function of the
HEMS and the second management function of the electrical apparatus. Therefore,
this control device prevents interference between the schedule management function of
the electrical apparatus and the schedule management function of the HEMS, thus
appropriately managing power feeding to the electrical apparatus.

[0009]  The “facility” includes a house, a building, and a factory. The
HEMS 1is installed in a house, a building, and a factory. The “electrical apparatus”
includes an electric vehicle (hybrid vehicle, electric car, and so on), the battery of
which can be charged by a power supply external to the vehicle, and an air conditioner.

[0010]  Preferably, if a user participates in an incentive system for
implementing incentive-based demand response, the control unit may determine that
the HEMS will managc the power feeding schedule if the first management function
supports, and if the second management function does not support, the incentive-based

demand response. The control unit may determine that the schedule management unit

will manage the power feeding schedule if the first management function does not
support, and if the second management function supports, the incentive-based demand
response. The control unit may determinc that either the schedule management unit or
the HEMS will manage the power feeding schedule, based on whether the first
management function and the second management function support rate-based demand
response, 1f both or neither of the first management function and second management
tfunction supports the incentive-bascd demand response.

[0011] Preferably, the incentive-based demand response may include a

Direct Load Control (DLC) program and a Peak Time Rebate (PTR). In the DLC
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program, a user may be forced to reduce a load for reducing power according to the

incentive system. In the PTR program, a uscr may be requested to reduce power
according to the incentive system. If a user participates in the incentive system, the
control unit may determine that the HEMS will manage the power feeding schedule if
the first management function supports, and if the second management function does
not support, the DLC program. The control unit may determine that the schedule
management unit will manage the power feeding schedule if the first management
function does not support, and if the second management function supports, the DLC
program. The control unit may determine that the HEMS will manage the power
feeding schedule if both or neither of the first management function and the second
management function supports the DLC program and if the first management function
supports, and it the second management function does not support, the PTR program.
The control unit may determine that the schedule management unit will manage the
power feeding schedule if both or neither of the first management function and the
second management function supports the DLC program and if the first management
function does not support, and if the second management function supports, the PTR
program. The control unit may determine that the schedule management unit will
manage the power feeding schedule if both or neither of the first management function
and the second management function supports the PTR program.

[0012] Preferably, if a user participates in the incentive system and if both

or neither of the first management function and the second management function
supports the incentive-based demand response, the control unit may determine that the
[IEMS will manage the power feeding schedule if the first management function
supports, and if the second management function does not support, rate-based demand
responsc. The control unit may determine that the schedule management unit will
manage the power feeding schedule if the first management function does not support,
and 1f the second management function supports, the rate-based demand response.

The control unit may determine that the schedule management unit will manage the

power feeding schedule it both or neither of the first management function and second
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management function supports the rate-based demand response.

[0013] Preferably, if a user does not participate an incentive system for
implementing incentive-based demand response, the control unit may determine that
HEMS will manage the power feeding schedule if the first management function
supports, and if the second management function does not support, rate-based demand
response. The control unit may determine that the schedule management unit will
manage the power feeding schedule if the first management function does not support,
and if the second management function supports, the rate-based demand response.
The control unit may determine that the schedule management unit will manage the
power feeding schedule if both or neither of the first management function and second
management function supports the rate-based demand response.

[0014]  Preferably, the rate-based demand response may include a Real
Time Pricing (RTP) program, a Timec Of Use (TOU) program, and a Critical Peak
Pricing (CPP) program. In the RTP program, a rate may change in real time according
to a demand for power. In the TOU program, a rate may be set in advance on a time
zone basis. In the CPP program, a rate may rise at a power-demand peak time. If a
user participates in the incentive system and if both or neither of the first management
function and second management function supports the incentive-based demand
response or if a user does not participate in the incentive system, the control unit may
determine that the HEMS will manage the power feeding schedule it the first
management function supports, and if the second management function does not
support, the RTP program. The control unit may determine that the schedule
management unit will manage the power feeding schedule if the first management
function does not support, and if the second management function supports, the RTP
program. The control unmit may determine that the HEMS will manage the power
feeding schedule if both or neither of the first management function and second
management function supports the RTP program and if the first management function
supports, and it the second management function does not support, the TOU program.

The control unit may determine that the schedule management unit will manage the
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power feeding schedule if both or neither of the first management function and second
managcement function supports the RTP program and if the first management function
does not support, and if the second management function supports, the TOU program.
The control unit may determine that the HEMS will manage the power feeding
schedule if both or neither of the first management function and second management
function supports the TOU program and if the first management function supports, and
if the second management function does not support, the CPP program. The control
unit may determine that the schedule management unit will manage the power feeding
schedule if both or neither of the first management function and second management
function supports the TOU program and if the first management function does not
support, and if the second management function supports, the CPP program. The
control unit may determine that the schedule management unit will manage the power
feeding schedule if both or neither of the first management function and second
management function supports the CPP program.

[0015]  Preferably, the control unit may determing that the HEMS will
manage the power feeding schedule if the HEMS has, and if the control device does not

have, setting imformation on the power feeding schedule that 1s set by a user. The

control unit may determine that the schedule management unit will manage the power

feeding schedule if the control device has, and if the HEMS does not have, the setting

information.

[0016] Preferably, if both or neither of the HEMS and the control device
has the setting information, the control unit may determine that the HEMS will manage
the power [eeding schedule if the first management function includes, and if the second
management function does not include, a prediction function to predict a user behavior.
The control unit may determine that the schedule management unit will manage the
power feeding schedule if the first management function does not include, and if the
second management function includes, the prediction function.

[0017] Preferably, the electrical apparatus may be a vehicle configured to

receive power from the facility to be able to charge a vehicle-mounted charger.
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[0018]  According to another aspect of the present invention, the energy
management system is an energy management system (HEMS) provided in a facility
that receives a supply of power from a system power supply and configured to manage
feeding of power to an electrical apparatus that can reccive power from the facility.
The electrical apparatus is configured to be able to manage a power feeding schedule
according to a first management function provided for managing in the electrical
apparatus the power feeding schedule for feeding power from the facility to the
electrical apparatus. The HEMS includes a communication unit, a schedule
management unit, and a control unit. The communication unit communicates with the
electrical apparatus. The schedule management unit manages the power teeding
schedule according to a second management function provided for managing the power
feeding schedule. The control unit determines which, either the schedule management
unit or the electrical apparatus, will manage the power feeding schedule by comparing
the first management function of the electrical apparatus and the second management
function of the HEMS.

[0019] In this energy management system (HEMS), it is determined
whether the electrical apparatus will manage the power feeding schedule or the HEMS
will manage the power feeding schedule by comparing the first management function
of the electrical apparatus and the second management function of the HEMS.
Theretore, this HEMS prevents interference between the schedule management
function of the electrical apparatus and the schedule management function of the
HEMS, thus appropriately managing power feeding to the electrical apparatus.

[0020] Preferably, if a user participates In an incentive system for
implementing incentive-based demand response, the control unit may determine that
the electrical apparatus will manage the power feeding schedule if the first management
function supports, and if the second management function does not support, the
incentive-based demand response. The control unit may determine that the schedule
management unit will manage the power feeding schedule if the first management

function does not support, and if the second management function supports, the
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incentive-based demand response. The control unit may determine that either the
schedule management unit or the electrical apparatus will manage the power feeding
schedule, based on whether the first management function and the second management
function support rate-based demand response, if both or neither of the first management
function and second management function supports the incentive-based demand
response.

[0021]  Preferably, the incentive-based demand response may include a
Direct Load Control (DLC) program and a Peak Time Rebate (PTR) program. In the
DLC program, a user may be forced to reduce a load for reducing power according to
the incentive system. In the PTR program, a user may be requested to reduce power
according to the incentive system. If a user participates in the incentive system, the
control unit may determine that the electrical apparatus will manage the power feeding
schedule if the first management function supports, and if the second management
function does not support, the DLC program. The control unit may determine that the
schedule management unit will manage the power feeding schedule if the first
management function does not support, and if the second management function
supports, the DLC program. The control unit may determine that the electrical
apparatus will manage the power feeding schedule if both or neither of the first
management function and the second management function supports the DLC program
and if the first management function supports, and if the second management function
does not support, the PTR program. The control unit may determine that the schedule
management unit will manage the power feeding schedule if both or neither of the first
management function and the second management function supports the DLC program
and 1f the first management function does not support, and 1f the second management
function supports, the PTR program. The control unit may determine that the
clectrical apparatus will manage the power teeding schedule it both or neither of the
first management function and the second management function supports the PTR

program.

