
INTEGRATED DEMAND CONTROL METHOD AND INTEGRATED DEMAND 

CONTROL DEVICE 

BACKGROUND 

1. Technical Field 

[0001] The present disclosure relates to an integrated demand control method 

and device. 

2. Description of the Related Art 

[0002] Attention has been paid to utilization of distributed power sources such as 

photovoltaic and wind power plants in recent years. If such distributed power 

sources are combines with traditional power sources used by power companies, it 

is necessary to adjust the demand-supply balance of power. This requires 

construction of a power system for realizing high-efficiency power transmission 

and distribution, such as a smart grid. 

[0003] The functions of a smart grid include a function of, when the power 

supply from power suppliers becomes unstable or insufficient, urging power 

consumers to reduce power consumption, that is, the demand-response function. 

[0004] Attention also has been paid in recent years to aggregator services which 

make contracts with multiple power consumers, adjust the power demand/supply 

of power companies, the surplus power trading market, or the like in place of the 

power consumers, and demand-control the devices of the power consumers in 

accordance with the adjusted amounts (e.g., Japanese Unexamined Patent 

Application Publication No. 2013-64542). 

SUMMARY 

[0005] However, the technology disclosed in Japanese Unexamined Patent 

Application Publication No. 2013-64542 cannot provide sufficient comfort or 

convenience for the power consumers. 

[0006] One non-limiting and exemplary embodiment provides an integrated 

demand control device which controls devices disposed in multiple areas without 

impairing the comfort or convenience of the residents in the areas. 

[0007] According to a first aspect of the present disclosure, there is provided an 

integrated demand control method for air conditioners disposed in areas, the 

method comprising 
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receiving a temperature of each of the areas, receiving a demand control 

cancellation signal of each of the areas, storing, as a cancellation temperature, the 

received temperature of each of the areas each time when the demand control 

cancellation signal is received, determining a reference cancellation temperature 

of each of the areas according to a distribution of the stored cancellation 

temperatures of each of the areas, setting a higher demand control priority to each 

of the areas having a smaller demand control allowable index, the demand control 

allowable index being a difference between the temperature of each of the areas 

at a predetermined time point and the reference cancellation temperature of each 

of the areas; and demand-controlling the air conditioners of the areas based on 

the demand control priority. 

[0007a] According to a second aspect of the present disclosure, there is provided 

an integrated demand control method for showcases equipped with refrigeration 

facilities disposed in areas, the method comprising receiving a temperature of 

each of the showcases; receiving a demand control cancellation signal of each of 

the showcases; storing, as a cancellation temperature, the received temperature 

of each of the showcases each time when the demand control cancellation signal 

is received; determining a reference cancellation temperature of each of the 

showcases according to a distribution of the stored cancellation temperatures of 

each of the showcases; setting a higher demand control priority to each of the 

showcases having a smaller demand control allowable index, the demand control 

allowable index being a difference between the temperature of each of the 

showcases at a predetermined time point and the reference cancellation 

temperature of each of the showcases; and demand-controlling the refrigeration 

facilities based on the demand control priority. 

[0007b] According to yet another aspect of the present disclosure, there is 

provided an integrated demand control device for air conditioners disposed in 

areas, the device comprising one or more memories; and circuitry operative to 

receive a temperature of each of the areas; receive a demand control cancellation 

signal of each of the areas; store, as a cancellation temperature, the received 

temperature of each of the areas each time when the demand control cancellation 

signal is received; determine a reference cancellation temperature of each of the 

areas according to a distribution of the stored cancellation temperatures of each of 

the areas; set a higher demand control priority to each of the areas having a 
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smaller demand control allowable index, the demand control allowable index being 

a difference between the temperature of each of the areas at a predetermined time 

point and the reference cancellation temperature of each of the areas; and 

demand-control the air conditioners of the areas based on the demand control 

priority. 

[0008] It should be noted that general or specific embodiments may be 

implemented as a system, a method, an integrated circuit, a computer program, a 

storage medium such as a computer-readable CD-ROM, or any selective 

combination thereof. 