[0022] Preferably, if a user participates in the incentive system and if both
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or neither of the first management function and the second management function
supports the incentive-based demand response, the control unit may determine that the
electrical apparatus will manage the power feeding schedule if the first management
function supports, and if the second management function does not support, rate-based
demand response. The control unit may determine that the schedule management unit
will manage the power feeding schedule if the first management function does not
support, and if the second management function supports, the rate-based demand
response. The control unit may determine that the electrical apparatus will manage
the power [eeding schedule if both or neither of the first management function and
second management function supports the rate-based demand responsc.

[0023] Preferably, if a user does not participate an incentive system for
implementing incentive-based demand response, the control unit may dectermine that
the electrical apparatus will manage the power feeding schedule if the first management
function supports, and if the second management function does not support, rate-based
demand response. The control unit may determine that the schedule management unit
will manage the power feeding schedule if the first management function does not
support, and 1f the second management function supports, the rate-based demand
response. The control unit may determine that the electrical apparatus will manage
the power feeding schedule if both or neither of the first management function and
second management function supports the rate-based demand response.

[0024] Preferably, the rate-based demand response may include a Real
Time Pricing (RTP) program, a Time Of Use (TOU) program, and a Critical Peak
Pricing (CPP) program. In the RTP program, a rate may change in real time according
to a demand for power. In the TOU program, a rate may be set in advance on a time
zone basis. In the CPP program, a rate may rise at a power-demand peak time. If a
user participates in the incentive system and if both or neither of the first management
function and second management function supports the incentive-based demand
response or if a uscr does not participate in the incentive system, the control unit may

determine that the electrical apparatus will manage the power feeding schedule if the

CA 2922836 2017-08-28



10

first management function supports, and it the second management function docs not
support, the RTP program. The control unit may determine that the schedule
management unit will manage the power feeding schedule if the first management
function does not support, and if the second management function supports, the RTP
program. The control unit may determine that the electrical apparatus will manage the
power feeding schedule if both or neither of the first management function and second
management function supports the RTP program and if the first management function
supports, and 1f the second management function does not support, the TOU program.
The control unit may determine that the schedule management unit will manage the
power feeding schedule if both or neither of the first management function and second
management function supports the RTP program and if the first management function
does not support, and if the second management function supports, the TOU program.
The control unit may determine that the electrical apparatus will manage the power
feeding schedule if both or neither of the first management function and second
management function supports the TOU program and if the first management function
supports, and 1t thc second management function does not support, the CPP program.
The control unit may determine that the schedule management unit will manage the
power feeding schedule if both or neither of the first management function and second

management function supports the TOU program and if the first management function
does not support, and if the seccond management function supports, the CPP program:.

[n addition, the control unit may determine that the electrical apparatus will manage the
power feeding schedule if both or neither of the first management function and second
managcement function supports the CPP program.

[0025]  Preferably, the control unit may determine that the schedule
management unit witl manage the power feeding schedule if the HEMS has, and if the
electrical apparatus does not have, setting information on the power feeding schedule
that 1s set by a user. The control unit may determine that the electrical apparatus will

manage the power feeding schedule if the electrical apparatus has, and if the HEMS

does not have, the setting information.
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10026] Preferably, if both or neither of the HEMS and the electrical
apparatus has the setting information, the control unit may determine that the electrical
apparatus will manage the power feeding schedule if the first management function
includes, and if the second management function does not include, a prediction function
to predict a user behavior. The control unit may determine that the schedule
management unit will manage the power feeding schedule 1t the first management
function does not include, and if the second management function includes, the
prediction function,

[0027]  Preferably, the electrical apparatus may be a vehicle configured to
receive power from the facility to be able to charge a vehicle-mounted charger.

[0028]  According to the aspects described above, interference between the

schedule management function of an electrical apparatus that receives power from a
house or a building and the schedule management function of HEMS is prevented to

appropriately manage power feeding to the electrical apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]  Features, advantages, and technical and industrial sigmficance ot
exemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a general block diagram showing a power supply system to which a
control device of an electrical apparatus in a first embodiment of the present invention
is applied;

FIG. 2 is a diagram showing demand response methods;

FIG. 3 is a functional block diagram of the ECU shown in FIG. 1;

FIG. 4 is a flowchart showing a processing procedure for determining which,
either the ECU of a vehicle or HEMS, will manage the schedule of power feeding from
a house to the vehicle (charging of the power storage unit of the vehicle);

F1G. 5 15 a flowchart showing a processing procedure for determining which,

either the ECU of a vehicle or HEMS, will manage the schedule of power feeding from
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a house to the vehicle in a second embodiment (charging of the power storage unit of
the vehicle);

FIG. 6 is a flowchart showing the “user behavior prediction function
confirmation processing” performed in step S170 in FIG. 5;

FIG. 7 is a flowchart showing the “user behavior prediction function
confirmation processing” performed in step S170 in FIG. 5 in a third embodiment;

FIG. 8 is a flowchart showing the “determination processing based on demand
response” performed in step S235 1n FIG. 7;

FIG. 9 1s a functional block diagram of HEMS in a fourth embodiment;

FIG. 10 1s a flowchart showing a processing procedure for determining which,
either HEMS or a vehicle, will manage the schedule of power feeding from a house to
the vehicle in a fourth embodiment;

FIG. 11 1s a flowchart showing a processing procedure for determining which,
either HEMS or a vehicle, will manage the schedule of power feeding from a house to
the vehicle in a fifth embodiment; and

FIG. 12 1s a flowchart showing a processing procedure for determining which,
either the ECU of a vehicle or HEMS, will manage the schedule of power feeding from
a house to the vehicle in a sixth embodiment (charging of the power storage unit of the

vehicle).

DETAILED DESCRIPTION OF EMBODIMENTS
[0030] Embodiments of the present invention are described in detail below
with reference to the drawings. Although a plurality of embodiments is described
below, it has been intended since the filing of the subject application that the
configurations described in the embodiments are combined as necessary. In the
description below, the same reference numeral is used for the same or equivalent
component and the duplicated description is not repeated.

[0031]  (General configuration of the system) [First embodiment] FIG. 1 is

a general block diagram showing a power supply system to which a control device of
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an electrical apparatus in the first embodiment of the present invention is applied.

Referring to FIG. 1, the power supply system includes a house 100, a vehicle 200 that 1s
an example of the electrical apparatus described above, and a system power supply 300.

[0032]  The house 100 is a facility that receives a supply of power from the
system power supply 300. The vehicle 200 is an electrical apparatus that can receive
power from the house 100. Although represented by the house 100 in the first
embodiment and the subsequent embodiments, the facility is not limited to the house
100 but may be any other facility such as a building or a factory. In addition, although
represented by the vehicle 200 in the first embodiment and the subsequent
cmbodiments, the electrical apparatus is not limited to the vehicle 200. For example,
the electrical apparatus may be an electrical apparatus that configures a home
automation (HA) system such as an air conditioning integrated management system or

a hot-water supply system or may be an electrical apparatus that conforms to a

communication standard such as ECHONET (registered trademark) or ECHONETLIte

(registered trademark).

[0033] The house 100 includes a distribution board 110, a load 120,
HEMS 130, and a power line 140. The distribution board 110 is a device that supplies
power, supplied from the system power supply 300, to the load 120 in the house 100 or
to the vehicle 200 electrically connected to the power line 140 via a power cable 150.
The distribution board 110 has a power sensor (not shown) that measures each of the

power received from the system power supply 300 and the power ted to the load 120

and the vehicle 200. The measured value of each power is output to the HEMS 130.
[0034] The distribution board 110 has a control switch (not shown) that is

controlled by the HEMS 130 for feeding or interrupting power to the load 120 and the
vehicle 200. That is, the distribution board 110 is controlled by the HEMS 130 to
control the feeding and interruption of power to the load 120 and the vehicle 200. The
distribution board 110 may also have a breaker that can interrupt the reception of power

from the system power supply 300. The load 120 generically indicates various

electric loads (such as an air conditioner) in the house 100.
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[0035] The HEMS 130 monitors the power teeding from the system power
supply 300 to the load 120 and the vehicle 200 and displays, all at a time, the amounts
of power teeding to the load 120 and vehicle 200. In addition, the HEMS 130 controls
the power feeding from system power supply 300 to the load 120 and the vehicle 200.
For example, the HEMS 130 can communicate with an electric power provider 310 that
manages the system power supply 300 and, from the electric power provider 310,
receive the information on “demand response™ provided by the electric power provider
310. DBased on the received information, the HEMS 130 can manage the schedule of
power feeding (power feeding start/stop, power feeding amount, power feeding time,
and so on) to the load 120 and the vehicle 200.

[0036] Demand response refers, in general, to a mechanism by which a
consumer of electricity changes the demand amount to keep supply and demand for
electricity in balance. Demand response is provided to reduce the load based on a
contract with the electric power provider 310 or to allow a consumer to adjust the
demand amount based on the electricity rate system provided by the electric power
provider 310.

[0037]  As will be described later, the vehicle 200 also has its own charging
schedule management function based on demand response, meaning that there may be
Interference between the schedule management function of the HEMS 130 and the
schedule management function of the vehicle 200. In the first embodiment, the
HEMS 130 and the vehicle 200 are contigured so that they can communicate with each
other, and the vehicle 200 compares these two schedule management functions to
prevent interference between schedule management by these two functions. Demand

response and the above-described control of the vehicle 200 will be described later in

detail.

|[0038]  Communication between the HEMS 130 and the vehicle 200 may

be carried out by power line communication (PLC) via the power line 140 and the

power cable 150 or by wireless communication.

[0039]  The vehicle 200 includes a charger 210, a power storage unit 220, a
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driving unit 230, and an electronic control unit (hereinafter called an ECU) 240. The
charger 210, controlled by the ECU 240, converts the voltage level of the power,
received from the house 100 via the power cable 150, to the voltage level of the power
storage unit 220 and outputs the converted powcr to the power storage unit 220. The
charger 210 is configured by a rectifier, an inverter, and so on. The charger 210 may
also be configured so that the power can be converted in two ways to allow the power,
stored in the power storage unit 220, to be supplied to the house 100 via the power
cable 150. The method of receiving power from the house 100 is not limited to the
so-called “plug-in” method that uses the power cable 150; instead of this method, the
power output from the power transmission ¢oil on the house 100 side may be received
by the power reception coil in the non-contact power transmission mode.

[0040]  The power storage unit 220 can store the power, received from the
charger 210, and supply the stored power to the driving unit 230. 'The power storage
unit 220 is configured by a secondary battery, such as a nickel-hydrogen battery or a
lithium-ion battery, an electric double layer capacitor, and so on. The power storage
unit 220 can also store the power regenerated by the driving unit 230 when the vehicle
applies the brake during traveling.

[0041}] The driving unit 230 generates driving power for driving the

driving wheels (not shown) to causc the vehicle 200 to travel.  Although not shown in

the figure, a converter and an inverter, which receive a supply of power from the power
storage unit 220, and a motor, which i1s driven by the inverter to drive the driving
wheels, are included in the driving unit 230. The driving unit 230 may include a
generator for generating power for charging the power storage unit 220 as well as an

cnginc capable of driving that generator.

[0042]  The ECU 240, which includes a central processing unit (CPU), a
memory, an tnput/output buffer, and so on (none shown), performs various types of
control in the vehicle 200. A representative example is that, when the ignition key (or

switch) is turned on to request the start of the traveling system that includes the driving

unit 230, the ECU 240 controls the driving unit 230 to control the traveling of the
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vehicle 200.

10043] In addition, when a request to charge the power storagé unit 220
from the house 100 (system power supply 300) is received, the ECU 240 drives the
charger 210 to perform charging control for charging the power storage unit 220. In
addition, the ECU 240, capable of communicating with the electric power provider 310
via the HEMS 130, rcceives the information on demand response from the electric
power provider 310. The ECU 240 may as well communicate directly with the
clectric power provider 310. Based on the received information on demand response,
the ECU 240 can manage the schedule of charging the power storage unit 220 (charging
start/stop, charging power, charging time, and so on) from the house 100 (system power
supply 300). Demand response is described below.

[0044] (Description of demand response) FIG. 2 1s a diagram showing
demand response methods. Although the demand response methods are not limited to
those shown in FIG. 2, it is supposed in the first embodiment and the subsequent
embodiments that the five methods described below are provided by the electric power
provider 310.

[0045] Referring to FIG. 2, the demand response methods are divided
roughly into two: rate-based demand response and incentive-based demand response.
The rate-based demand response 1s a system in which the electric power provider
informs a consumer about the power rates, such as a time-based rate, to encourage the
consumer to reduce demand when the power supply is critical. The incentive-based
demand response is a system in which a consumer can receive an incentive by reducing
the load according to the contract between the electric power provider and the
consumer (user).

[0046]  The rate-based method includes the Time Of Use (TOU) program,
Critical Peak Pricing (CPP) program, and Real Time Pricing (RTP) program. The
TOU program is a program in which, with a time-based rate table prepared in advance,
the pricing during a power-demand peak time zone is set higher than the pricing during

an oft-peak time zone to encourage a consumer to reduce the power demand. The
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CPP program is a program in which the rate is set significantly higher when the power
supply is critical to encourage a consumer to reduce the demand at power-demand peak
time. The RTP program is a program in which the rate is c'hanged in real time
according to the demand characteristics to smooth the demand according to the demand
characteristics.

[0047] The incentive-based method includes the Peak Time Rebate (PTR)
program and the Direct Load Control (DLC) program. The PTR program is a program
in which, according to the contract between the electric power provider and a consumer,
the consumer is requested to reduce the load when the power supply is critical and a
consumer, who takes an action to reduce the load, is given an incentive. The DLC
program is a program in which, according to the contract between the electric power
provider and a consumer, the consumer is forced to reduce or interrupt the load when
the power supply is critical and the consumer is given an incentive when the contract is
made.

[0048] Referring to FIG. 1 again, the ECU 240 has the schedule
management function by which the power storage unit 220 is charged from the house
100 (system power supply 300) based on the information on demand response received
from the electric power provider 310 as described above. On the other hand, the
HEMS 130 in the house 100 also has the schedule management function by which

power 1s fed to the vehicle 200 based on the information on demand response received

from the electric power provider 310.
[0049]  If the vehicle 200, which receives a supply of power from the house

100, also has the schedule management function as described above, there may be

interference between the schedule management function of the vehicle 200 (ECU 240)
and the schedule management function of the HEMS 130. To address this problem,
the ECU 240 communicates with the HEMS 130 in the first embodiment to compare its
own schedule management function with the schedule managemént tunction of the

HEMS 130. After that, based on the comparison result, the ECU 240 determines
which, either the ECU 240 itself or the HEMS 130, will manage the schedule of power
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feeding from the house 100 to the vehicle 200 (charging of the power storage unit 220).
This prevents interference between the schedule management function of the ECU 240
and the schedule management function of the HEMS 130, thus appropriately managing
the power teeding from the house 100 to the vehicle 200 (charging of the power storage
unit 220).

[0050] FIG. 3 15 a functional block diagram of the ECU 240 shown 1n FIG.
1. Note that, out of the various control parts performed by the ECU 240, FIG. 3 shows
only the part that 1s extracted in order to show the control for charging the power
storage unit 220 with the use of the charger 210. Referring to FIG. 3, the ECU 240
includes a communication unit 410, a control unit 420, a schedule management unit 430,
and a charging control unit 440.

[0051]  The communication unit 410 i1s configured by the communication
apparatuses for communicating with the HEMS 130 in the house 100 (FIG. 1). For
example, the communication unit 410 includes the apparatuses for carrying out power
line communication (PLC) with the HEMS 130 via the power line when the vehicle 200
1s connected to the house 100 via the power cable 150. Instead, the communication

unit 410 may include the apparatuses for carrying out wireless communication with the

HEMS 130.
[0052] The control unit 420 determines which, either the ECU 240 itself

(schedule management unit 430 that will be described later) or the HEMS 130, will
manage the schedule of power feeding from the house 100 to the vehicle 200 (charging
of the power storage unit 220). In more detail, the control unit 420 communicates
with the HEMS 130 via the communication unit 410 and, according to the processing
flow that will be described later, compares the schedule management function of the
ECU 240 (schedule management function for charging with the use of the charger 210)
and the schedule management function of the HEMS 130 (schedule management
lunction for power feeding to the vehicle 200). After that, based on the comparison
result, the control unit 420 determines whether the vehicle 200 (ECU 240) will manage

the schedule or the HEMS 130 in the house 100 will manage the schedule. The
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processing flow performed by the control unit 420 will be described in detail later.

[0053] If 1t 1s determined that the vehicle 200 (ECU 240) will manage the
schedule, the control unit 420 informs the schedule management unit 430 about it. On
the other hand, if it 1s determined that the HEMS 130 will manage the schedule, the
control unit 420 informs the HEMS 130 about it via the communication unit 410.