[0009] According to the integrated demand control method of the present 

disclosure, the devices disposed in the areas can be demand-controlled without 

impairing the comfort or convenience of the residents in the areas. 

[0010] Additional benefits and advantages of the disclosed embodiments will 

become apparent from the specification and drawings. The benefits and/or 

advantages may be individually obtained by the various embodiments and 

features of the specification and drawings, which need not all be provided in order 

to obtain one or more of such benefits and/or advantages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 is diagram showing an example configuration of an integrated 

demand control system according to a first embodiment; 

Fig. 2 is a block diagram of the integrated demand control device according to the 

first embodiment; 

Fig. 3 is a diagram showing an example of a cancellation temperature table 

according to the first embodiment; 

Fig. 4 is a diagram showing demand-controlled groups determined according to 

the first embodiment; 

Fig. 5 is a diagram showing an example of drive control on air conditioners 

disposed in respective areas according to the first embodiment; 

Fig. 6 is a flowchart showing a process performed by an integrated demand 

2a 



control device according to the first embodiment; 

Fig. 7 is a diagram showing demand-controlled groups determined according to a 

second embodiment; 

Fig. 8 is a diagram showing an example of drive control on air conditioners 

disposed in respective areas according to the second embodiment; and 

Fig. 9 is a diagram showing a display example of a demand control information 

display device according to a third modification of the embodiments. 

DETAILED DESCRIPTION 

[0012] An integrated demand control method for air conditioners disposed in 

areas. The integrated demand control method for air conditioners disposed in 

areas includes receiving temperature of each of the areas, receiving control 

cancellation signal of each of the areas, storing, as cancellation temperature, the 

received temperature of each of the areas each time when the demand control 

cancellation signal is received, determining reference cancellation temperature of 

each of the areas according to distribution of the stored cancellation temperatures 

of each of the areas, setting higher demand control priority to each of the areas 

having smaller demand control allowable index, the demand control allowable 

index being difference between the temperature of each of the areas at a 

predetermined time point and the reference cancellation temperature of each of 

the areas. 

[0013] For example, the integrated demand control including demand-controlling 

the air conditioners of the areas in the descending order of the demand control 

priorities. 

[0014] For example, the integrated demand control including assigning longer 

demand control time periods to the air conditioners of the areas having the higher 

demand control priorities. 

[0015] For example, the integrated demand control including sending stop 

commands to the air conditioners of each of the areas in the ascending order of 

the demand control priorities. 

[0016] For example, the reference cancellation temperatures of each of the 

areas are expected values of the stored cancellation temperatures of each of the 

areas. 

[0017] For example, the reference cancellation temperatures of each of the 
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areas are the cancellation temperature at which cancellation of demand control 

has occurred most frequently. 

[0018] For example, display devices for displaying information indicating 

demand control are disposed in the regions. 

[0019] An integrated demand control method for showcases equipped with 

refrigeration facilities disposed in areas, the method includes receiving 

temperature of each of the showcases, receiving control cancellation signal of 

each of the areas, storing, as cancellation temperature, the received temperature 

of each of the showcases each time when the demand control cancellation signal 

is received, determining reference cancellation temperature of each of the 

showcases according to distribution of the stored cancellation temperatures of 

each of the showcases, setting higher demand control priority to each of the areas 

having smaller demand control allowable index, the demand control allowable 

index being difference between the temperature of each of the showcases at a 

predetermined time point and the reference cancellation temperature of each of 

the showcases. 

[0020] An integrated demand control method for illumination facilities disposed 

in areas, the method includes receiving illuminance of each of the illumination 

facilities, receiving control cancellation signal of each of the areas, storing, as 

cancellation illuminance, the received illuminance of each of the illumination 

facilities each time when the demand control cancellation signal is received, 

determining reference cancellation illuminance of each of the illumination facilities 

according to distribution of the stored cancellation illuminances of each of the 

illumination facilities, setting higher demand control priority to each of the areas 

having smaller demand control allowable index, the demand control allowable 

index being difference between the illuminance of each of the illumination facilities 

at a predetermined time point and the reference cancellation illuminance of each 

of the illumination facilities. 