[0054] If the control unit 420 determines that the vehicle 200 (ECU 240)
will manage the schedule, the schedule management unit 430 creates a schedule for
charging the power storage unit 220 with the use of the charger 210 and executes the
schedule. In the first embodiment, the ECU 240 receives the information on demand
response. provided by the electric power provider 310, from the HEMS 130 via the
communication unit 410. Based on the received demand response information, the
schedule management unit 430 creates and executes the schedule.

[0055]  When a charging execution command is received from the schedule
management unit 430, the charging control unit 440 generates a signal for driving the
charger 210 and outputs the generated signal to the charger 210. In addition, when a
charging stop command is received from the schedule management unit 430, the
charging control unit 440 generates a signal for stopping the charger 210 and outputs
the generated signal to the charger 210.

[0056] [t the control unit 420 determines that the HEMS 130 will manage
the schedule, the HEMS 130 is informed about it. Then, the HEMS 130 creates a
schedule of power feeding from the house 100 to the vehicle 200 and executes the
created schedule. More specifically, the HEMS 130 creates the schedule based on the
information on demand response, received from the electric power provider 310, and
executes the created schedule. After that, the charging execution command/stop
command 1s sent {from the HEMS 130 to the ECU 240 and, according to the command

received from the communication unit 410, the charging control unit 440 controls the

charger 210.

[0057]  FIG. 4 is a flowchart showing a processing procedure for
determining which, either the ECU 240 of the vehicle 200 or the HEMS 130, will
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manage the schedule of power feeding from the house 100 to the vehicle 200 (charging
of the power storage unit 220 of the vehicle 200).

[0058]  Referring to FIG. 4, the ECU 240 communicates with the HEMS
130 to determine whether the HEMS 130 has the schedule management function for
power feeding to the vehicle 200 (step S10). [f the HEMS 130 does not have the
schedule management function (NO in step S10), the ECU 240 determines that the
ECU 240 will manage the schedule for charging the power storage unit 220 with the
use of the charger 210 (step S90).

10059] If it is determined in step S10 that the HEMS 130 has the schedule
management function (YES in step S10), the ECU 240 determines whether the user
participates in the incentive system of demand responsc (stecp S20). The ECU 240
determines whether the user participates in the incentive system, based on whether the
incentive-based contract 1s made between the user and the electric power provider.
The information on whether the user participates in the incentive system 1s owned by
the HEMS 130. The ECU 240 can communicate with the HEMS 130 to acquire that
information.

[0060]  If it is determined in step S20 that the user participates in the
incentive system (YES in step S20), the ECU 240 determines whether the HEMS 130
and the vehicle 200 support the Direct Load Control (DLC) program (step S30). As
described above, the incentive-based method includes the Peak Time Rebate (PTR)

program and the DLC program. In this step, a determination is made whether each of
the HEMS 130 and the vehicle 200 (ECU 240) supports the DLC program.

[0061]  If it 1s determined in step S30 that only the HEMS 130 supports the
DLC program (“HEMS only” in step S30), the ECU 240 determines that the HEMS
[30 will manage the charging schedule for the vehicle 200 (schedule of power feeding
from the house 100 to the vehicle 200) (step S80). On the other hand, if it is
determined in step S30 that only the vehicle 200 (ECU 240) supports the DLC program
(“vehicle only” in step S30), the ECU 240 proceeds to the processing in step S90 and

determines that the ECU 240 will manage the charging schedule for the vehicle 200.
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[0062] If it is determined in step S30 that both or neither of the HEMS 130
and the vehicle 200 (ECU 240) supports the DLC program (“both or neither” in step
S30), the ECU 240 determines whether the HEMS 130 and the vehicle 200 support the
PTR program (step S40).

[0063]  If it is determined in step S40 that only the HEMS 130 supports the
PTR program (“HEMS only” in step S40), the ECU 240 proceeds to the processing in
step S80 and determines that the HEMS 130 will manage the charging schedule for the
vehicle 200 (schedule of power feeding from the house 100 to the vehicle 200). On
the other hand, if it is determined in step S40 that only the vehicle 200 (ECU 240)
supports the PTR program (*vehicle only” in step S40), the ECU 240 proceeds to the
processing 1n step S90 and determines that the ECU 240 will manage the charging
schedule for the vehicle 200.

[0064]  For the incentive-based method, the DLC program has propriety
over the PTR program in the first embodiment as described above. In the DLC
program, a consumer is forced to reduce or interrupt the load when the power supply 1s
critical. Therefore, if one of the HEMS 130 and the vehicle 200 (ECU 240) supports
the DLC program, the charging schedule 1s managed preferentially according to its

schedule management.

[0065] If 1t 1s determincd in step S40 that both or neither of the HEMS 130
and the vehicle 200 (ECU 240) supports the PTR program (“both or neither” in step
540), the ECU 240 determines whether the HEMS 130 and the vehicle 200 support the
rate-based Real Time Pricing (RTP) program (step S50). That is, if the comparison of
the incentive-based functions indicates that it cannot be determined which, either the
HEMS 130 or the vehicle 200, will manage the schedule, the comparison of the
rate-based functions is performed next. The rate-based method includes the Time Of
Use (TOU) program, Critical Peak Pricing (CPP) program, and Real Time Pricing
(RTP) program. First, the ECU 240 determines whether each of the HEMS 130 and
the vehicle 200 (ECU 240) supports the RTP program.

[0066] It it 1s determined in step S50 that only the HEMS 130 supports the
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RTP program (“HEMS only” in step S50), the ECU 240 proceeds to step S80 and
determines that thc HEMS 130 will manage the charging schedule for the vehicle 200
(schedule of power feeding from the house 100 to the vehicle 200). On the other hand,
tf 1t 1s determined in step S50 that only the vehicle 200 (ECU 240) supports the RTP
program (“‘vehicle only” in step S50), the ECU 240 proceeds to the processing in step
590 and determines that the ECU 240 will manage the charging schedule for the
vehicle 200.

[0067] If 1t 1s determined 1n step S50 that both or neither of the HEMS 130
and the vehicle 200 (ECU 240) supports the RTP program (“both or neither” in step
S50), the ECU 240 determines whether the HEMS 130 and the vehicle 200 support the
Time Of Use (TOU) program (step S60).

[0068] If it is determined in step S60 that only the HEMS 130 supports the
TOU program (“HEMS only” in step S60), the ECU 240 proceeds to the processing in
step S80 and determines that the HEMS 130 will manage the charging schedule for the
vehicle 200 (schedule of power feeding from the house 100 to the vehicle 200). On
the other hand, if it is determined in step S60 that only the ECU 240 supports the TOU
program (“vehicle only” in step S60), the ECU 240 proceeds to the processing in step
S90 and determines that the ECU 240 will manage the charging schedule for the
vehicle 200.

[0069] It it i1s determined in step S60 that both or neither of the HEMS 130
and the vehicle 200 (ECU 240) supports the TOU program (“both or neither” in step
560), the ECU 240 determines whether the HEMS 130 and the vehicle 200 support the
Critical Peak Pricing (CPP) program (step S70).

[0070] It it 1s dctermined in step S70 that only the HEMS 130 supports the
CPP program (*“HEMS only™ in step S70), the ECU 240 proceeds to the processing in -
step S80 and determines that the HEMS 130 will manage the charging schedule for the
vehicle 200 (schedule of power feeding from the house 100 to the vehicle 200). On

| the other hand, if it is determined in step S70 that only the ECU 240 supports the CPP

program (“vehicle only” in step S70), the ECU 240 proceeds to the processing in step
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S$90 and determines that the ECU 240 will manage the charging schedule for the
vehicle 200. The processing procedure shown in FIG. 4 ends at step S100.

[0071] For the rate-based method, the priority is in the order of the RTP
program, 1TOU program, and CPP program in the first embodiment as described above.

[0072]  If it is determined in step S70 that both or neither of the HEMS 130
and the vehicle 200 (ECU 240) supports the CPP program (“both or neither” in step
S70), the ECU 240 proceeds to the processing in step S90 and determines that the ECU
240 will manage the charging schedule for the vehicle 200. In this case, the
comparison of the demand response functions indicates that it cannot be determined
which, cither the HEMS 130 or the vehicle 200 (ECU 240), will manage the schedule.
In such a case, because there are elements other than demand responses, for example,
the durability of the charger or other empirical values, as the considerations for the
charging schedule in the vehicle 200, it is determined that the ECU 240 of the vehicle
200 will managc the charging schedule.

[0073]  On the other hand, if it is determined in step S20 that the user does
not participates in the incentive system (NO in step S20), the ECU 240 proceeds to the
processing in step S50. That is, if the user does not participate in the incentive system,
the function comparison is performed, not for the functions of the incentive-based
method, but only for the functions of the rate-based method.

[0074)] In the first embodiment, the schedule management function of the

HEMS 130 and the schedule management function of the vehicle 200 (ECU 240) are

compared for the schedule management of power feeding from the house 100 to the
vehicle 200 (charging of the powcer storage unit 220 in the vehicle 200) as described
above. More specifically, the support states of the both are compared for each method
of demand response. After that, based on the comparison result, it is determined
which, either the vehicle 200 (ECU 240) or the HEMS 130, will manage the schedule.
Therefore, this first embodiment prevents interference between the schedule
management function of the vehicle 200 (ECU 240) and the schedule management

function of the HEMS 130, thus appropriately managing power feeding from the house
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100 to the vehicle 200 (charging of the power storage unit 220 in the vehicle 200).

[0075]) [Second embodiment] In the first embodiment, the schedule
management function of the vehicle 200 (ECU 240) and the schedule management
function of the HEMS 130 are compared for the support states of each method of
demand response. In this second embodiment, the vehicle 200 (ECU 240) and the
HEMS 130 are compared for the presence of the user setting information on the
schedule and, if there is no user setting information, for the presence of the user
behavior prediction function. After that, based on the comparison result, it is
determined which, either the vehicle 200 (ECU 240) or the HEMS 130, will manage the
schedule. ‘

[0076]  The general configuration of a power supply system, and the
configuration of the ECU 240 of the vehicle 200, in the second embodiment are the
same as those shown in FIG. 1 and FIG. 3.

[0077]  FIG. 5 1s a ftlowchart showing a processing procedure for
determining which, either the ECU 240 of the vehicle 200 or the HEMS 130, will
manage the schedule of power feeding from the house 100 to the vehicle 200 (charging
of the power storage unit 220 of the vehicle 200) in the second embodiment.

[0078]  Referring to FIG. 5, the ECU 240 communicates with the HEMS
130 to determine whether the HEMS 130 has the schedule management function for

power feeding to the vehicle 200 (step S110). If the HEMS 130 does not have the
schedule management function (NO in step S110), the ECU 240 determines that the

ECU 240 will manage the schedule for charging the power storage unit 220 with the
use of the charger 210 (step S130).

[0079]  Ifit is determined in step S110 that the HEMS 130 has the schedule
management function (YES in step S110), the ECU 240 determines whether the HEMS
130 and the vehicle 200 (ECU 240) hold the user setting information on the schedule
(step S120). Although not shown explicitly in FIGS. | and 3, each of the vehicle 200
and the HEMS 130 has an input unit via which the user can set a schedule of power

feeding from the house 100 to the vehicle 200 (charging of the power storage unit 220
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[0080]  If it 1s determined in step S120 that only the vehicle 200 holds the
user setting information (*“‘vehicle only™ in step S120), the ECU 240 proceeds to the
processing 1n step S130 and determines that the ECU 240 will manage the charging
schedule for the vehicle 200. If it is determined in step S120 that only the HEMS 130
holds the user setting information (“HEMS only” in step S120), the ECU 240
determines that the HEMS 130 will manage the charging schedule for the vehicle 200
(schedule of power feeding from the house 100 to the vehicle 200) (step S140).

|0081]  If i1t is determined in step S120 that both the HEMS 130 and the
ECU 240 hold the user setting information on the charging schedule for the vehicle 200
(“both™ 1n step S120), the ECU 240 determines whether the setting date/time of the
setting information held by the ECU 240 and the sectting date/time of the setting
information held by the HEMS 130 are the same (step S150). If it is determined that
the setting dates/times are not the same (NO in step S150), the ECU 240 determines
that either the HEMS 130 or the ECU 240, whichever has the schedule with an earlier
setting date/time, will manage the charging schedule (step S160).

[0082]  If it is determined in step S120 that neither HEMS 130 nor the ECU
240 holds the user setting information on the charging schedule for the vehicle 200
(“neither” in step S120) or if it is determined in step S150 that the setting dates/times
are the same (YES in step S150), the ECU 240 confirms the presence of the “user
behavior prediction function” that predicts the user behavior (step S170). The
processing procedure shown in FIG. 5 ends at step S180.

[0083] FIG. 6 i1s a flowchart showing the ‘‘user behavior prediction
function confirmation processing” performed in step S170 in FIG. 5. Referring to FIG.
0, the ECU 240 determines whether the HEMS 130 and the vehicle 200 (ECU 240)
have the *user behavior prediction function” (step S210). The “user behavior
prediction function” refers to the function to learn about the daily behavior of the user
and to predict the behavior of the user based on the learning result. For example, if

the user charges the vehicle 200 in a predetermined time zone every night at midnight,
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the function predicts such a user’s behavior.

[0084]  If it is determined in step S210 that only the HEMS 130 has the
user behavior prediction function (“HEMS only” in step S210), the ECU 240
determines that the HEMS 130 will manage the charging schedule for the vehicle 200
(schedule of power feeding from the house 100 to the vehicle 200) (step S220). On
the other hand, if it is determined in step S210 that only the vehicle 200 has the user
behavior prediction function (“vehicle only” in step S210), the ECU 240 determines
that the ECU 240 will manage the charging schedule for the vehicle 200 (step S230).

[0085] If 1t is determined in step S210 that both or neither of the HEMS
130 and the ECU 240 has the user behavior prediction function (“both or neither” in
step S210), the ECU 240 proceeds to the processing in step S230 and determines that
the ECU 240 will manage the charging schedule for the vehicle 200. In this case, the
comparison of the presence of the user setting information and the comparison of the
presence of the user behavior prediction function indicate that it cannot be determined
which, either the HEMS 130 or the ECU 240, will manage the schedule. In such a
case, because there are elements other than demand responses, for example, the
durability of the charger or other empirical values, as the considerations for the
charging schedule in the vehicle 200, it is determined that the ECU 240 of the vehicle
200 will manage the charging schedule. At step S240, the processing returns to the
processing shown in FIG. 5.

10086] In the second embodiment, the vehicle 200 (ECU 240) and the
HEMS 130 are compared for the presence of the user setting information on the
schedule and, if neither has the user setting information or if the setting dates/times of
the user setting information are the same, for the presence of the user behavior
prediction function as described above. After that, based on the comparison result, it
1s determined which, either the vehicle 200 (ECU 240) or the HEMS 130, will manage
the schedule. Therefore, this second cmbodiment too prevents interference between
the schedule management function of the vehicle 200 (ECU 240) and the schedule

management function of the HEMS 130, thus appropriatcly managing power feeding
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from the house 100 to the vehicle 200 (charging of the power storage unit 220 in the
vehicle 200).

[0087] |Third embodiment] A third embodiment corresponds to a
combination of the first and second embodiments described above. In the third
embodiment, the schedule management based on the user setting information or the
user behavior prediction has priority over the schedule management based on the
support states of demand response. That is, the vehicle 200 (ECU 240) and the HEMS
130 are compared first for the presence of the user setting information on the schedule
and, 1f neither has the user setting information or if the setting dates/times of the user
setting intormation are the same, for the presence of the user behavior prediction
function. After that, the both are compared for the support states of each method of
demand response.

[0088]  The general flow of a processing procedure for determining which,
either the ECU 240 of the vehicle 200 or the HEMS 130, will manage the schedule of
power [eeding from the house 100 to the vehicle 200 in the third embodiment (charging
of the power storage unit 220 in the vehicle 200) 1s shown by the flow shown in FIG. 5.
The contents of the “user behavior prediction function confirmation processing”
performed in step S170 differ from those in the second embodiment.

[0089] FIG. 7 is a flowchart showing the “user behavior prediction
function confirmation processing” performed in step S170 in FIG. 5 in the third
embodiment. Referring to FIG 7, the tlowchart differs from the flowchart in the
second embodiment shown in FIG. 6 in that the flowchart further includes step S235.

[0090] That 1s, if 1t 1s determined in step S210 that both or neither of the
HEMS 130 and the ECU 240 has the user behavior prediction function (“both or
neither” in step S210), the ECU 240 performs the determination processing based on
demand response (step S235). [f the comparison of the presence of the user setting
information and the comparison of the presence of the user behavior prediction function
indicate that it cannot be determined which, either the HEMS 130 or the ECU 240, will

manage the schedule, the both are compared for the support states of each method of
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demand response to determine which, either the HEMS 130 or the ECU 240, will
manage the schedule. At step S240, the processing returns to the processing shown in
FIG. 3.