[0021] An integrated demand control device for air conditioners disposed in 

areas includes one or more memories; and circuitry operative to: receive 

temperature of each of the areas; receive control cancellation signal of each of the 

areas; store as cancellation temperature, the received temperature of each of the 

areas each time when the demand control cancellation signal is received; 

determine reference cancellation temperature of each of the areas according to 
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distribution of the stored cancellation temperatures of each of the areas; set higher 

demand control priority to each of the areas having smaller demand control 

allowable index, the demand control allowable index being difference between the 

temperature of each of the areas at a predetermined time point and the reference 

cancellation temperature of each of the areas. 

[0022] An integrated demand control method according to one aspect of the 

present disclosure is an integrated demand control method performed by an 

integrated demand control device for demand-controlling devices disposed in 

multiple areas. The integrated demand control method includes: receiving state 

indexes indicating states of the areas acquired by sensors; when the device of one 

area receives a demand control cancellation signal, receiving a cancellation state 

index of the area; storing the received cancellation state indexes of the areas; 

determining reference cancellation state indexes of the areas on the basis of the 

stored cancellation state indexes; determining a demand control condition of the 

areas on the basis of the determined reference cancellation state indexes; and 

sending demand control signals to control devices disposed in the areas on the 

basis of the determined demand control condition. 

[0023] For example, the demand control condition of the respective areas may 

be determined based on the demand control allowable indexes, which are the 

differences between the state indexes of the areas at a predetermined time point 

and the corresponding reference cancellation state indexes. 

[0024] Thus, the demand control can be performed considering the probability 

that the demand control may be cancelled. 

[0025] For example, the demand control condition may be the order in which the 

areas are demand-controlled. 

[0026] For example, the demand control may be control for reducing the power 

consumption of the devices during the demand control, and the order may be 

determined in such a manner that the devices of the areas having larger demand 

control allowable indexes are demand-controlled earlier. 

[0027] Thus, the power consumption of the devices of areas having lower 

cancellation probabilities can be preferentially reduced earlier. 

[0028] For example, the order may be determined in such a manner that the 

device of the area having the largest demand control allowable index is demand-

controlled first. 
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[0029] For example, the demand control may be control for operating the 

devices during the demand control, and the order may be determined in such a 

manner that the devices of the areas having smaller demand control allowable 

indexes are demand-controlled earlier. 

[0030] Thus, the devices of the areas having higher cancellation probabilities 

can be preferentially operated earlier. 

[0031] For example, the order may be determined in such a manner that the 

device of the area having the smallest demand control allowable index is demand-

controlled first. 

[0032] For example, the demand control condition may be the time periods over 

which the areas are demand-controlled. 

[0033] For example, the demand control may be control for reducing the power 

consumption of the devices during the demand control, and the time periods may 

be determined in such a manner that the devices of the areas having larger 

demand control allowable indexed are demand-controlled longer. 

[0034] Thus, the power consumption of the devices of areas having lower 

cancellation probabilities can be preferentially reduced longer. 

[0035] For example, the time periods may be determined in such a manner that 

the device of the area having the largest demand control allowable index is 

demand-controlled longest. 

[0036] For example, the demand control may be control for operating the 

devices during the demand control, and the time periods may be determined in 

such a manner that the devices of the areas having smaller demand control 

allowable indexes are demand-controlled shorter. 

[0037] Thus, the power consumption of the devices of areas having higher 

cancellation probabilities can be preferentially reduced shorter. 

[0038] For example, the time periods may be determined in such a manner that 

the device of the area having the smallest demand control allowable index is 

demand-controlled longest. 

[0039] For example, the demand control condition may be the demand control 

set values of the devices of the areas. 

[0040] For example, the reference cancellation state indexes are determined 

from the probability distribution of the stored cancellation state indexes. 

[0041] Thus, the cancellation probabilities of the areas can be estimated. 
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[0042] For example, the demand control condition is determined from the areas 

whose devices are operating prior to the demand control time periods. 