[0091]  FIG. 8 is a flowchart showing the “determination processing based
on demand response” performed in step S235 in FIG. 7. Referring to FIG. 8, this
flowchart differs from the flowchart shown in FIG. 4 in that step S10 is not included
and 1n that step S105 is included instead of step S100.

[0092]  Step S10 1s not included because the same processing as that 1n step
S10 1s already performed in step S110 in FIG. 5. Step S1035 is included instead of step
5100 to rcturn control to the tlow shown in FIG. 7 after a series of processing shown In
FIG. 8 is performed.

[0093] This third embodiment too prevents interference between the
schedule management function of the vehicle 200 (ECU 240) and the schedule
management function of the HEMS 130, thus appropriately managing power feeding
from the house 100 to the vehicle 200 (charging of the power storage unit 220 in the
vehicle 200). '

[0094]  [Fourth embodiment] In the embodiments described above, the
ECU 240 in the vehicle 200 determines whether the vehicle 200 (ECU 240) will

manage the schedule or the HEMS 130 in the house 100 will manage the schedule.
Instead, 1n this fourth embodiment, the HEMS 130 in the house 100 determines which
will manage the schedule. The fourth embodiment corresponds to the first

embodiment described above.

[0095] FIG. 9 1s a functional block diagram of the HEMS 130 in the fourth

embodiment. Note that, out of various control parts performed by the HEMS 130, FIG.
9 shows only the part that is extracted to show the part for power feeding from the
house 100 to the vehicle 200. Referring to FIG. 9, the HEMS 130 includes a
communication unit 510, a control unit 520, and a schedule management unit 530.

[0096]  The communication unit 510 is configured by the communication

apparatuses tor communicating with the vehicle 200 and the electric power provider
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310. For example, when the vehicle 200 1s connected to the house 100 via the power
cable 150, the communication unit 510 includes the apparatuses for carrying out power
line communication (PLC) with the vehicle 200 via the power line. Instead, the
communication unit 510 may Include the apparatuses for carrying out wireless

communication with the vehicle 200.

[0097]  The control unit 520 determines which, either the HEMS 130 itself
(schedule management unit 530 that will be described later) or the vehicle 200, will
manage the schedule of power feeding from the house 100 to the vehicle 200. In more
detail, the control unit 520 communicates with the vehicle 200 via the communication
unit 510 and, according to the processing flow that will be described later, compares the
schedule management function of the HEMS 130 (schedule management function for
power teeding to the vehicle 200) and the schedule management function of the vehicle
200 (schedule management function for charging with the use of the charger 210).
After that, based on the comparison result, the control unit 520 determines whether the
HEMS 130 will manage the schedule or the vehicle 200 will manage the schedule.
The processing tlow performed by the control unit 520 will be described in detail later.

[0098]  If it is determined that the HEMS 130 will manage the schedule,
the control unit 520 informs the schedule managenient unit 330 about it.  On the other
hand, 1f it is determined that the vehicle 200 will manage the schedule, the control unit
520 informs the vehicle 200 about it via the communication unit 510.

[0099] [f the control unit 520 determines that the HEMS 130 will manage

the schedule, the schedule management unit 530 creates a schedule of power feeding
from the house 100 to the vehicle 200 and executes the schedule. In the fourth

embodiment, the communication unit 510 receives the information on demand response,

provided by the electric power provider 310. Based on the received demand response

information, the schedule management unit 530 creates and executes the schedule.
[0100] [t the control unit 520 determines that the vehicle 200 will manage

the schedule, a charging schedule is created and executed in the vehicle 200. More

specifically, the information on demand responsc is sent from the HEMS 130 to the
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vehicle 200 and, based on that information, a charging schedule is created and executed

in the vehicle 200.

[0101] FIG. 10 is a flowchart showing a processing procedure for
determining which, either the HEMS 130 or the vehicle 200, will manage the schedule
of power feeding from the house 100 to the vehicle 200 in the fourth embodiment.

0102]  Reterring to FIG. 10, the HEMS 130 communicates with the
vehicle 200 to determine whether the vehicle 200 has the schedule management
function for charging the power storage unit 220 with the use of the charger 210 in the
vehicle 200 (step S310). If the vehicle 200 does not have the schedule management
function (NO in step S310), the HEMS 130 determines that the HEMS 130 will manage
the charging schedule for the vehicle 200 (schedule of power feeding from the house
100 to the vehicle 200) (step S380).

[0103] If it is determined in step S310 that the vehicle 200 has the
schedule management function (YES in step S310). the HEMS 130 determines whether
the user participates in the incentive system of demand response (step 5320).

[0104] Because the processing from step S320 to step S400 (i.e. steps
5320, S330, S340, S350, S360, S370, S380, S390, and S400) 1s the same as the
processing from step S20 to step S100 shown in FIG. 4 except that the subject of the
processing 1s not the ECU 240 of the vehicle 200 (FIG. 1) but the HEMS 130, the

redundant description is not repeated.

[0105] This fourth embodiment too prevents interference between the
schedule management function of the HEMS 130 and the schedule management
function of the vehicle 200, thus appropriately managing power feeding from the house

100 to the vehicle 200 (charging of the power storage unit 220 in the vehicle 200).
[0106]  [Fifth embodiment] In a fifth embodiment, too, the HEMS 130 in
the house 100 determines whether the vehicle 200 (ECU 240) will manage the schedule

or the HEMS 130 in the house 100 will manage the schedule. This fifth embodiment

corresponds to the second embodiment described above.

10107]  FIG. 11 is a flowchart showing a processing procedure for
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determining which, either the HEMS 130 or the vehicle 200, will manage the schedule
of power feeding from the house 100 to the vehicle 200 in the fifth embodiment.

[0108] Referring to FIG. 11, the HEMS 130 communicates with the
vehicle 200 to determine whether the vehicle 200 has the schedule management
function for charging the power storage unit 220 with the use of the charger 210 in the
vehicle 200 (step S410). It the vehicle 200 does not have the schedule management
function (NO in step S410), the HEMS 130 determines that the HEMS 130 will manage
the charging schedule for the vehicle 200 (schedule of power feeding from the house
100 to the vehicle 200) (step S430).

[0109] If it is determined in step S410 that the vehicle 200 has the
schedule management function (YES in step S410), the HEMS 130 determines whether
the HEMS 130 and the vehicle 200 have the user setting information on the schedule
(step S420).

0110] Because the processing from step S420 to step S480 (i.e. steps
S420, S430, S440, S450, S460, S470, and S480) is the same as the processing from step
S 120 to step S180 shown in FIG. 5 except that the subject of the processing 1s not the
ECU 240 of the vehicle 200 (FIG. 1) but the HEMS 130, the redundant description is
not repeated. 'The processing shown in FIG. 6 and the processing shown in FIGS. 7
and 8 may be applied also to the “user behavior prediction function confirmation
processing’” performed in step S470 with the subject of the processing being the HEMS
130.

[0111] This fifth embodiment too prevents interference between the
schedule managcement function of the HEMS 130 and the schedule management
function of the vehicle 200, thus appropriately managing power feeding from the house
100 to the vehicle 200 (charging of the power storage unit 220 in the vehicle 200).

[0112] [Sixth embodiment] In a sixth embodiment, a charging schedule is
created in the vehicle 200. After that, it is determined whether the HEMS 130 will be
able to manage the charging schedule for the vehicle 200 (schedule of power feeding

from the house 100 to the vehicle 200) bascd on the schedule created in the vehicle 200.
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[f the HEMS 130 is able to manage the charging schedule, the schedule is passed from
the vehicle 200 to the HEMS 130 and the HEMS 130 manages the schedule.

[0113] The general configuration of a power supply system in the sixth
embodiment s the same as the configuration shown in FIG. 1.

[0114] FIG. 12 1s a flowchart showing a processing procedure for
determining which, either the ECU 240 of the vehicle 200 or HEMS 130, will manage
the schedule of power feeding from the house 100 to the vehicle 200 (charging of the
power storage unit 220 of the vehicle 200) in the sixth embodiment.

[0115] Reterring to FIG. 12, the ECU 240 creates a charging schedule for
the vehicle 200 (step S510). The charging schedule may be created from a variety of
viewpoints. For example, the charging schedule may be created based on the user
sctting information, user behavior prediction, or the methods for demand response.

[0116]  Next, the ECU 240 determines whether the created schedule
matches the “type” of the schedule in the HEMS 130 (step S520). The “type” of
schedule is a type that defines the schedule structure (start time specification, end time
specification, charging time specification, multiple-specification, and so on), schedule
time unit (seconds, minutes, hours, 24-hour units, 12-hour units, and so on), schedule
Instruction (charging start, stop, charging power, power amount, and so on), and the
number of schedules.