[0043] For example, the devices may be air conditioners, the state indexes may 

be temperatures of the areas, the cancellation state index may be a cancellation 

temperature of an area when the device of the area receives a demand control 

cancellation signal, and the reference cancellation state indexes may be reference 

cancellation temperatures determined based on the stored cancellation 

temperatures. 

[0044] Thus, integrated demand control can be performed on the devices of the 

multiple areas without impairing the comfort or convenience of the residents in the 

areas. 

[0045] For example, the devices may be showcases equipped with refrigeration 

facilities, the state indexes may be temperatures in the showcases, the 

cancellation state index may be a cancellation temperature in a showcase when 

the showcase receives a demand control cancellation signal, and the reference 

cancellation state indexes may be reference cancellation temperatures determined 

based on the stored cancellation temperatures. 

[0046] Thus, integrated demand control can be performed on the showcases of 

the multiple areas without impairing the comfort or convenience of the residents in 

the areas. 

[0047] For example, the devices may be illumination facilities, the state indexes 

may be illuminances of the areas, the cancellation state index may be a 

cancellation illuminance of one area when the illumination facility disposed in the 

area receives a demand control cancellation signal, and the reference cancellation 

state indexes may be reference cancellation illuminances determined based on 

the stored cancellation illuminances. 

[0048] Thus, integrated demand control can be performed on the illumination 

facilities of the multiple areas without impairing the comfort or convenience of the 

residents in the areas. 

[0049] For example, display devices may be further disposed in the areas, 

information indicating the demand control condition may be sent to the control 

devices, and the control devices may display information indicating the demand 

control condition on the display devices. 

[0050] Thus, the users in the areas can know the demand control schedule, the 

7 



grouping of the power consumers, and the ground for determining the order n 

which the power consumers are demand-controlled. 

[0051] An integrated demand control device according to one aspect of the 

present disclosure is an integrated demand control device for demand-controlling 

devices disposed in multiple areas. The integrated demand control device 

includes: a first receiving unit that receives state indexes indicating states of the 

areas acquired by sensors; a second receiving unit that when the device of one 

area receives a demand control cancellation signal, receives a cancellation state 

index of the area; a storage unit that stores the received cancellation state indexes 

of the areas; a reference determination unit that determines reference cancellation 

state indexes of the areas on the basis of the stored cancellation state indexes; a 

demand control condition determination unit that determines a demand control 

condition of the areas on the basis of the determined reference cancellation state 

indexes; and a sending unit that sends demand control signals to control devices 

disposed in the areas on the basis of the determined demand control condition. 

[0052] Thus, effects similar to those of the integrated demand control methods 

are produced. 

[0053] Now, embodiments of the present disclosure will be described with 

reference to the drawings. 

[0054] Any of the embodiments below represents a comprehensive or specific 

example. Values, shapes, elements, the positions and connection forms of the 

elements, the steps of a process, the order of the steps, and the like described in 

the embodiments are only illustrative. Accordingly, the present disclosure is not 

limited to the embodiments. Of the elements of the embodiments, elements which 

are not described in the independent claims representing the highest concept of 

the present disclosure are described as optional elements. 

<Knowledge Acquired by Inventors> 

[0055] The technology disclosed in Japanese Unexamined Patent Application 

Publication No. 2013-64542 sets the control time of each area on the basis of the 

temperature of the area without considering the preferences of the residents in the 

area and therefore may impair the comfort of the residents in the area. Residents 

which have lost the comfort due to the demand control may cancel the demand 

control. This prevents the aggregator from stably providing demand response 

services. In performing demand-response control, it is necessary not to impair the 
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comfort of the power consumers or the quality of articles as much as possible. 

This is because when the demand control impairs the comfort of the residents or 

the quality of articles, the residents may refuse or cancel the demand control. If 

power consumers who have made contracts on demand control with power 

suppliers refuse or cancel the demand control, the aggregator cannot fulfill the 

contracts, failing to earn a sufficient profit. 