[0117] If it is determined in step S520 that the created schedule matches
the type of the schedule in the HEMS 130 (YES in step S520), the ECU 240 sends the
created schedule to the HEMS 130 (step S530). After that, the ECU 240 determines
that the HEMS 130 will manage the charging schedule for the vehicle 200 (schedule of
power feeding from the 100 to the vehicle 200) (step S540).

[0118]  On the other hand, 1f it is dctermined in step S520 that the created
schedule does not match the type of the schedule in the HEMS 130 (NO in step S520),
the ECU 240 determines that the ECU 240 will manage the charging schedule for the
vehicle 200 according to the schedule created in step S510 (step S550). The processing
procedure shown in FIG. 12 ends at step S560.
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[0119] In the sixth embodiment, if the HEMS 130 can manage the
charging schedule for the vehicle 200 (schedule of power feeding from the house 100 to
the vehicle 200). the vehicle 200 may turn off the power for schedule management.
Therefore, the sixth embodiment reduces the standby power consumption of the vehicle
200 and reduces deterioration in the charging apparatus that may be caused by
permanent voltage application.

[0120] In the above description, the house 100 corresponds to one
embodiment of the “facilities” in the present invention, and the vehicle 200 corresponds
to one embodiment of the “electrical apparatus™ in the present invention. In addition,
the HEMS 130 corresponds to one embodiment of the “energy management system” in

the present invention, and the ECU 240 corresponds to one embodiment of the control

dcvice 1n the present invention.

[0121] The embodiments disclosed herein are also intended to be
combined as necessary for implementation. The embodiments disclosed herein are to
be considered merely illustrative and not restrictive in any respect. The scope of the
present invention 1s defined not by the foregoing description but by the appended
claims, and it is intended that the scope of the present invention includes all

modifications that fall within the meaning and scope equivalent to those of the

appended claims.
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CLAIMS

[. A control device of an electrical apparatus configured to be able to receive power
from a facility that receives a supply of power from a system power supply, the facility
including an energy management system that can manage a power feeding schedule
according to a first management function provided for managing the power feeding
schedule for feeding power to the electrical apparatus, the control device comprising:

a communication unit configured to communicate with another communication unit
in the energy management system;

a schedule management unit configured to manage the power feeding schedule
according to a second management function provided for managing the power feeding
schedule in the control device: and

a Control unit configured to determine which, either the schedule management unit or
the energy management system including another schedule management unit, will manage
the power teeding schedule by comparing the first management function of the energy

management system and the second management function of the control device.

2. The control device of the electrical apparatus according to claim 1 wherein
1t a uscr participates in an incentive system for implementing incentive-based demand

response, the control unit is configured to
(1) dctermine that the energy management system will manage the power feeding

schedule 1f the first management function supports, and if the second management function
does not support, the incentive-based demand response,

(11) detcrmine that the schedule management unit will manage the power feeding
schedule if the first management function does not support, and if the second management
function suppotts, the incentive-based demand response and

(111) determine that either the schedule management unit or the energy management
system will manage the power feeding schedule, based on whether the first management
function and the second management function support rate-based demand response, if both

or neither of the first management function and second management function supports the
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incentive-based demand response.

3. The control device of the electrical apparatus according to claim 2 wherein

the incentive-based demand response includes a Direct Load Control (DLC) program
in which a user is forced to reduce a load for reducing power according to the incentive
system and a Peak Time Rebate (PTR) program in Which a user 1s requested to reduce
power according to the incentive system and

If a user participates in the incentive system, the control unit is configured to

(1) determine that the energy management system will manage the power feeding
schedule if the first management function supports, and if the second management function
does not support, the Direct Load Control program,

(11) determine that the schedule management unit will manage the power feeding
schedule it the first management function does not support, and if the second management
function supports, the Direct Load Control program,

(111) determing that the energy management system will manage the power feeding
schedulc it both or netther of the first management function and the second management
function supports the Direct Load Control program and if the first management function
supports, and 1t the second management function does not support, the Peak Time Rebate
program,

(1v) determine that the schcdule management unit will manage the power feeding
schedule if both or neither of the first management function and the second management
function supports the Direct Load Control program and if the first management function

does not support, and if the second management function supports, the Peak Time Rebate
program, and

(v) determine that the schedule management unit will manage the power feeding
schedule if both or neither of the first management function and the second management

function supports the Peak Time Rebate program.

4. The control device of the electrical apparatus according to claim 2 or 3 wherein
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If a user participates in the incentive system and if both or neither of the first

management function and the second management function supports the incentive-based
demand response, the control unit is configured to

(1) determine that the energy management system will manage the power feeding
schedule if the first management function supports, and if the second management function
does not support, rate-based demand response,

(ii) determine that the schedule management unit will manage the power feeding
schedule 1f the first management function does not support, and 1f the second management
function supports, the rate-based demand response, and

(1i1) determine that the schedule management unit will manage the power feeding
schedule if both or neither of the first management function and second management

function supports the rate-based demand response.

5. The control device of the electrical apparatus according to claim 1 wherein

if a user does not participate an incentive system for implementing incentive-based
demand response, the control unit 1s configured to

(1) determine that the energy management system will manage the power feeding
schedule if the first management function supports, and if the second management function
does not support, rate-based demand response,

(i1) determine that the schedule management unit will manage the power feeding
schedule 1f the first management function does not support, and it the second management
function supports, the rate-based demand response, and

(111) determine that the schedule management unit will manage the power teeding
schedule 1f both or neither of the first management function and second management

function supports the rate-based demand response.

6. The control device of the electrical apparatus according to claim 4 or 5§ wherein
the rate-based demand response includes a Real Time Pricing (RTP) program in

which a rate changes in real time according to a demand for power, a Time Of Use (TOU)
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program in which a rate is set in advance on a time zone basis, and a Critical Peak Pricing
(CPP) program in which a rate rises at a power-demand peak time, and

if a user participates in the incentive system and if both or neither of the first
management function and second management function supports the incentive-based
demand response or if a user does not participate in the incentive system, the control unit is
contigured to

(i) determine that the energy management system will manage the power feeding
schedule if the first management function supports, and if the second management function
does not support, the Real Time Pricing program,

(11) determine that the schedule management unit will manage the power feeding
schedule if the first management function does not support, and if the second management
function supports, the Real Time Pricing program,

(111) determine that the energy management system will manage the power feeding
schedule 1f both or neither of the first management function and second management
function supports the Real Time Pricing program and if the first management function
supports, and if the second management function does not support, the Time Of Use
program,

(vi) determine that the schedule management unit will manage the power feeding
schedule if both or neither of the first management function and second management
function supports the Real Time Pricing program and if the first management function does
not support, and if the second management function supports, the Time Of Use program,

(v) determine that the energy management system will manage the power feeding
schedule if both or neither of the first management function and second management
function supports the Time Of Use program and if the first management function supports,
and 1f the second management function does not support, the Critical Peak Pricing
program,

(vi) determine that the schedule management unit will manage the power feeding
schedule it both or neither of the first management function and second management

function supports the Time Of Use program and if the first management function does not
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support, and if the second management function supports, the Critical Peak Pricing
program, and

(vii) determine that the schedule management unit will manage the power feeding
schedule if both or neither of the first management function and second management

function supports the Critical Peak Pricing program.,

7. The control device of the electrical apparatus according to any one of claims 1 to 6
wherein

the control unit 1s configured to

(1) determine that the energy management system will manage the power fecding
schedule if the energy management system has, and if the control device does not have,
setting information on the power feeding schedule that 1s set by a user and

(i1) determine that the schedule management unit will manage the power feeding
schedule if the control device has, and if the cnergy management system does not have, the

setting information.

8. The control device of the electrical apparatus according to claim 7 wherein

iIf both or neither of the energy management system and the control device has the
setting information, the control unit is configured to

(1) determine that the energy management system will manage the power feeding
schedule if the first management function includes, and if the second management function
does not include, a prediction function to predict a user behavior and

(i1) determine that the schedule managecment unit will manage the power feeding
schedule if the first management function does not include, and if the second management

function includes, the prediction function.

9. The control device of the electrical apparatus according to any onc of claims 1 to 8

wherein

the electrical apparatus is a vehicle configured to receive power from the facility to
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be able to charge a vehicle-mounted charger.