[0056] For this reason, in order to allow the aggregator to stably provide demand 

response services, the inventors of the present disclosure have conceived of 

learning or estimating the preferences on the comfort of the power consumers or 

the quality of articles by noting a demand control cancellation action taken by the 

power consumers and referring to a state variable of the environment when the 

cancellation has been made. According to the present disclosure, by performing 

demand control on the basis of the learned or estimated preferences on the 

comfort of the power consumers or the quality of articles, it is possible to make the 

demand control less likely to be refused or cancelled. As a result, the aggregator 

can stably provide demand response services without impairing the comfort of the 

residents or the quality of articles in each area. 

First Embodiment 

[0057] An integrated demand control system according to the present 

embodiment demand-controls air conditioners disposed in respective areas in an 

integrated manner. 

[0058] Fig. 1 shows an example configuration of an integrated demand control 

system 100 according to the present embodiment. The integrated demand control 

system 100 includes a power supplier 110, an integrated demand control device 

120, and power consumers 130 which are incorporated in a smart grid 

environment. 

[0059] The power supplier 110 makes a contract with an aggregator equipped 

with the integrated demand control device 120 and requests the aggregator to 

perform demand control. The power supplier 110 is a power plant such as a 

thermal power plant, hydro power plant, wind power plant, nuclear power plant, or 

photovoltaic power plant. Examples of the power supplier 110 are not limited to 

these types of power plants and include power suppliers which make contracts 

with one or more of these power plants and sell power. 

[0060] Under contract with the power supplier 110 to perform demand control, 
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the integrated demand control device 120 sends demand control commands to the 

power consumers 130 who are under contract with the aggregator. When the 

demand control is successful, the aggregator receives an incentive from the power 

supplier 110. The aggregator gives part of the incentive received from the power 

supplier 110 to the power consumers 130. 

[0061] In the present embodiment, a demand control command is a command 

for operating the air conditioner 134 of a power consumer 130 during demand 

control. 

[0062] The power consumers 130 demand-control the air conditioners 134 

thereof on the basis of the demand control commands received from the 

integrated demand control device 120. The power consumers 130a to 1301 may 

be physically partitioned individual rooms or the spatial areas of a building, or may 

be combinations thereof. While there are 12 power consumers in the present 

embodiment, the number of power consumers may be any number as long as it is 

two or more. 

[0063] Each power consumer 130 includes a communication device 131, an 

environmental information sensor 132, a device control device 133, and an air 

conditioner 134. 

[0064] The communication device 131 receives a demand control command 

from the integrated demand control device 120 and sends it to the device control 

device 133. The communication device 131 also receives an environmental state 

index (may be simply referred to as a state index) from the environmental 

information sensor 132 and sends it to the integrated demand control device 120. 

[0065] The environmental information sensor 132 detects a predetermined type 

of environmental information (state index) representing the environment (state) of 

the power consumer 130 and sends the predetermined type of environmental 

information to the communication device 131. In the present embodiment, the 

predetermined type of environmental information refers to room temperature, 

humidity, outdoor temperature, the amount of solar radiation, or the like but not 

limited thereto. It only has to be an index related to cancellation of the demand 

control on the air conditioner 134 by the power consumer. In the present 

embodiment, it is assumed that the environmental information sensor 132 is a 

temperature sensor. 

[0066] The device control device 133 receives the demand control command 
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from the communication device 131 and demand-controls the air conditioner 134 

on the basis of the received demand control command. 

[0067] While the devices to be demand-controlled are the air conditioners 134 in 

the present embodiment, they are not limited to the air conditioners 134. The 

devices to be demand-controlled may be any type of devices as long as they are 

devices related to cancellation by a power consumer of demand control based on 

room temperature, humidity, or the like. 

[0068] The resident cancels the demand control on the air conditioner 134 by 

directly operating the device control device 133 or air conditioner 134 or operating 

it using a remote control to input a cancellation signal to it. Upon receipt of the 

cancellation signal, the device control device 133 or air conditioner 134, sends a 

notification to that effect to the communication device 131, which in turn sends a 

notification indicating that the demand control of the air conditioner 134 has been 

cancelled, to the integrated demand control device 120. The communication 

device 131 may send the cancellation signal, as well as a state index received 

from the environmental information sensor 132 to the integrated demand control 

device 120. 

[0069] While the communication device 131, environmental information sensor 

132, device control device 133, and air conditioner 134 are separate elements in 

the present embodiment, the device control device 133, for example, may be 

integral with the communication device 131 or environmental information sensor 

132. The device control device 133 may also be integral with the air conditioner 

134. In this case, the air conditioner 134 demand-controls itself (e.g., changes the 

operation mode) on the basis of a demand control command from the 

communication device 131. As seen above, the elements of the power consumer 

130 may be separate elements, or some or all thereof may form a single element. 

[0070] Fig. 2 is a block diagram of the integrated demand control device 

according to the present embodiment. 

[0071] The integrated demand control device 120 includes a temperature 

receiving unit 210, a demand cancellation information receiving unit 220, a 

cancellation temperature table 230, a reference cancellation temperature 

calculation unit 240, a demand control allowable index calculation unit 250, a 

demand-controlled group determination unit 260, a demand control command 

sending unit 270, and a demand information receiving unit 280. 
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[0072] The temperature receiving unit 210 receives temperature information of 

each power consumer 130 from the environmental information sensor 132 thereof 

and sends it to the cancellation temperature table 230 or demand control allowable 

index calculation unit 250. 

[0073] The demand cancellation information receiving unit 220 receives 

information indicating that the demand control being performed on the air 

conditioner 134 of a power consumer 130 has been cancelled by the resident 

(hereafter referred to as the "demand cancellation information"). The demand 

cancellation information receiving unit 220 then sends the demand cancellation 

information to the temperature receiving unit 210 and cancellation temperature 

table 230. The temperature receiving unit 210 receives the demand cancellation 

information, receives the temperature of the power consumer 130 at the point in 

time when the demand control has been cancelled (hereafter referred to as the 

"demand cancellation temperature"), and sends the demand cancellation 

temperature to the cancellation temperature table 230. 

[0074] The cancellation temperature table 230 is, for example, a table as shown 

in Fig. 3 and stores, as histories, the demand cancellation temperature of each 

power consumer 130 and the frequency with which the demand control has been 

cancelled at the demand cancellation temperature (hereafter referred to as the 

"cancellation frequency"). As an example, Fig. 3 shows that the demand control 

has been cancelled once at 26°C, three times at 27°C, and four times at 30°C in 

the power consumer 130a. The cancellation temperature table 230 is updated 

each time it receives demand cancellation information from the demand 

cancellation information receiving unit 220 and temperature receiving unit 210. 

[0075] The reference cancellation temperature calculation unit 240 receives the 

demand cancellation temperature histories of each power consumer 130 from the 

cancellation temperature table 230 and calculates the temperature at which 

cancellation of the demand control is most likely to occur in the power consumer 

130 (hereafter referred to as the "reference cancellation temperature"). 

Specifically, the reference cancellation temperature may be the expected value of 

the temperatures at which cancellation of the demand control occurs in each 

power consumer 130 or may be the temperature at which cancellation of the 

demand control has occurred most frequently in each power consumer 130. The 

reference cancellation temperature may also be calculated by previously storing 
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also temperatures of power consumers 130 which have yet to be demand-

controlled and making Bayesian inference from the stored temperatures. 

[0076] The demand control allowable index calculation unit 250 receives the 

temperatures of the respective power consumers 130 at a predetermined time 

point from the temperature receiving unit 210 and receives the calculated 

reference cancellation temperatures of the respective power consumers 130 from 

the reference cancellation temperature calculation unit 240. The demand control 

allowable index calculation unit 250 then calculates the differences between the 

reference cancellation temperatures and temperatures at the predetermined time 

point of the power consumers 130 and determines these differences as the 

demand control allowable indexes of the respective power consumers 130. The 

demand control allowable index calculation unit 250 calculates the demand control 

allowable indexes prior to starting the demand control. By making this calculation 

at a time point closer to the time point when the demand control is started, it can 

more accurately group the power consumers 130 for demand control. 