0. An energy management system provided in a facility that receives a supply of
power from a system power supply and configured to manage feeding of power to an
electrical apparatus that can receive power from the facility, the electrical apparatus being
configured to be ablc to manage a power feeding schedule according to a first management
function provided for managing in the electrical apparatus the power feeding schedule for
feeding power from the facility to the electrical apparatus, the energy management system
comprising:

a communication unit configured to communicate with another communication unit
in the electrical apparatus;

a schedule management unit configured to manage the power feeding schedule
according to a second management function provided for managing the power feeding
schedule; and

a control unit configured to determine which, either the schedule management unit or
the electrical apparatus including another schedule management unit, will manage the
power feeding schedule by comparing the first management function of the electrical

apparatus and the second management function of the energy management system:.

11. The energy management system according to claim 10 wherein

(f a user participates in an incentive system for implementing incentive-based demand
response, the control unit 1s configured to

(i) determine that the electrical apparatus will manage the power feeding schedule if
the first management function supports, and if the second management function does not
support, the incentive-based demand response,

(11) determinc that the schedule management unit will manage the power feeding
schedule if the first management function does not support, and if the second management
function supports, the incentive-based demand response and

(i) determine that either the schedule management unit or the electrical apparatus
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will manage the power feeding schedule, based on whether the first management function
and the second management function support ratc-based demand response, it both or
neither of the first management function and second management function supports the

incentive-based demand response.

2. The cnergy management system according to claim 11 wherein

the incentive-based demand response includes a Direct Load Control (DLC) program
in which a user is forced to reduce a load for reducing power according to the incentive
system and a Peak Time Rebate (PTR) program in which a user is requested to reduce
power according to the incentive system and

If a user participates in the incentive system, the control unit is configured to

(1) determine that the electrical apparatus will manage the power feeding schedule if
the first management function supports, and if the second management function does not
support, the Direct Load Control program,

(11) determine that the schedule management unit will manage the power feeding
schedule 1t the first management function does not support, and i1f the second management
function supports, the Direct Load Control program,

(ii1) determine that the electrical apparatus will manage the power feeding schedule if
both or netther of the first management function and the second management function
supports the Direct Load Control program and if the first management function supports,
and 1f the second management function does not support, the Peak Time Rebate program,

(1v) determine that the schedule management unit will manage the power feeding
schedule if both or neither of the first management function and the second management
function supports the Direct Load Control program and if the first management function
does not support, and if the second management function supports, the Peak Time Rebate
program, and

(v) determine that the electrical apparatus will manage the power feeding schedule if

both or neither of the first management function and the second management function

supports the Peak Time Rebate program. .
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13. The energy management system according to claim 11 or 12wherein

if a user participates in the incentive system and if both or neither of the first
management function and the second management function supports the incentive-based
demand response, the control unit is configured to

(1) determine that the electrical apparatus will manage the power feeding schedule if
the first management function supports, and if the second management function does not
support, rate-based demand response,

(i1) determine that the schedule management unit will manage the power feeding
schedule if the first management function does not support, and if the second management
function supports, the rate-based demand response, and

(111) determine that the electrical apparatus will manage the power feeding schedule if

both or neither of the first management function and second management function supports

the rate-based demand response.

14. The energy management system according to claim 10 characterized in that

if a user does not participate an incentive system for implementing incentive-based
demand response, the control unit is configured to

(1) determine that the electrical apparatus will manage the power feeding schedule 1f
the first management function supports, and if the second management function does not
support, rate-based demand response,

(1) determine that the schedule management unit will manage the power feeding
schedule if the first management function does not support, and if the second management
function supports, the rate-based demand response, and

(i11) determine that the electrical apparatus will manage the power feeding schedule if
both or neither of the first management function and second management function sijpports

the rate-based demand response.

15. The energy management system according to claim 13 or 14 wherein
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the rate-based demand response includes a Real Time Pricing (RTP) program in
which a ratc changes in real time according to a demand for power, a Time Of Use (TOU)
program in which a rate is set in advance on a time zone basis, and a Critical Peak Pricing
(CPP) program in which a rate rises at a power-demand peak time, and

if a user participates in the incentive system and if both or neither of the [irst
management function and second management function supports the incentive-based
demand response or if a user does not participate in the incentive system, the control unit is
configured to

(1) determine that the electrical apparatus will manage the power feeding schedule if
the first management function supports, and if the second management function does not
support, the Real Time Pricing program,

(11) determine that the schedule management unit will manage the power feeding
schedule 1f the first management function does not support, and if the second management
function supports, the Real Time Pricing program,

(111) determine that the electrical apparatus will manage the power feeding schedule if
both or neither of the first management function and second management function supports
the Real Time Pricing program and if the first management function supports, and if the
second management function does not support, the Time Of Use program,

(vi) determine that the schedule management unit will manage the power feeding
schedule if both or neither of the first managefnent function and second management
function supports the Real Time Pricing program and if the first management function does
not support, and if the second management function supports, the Time Of Use program,

(v) determine that the electrical apparatus will manage the power feeding schedule if
both or neither of the first management function and second management function supports
the Time Of Use program and if the first management function supports, and if the second

management function does not support, the Critical Peak Pricing program and

(vi) determine that the schedule management unit will manage the power feeding

schedulc if both or neither of the first management function and second management

function supports the Time Of Use program and if the first management function does not
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support, and if the second management function supports, the Critical Peak Pricing
program and, in addition, determine that the electrical apparatus will manage the power

feeding schedule if both or neither of the first management function and second

management function supports the Critical Peak Pricing program.

16. The energy management system according to any one of claims 10 to 15 wherein
the control unit is configured to

(1) determine that the schedulc management unit will manage the power feeding

schedule if the energy management system has, and if the electrical apparatus does not
have, setting information on the power feeding schedule that is set by a user and

(11) determine that the electrical apparatus will manage the power feeding schedule if
the electrical apparatus has, and if the energy management system does not have, the

setting information.

17. The energy management system according to claim 16 wherein

If both or neither of the energy management system and the electrical apparatus has
the setting information, the control unit is configured to

(1) determine that the electrical apparatus will manage the power feeding schedule if
the first management function includes, and if the second management function does not
include, a prediction function to predict a user behavior and

(11) determine that the schedule management unit will manage the power feeding
schedule if the first management function does not include, and if the second management

function includes, the prediction function.

[8. The energy management system according to any one of claims 10 to 17 wherein
the electrical apparatus is a vehicle configured to receive power from the facility to

be able to charge a vehicle-mounted charger.
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FIG. 10
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FIG. 12

S510

CREATE CHARGING SCHEDULE
FOR VEHICLE IN VEHICLE

5520

DOES SCHEDULE MATCH TYPE \NO
OF SCHEDULE IN HEMS?

YES S530

SEND CHARGING SCHEDULE
FROM VEHICLE TO HEMS

5540 S550

DETERMINE THAT HEMS WILL DETERMINE THAT ECU OF VEHICLE
MANAGE SCHEDULE WILL MANAGE SCHEDULE

FOR CHARGING VEHICLE FOR CHARGING VEHICLE



( ST:RT ) 810
NO

DOES HEMS HAVE
SCHEDULE MANAGEMENT FUNCTION?Y

S20

DOES USER PARTICIFATE IN INCENTIVE SYSTEM
OF DEMAND RESPONSE?

530
HEMS VEHICLE
ONLY DOES HEMS/VEHIGLE SUPPORT ONLY
\\_ DIRECT LOAD CONTROL (DLC) PROGRAM?
BOTH OR NEITHERl S40
HEMS

VEHICLE
ONLY DOES HEMS/VEHICLE SUPPORT ONLY
PEAK TIME REBATE (PTR) PROGRAM?
@ Y ‘ BOTHORNEITHER g
VEHICLE

HEMS

ONLY DOES HEMS/VEHICLE SUPPORT ONLY |
REAL TIME PRICING (RTP) PROGRAM?
BOTH OR NEITHER 560
HEMS VEHICLE
LONLY " DOES HEMS/VEHICLE SUPPORT ONLY
AN TIME OF USE (TOU) PROGRAM?
BOTH OR NEITHER s70
HEMS VEHICLE
ONLY DOES HEMS/VEHICLE SUPPORT ONLY , |
CRITICAL PEAK PRICING (CPP) PROGRAM?

BOTH CR NEITHER‘ o

S80 S80

DETERMINE THAT HEMS DETERMINE THAT ECU

OF VEHICLE WILL
WILL MANAGE SCHEDULE
MANAGE SCHEDULE
CRIS UHARSING KERILLE FOR CHARGING VEHICLE

¢ EiD 5100




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - abstract drawing