[0077] Alternatively, the demand control allowable index calculation unit 250 

may calculate the demand control allowable indexes during the demand control. 

Further, when demand cancellation information is received from a certain power 

consumer 130 during the demand control, the demand control allowable index 

calculation unit 250 may recalculate a demand control allowable index. 

[0078] The demand information receiving unit 280 receives demand control 

information including the demand control time from the power supplier 110 and 

sends it to the demand-controlled group determination unit 260. 

[0079] The demand-controlled group determination unit 260 groups the power 

consumers 130 in the ascending order of demand control allowable indexes on the 

basis of the determination that power consumers 130 having smaller demand 

control allowable indexes have higher priorities in performing demand control. 

Since there are 12 power consumers in the present embodiment, six groups each 

including two power consumers, A to F, may be made. However, the number of 

groups may be numbers other than six. The grouping will be described in detail 

using a specific example shown in Fig. 4. 

[0080] The priorities determined by the demand-controlled group determination 

unit 260 may be the order in which the groups are demand-controlled or may be 

the time widths with which the groups are demand-controlled. If the priorities are 
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the order in which the groups are demand-controlled, groups having higher 

priorities are demand-controlled earlier. If the priorities are the time widths with 

which the groups are demand-controlled, groups having higher priorities are 

demand-controlled longer. The demand-controlled group determination unit 260 

may also preferentially group power consumers 130 whose air conditioners 134 

are operating before the demand control time. 

[0081] The demand-controlled group determination unit 260 also determines 

details of the control on each group on the basis of the demand control information 

received from the demand information receiving unit 280 and generates demand 

control commands to be sent to all the power consumers 130 to perform the 

demand control. The details of the control on each group include, for example, the 

set temperature of the air conditioner 134 of each power consumer 130. The 

demand-controlled group determination unit 260 also generates demand control 

removal commands for removing the demand control. 

[0082] The demand control command sending unit 270 sends the demand 

control commands to the communication devices 131 of the respective power 

consumers 130 on the basis of the groups, the details of the control, and the 

priorities determined by the demand-controlled group determination unit 260. 

[0083] Fig. 4 is a diagram showing the demand-controlled groups determined 

according to the present embodiment. In the present embodiment, a demand 

control allowable index is calculated as a value obtained by subtracting a 

temperature prior to starting the demand control from the corresponding reference 

cancellation temperature. As shown in Fig. 4, with respect to the power consumer 

130a, for example, the temperature prior to starting the demand control is 25°C; 

the reference cancellation temperature is 26°C; and the demand control allowable 

index is 1. Also with respect to the power consumers 130b to 1301, the demand 

control allowable indexes are calculated as well. As a result, the power 

consumers 130a and 130b, which have the smallest demand control allowable 

indexes, are grouped into a group A having the highest priority. Similarly, the 

other power consumers 130 are grouped into groups B to F in the ascending order 

of demand control allowable indexes. 

[0084] Fig. 5 is a diagram showing an example of the drive control on the air 

conditioners disposed in the respective areas according to the present 

embodiment. 
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[0085] Fig. 5 shows the demand control pattern of the air conditioners 134 of the 

power consumers 130 belonging to the groups A to F when the demand control 

time is set to 60 minutes. In the present embodiment, the air conditioners 134 are 

operated in the assigned demand control time periods which are in rotation, and 

stopped in the other time periods. More specifically, each air conditioner 134 is 

operated in the demand control time period assigned thereto on the basis of a 

demand control command signal for operating the air conditioner 134 sent from 

the demand control command sending unit 270 and stopped in the other time 

periods on the basis of a demand control command signal for stopping the air 

conditioner 134 sent therefrom. 

[0086] Note that the air conditioner 134 need not necessarily be stopped to 

perform demand control. Instead of stopping the air conditioner 134, the output 

thereof may be reduced compared to the normal output. More specifically, in the 

demand control time period, each air conditioner 134 may be operated as usual on 

the basis of a demand control command signal for operating the air conditioner 

134 as usual sent from the demand control command sending unit 270; in the 

other time periods, the output of each air conditioner 134 may be reduced 

compared to the usual output on the basis of a demand control command signal 

for reducing the output of the air conditioner 134 compared to the usual output 

sent therefrom. 

[0087] At the demand control start time (0 minute), only the air conditioners 134 

of the power consumers, 130a and 130b, belonging to the highest-priority group, A, 

are operated based on operation commands sent from the demand control 

command sending unit 270, and the air conditioners 134 of the power consumers, 

130c to 1301, belonging to the other groups are stopped based on stop commands 

sent therefrom. 

[0088] When 25 minutes pass after the demand control start time, only the air 

conditioners 134 of the power consumers, 130c and 130d, belonging to the 

second-highest-priority group, B, are operated based on operation commands sent 

from the demand control command sending unit 270, and the air conditioners 134 

of the power consumers, 130a, 130b, and 130e to 1301, belonging to the other 

groups are stopped based on stop commands sent therefrom. The air 

conditioners 134 of the power consumers 130 belonging to the group B, which is 

lower in priority than the group A, have a shorter operation time width than that of 
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the group A. 

[0089] Subsequently, until the demand control end time (sixty minutes), the 

groups C to F are demand-controlled based on the priorities thereof. 

[0090] When the demand control end time (sixty minutes) comes, the demand 

control command sending unit 270 sends, to the power consumers 130, 

commands for restoring the drive mode to that prior to starting the demand control. 

As seen above, power consumers 130 having higher priorities, that is, power 

consumers 130 which have smaller differences between the reference cancellation 

temperatures and the temperatures at the predetermined time point and thus are 

more likely to cancel the demand control are preferentially demand-controlled. 

[0091] While Fig. 5 shows an example where the order in which the power 

consumers are demand-controlled and the time widths with which the power 

consumers are demand-controlled are determined based on the demand control 

allowable indexes, both of these need not necessarily be determined. That is, only 

one of the order and time widths may be determined based on the demand control 

allowable indexes. 

[0092] Fig. 6 is a flowchart showing a process performed by the integrated 

demand control device according to the present embodiment. 

[0093] First, the demand control allowable index calculation unit 250 determines 

whether the current time is prior to the demand control start time (step S601). 

[0094] If not so determined (NO in step S601), the process proceeds to step 

S606. 

[0095] If so determined (YES in step S601), the temperature receiving unit 210 

receives the temperature measured by the environmental information sensor 132 

of each power consumer 130 from the communication device 131 thereof (step 

S602). 

[0096] The reference cancellation temperature calculation unit 240 then acquires 

the demand cancellation temperature histories of the respective power consumers 

130 from the cancellation temperature table 230 and calculates the reference 

cancellation temperatures of the power consumers 130 (step S603). 

[0097] The demand control allowable index calculation unit 250 calculates the 

demand control allowable indexes of the respective power consumers 130 using 

the temperatures at the predetermined time point and reference cancellation 

temperatures received from the reference cancellation temperature calculation unit 
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240 (step S604). 

[0098] The demand-controlled group determination unit 260 then groups the 

power consumers 130 on the basis of the calculated demand control allowable 

indexes and determines details of the demand control on each group (step S605). 

[0099] The demand control command sending unit 270 then determines whether 

the demand control start time has come (step S606). 

[0100] If not so determined (NO in step S606), the process returns to step S601, 

and the demand control command sending unit 270 waits for the demand control 

start time to come. 

[0101] If so determined (YES in step S606), the demand control command 

sending unit 270 sends, to all the power consumers 130, demand control 

commands for stopping the corresponding air conditioners 134 (step S607). 

[0102] The demand control command sending unit 270 then determines whether 

there is a group whose demand control start time has come (step S608). 

[0103] If such a group exists (YES in step S608), the demand control command 

sending unit 270 sends, to the power consumers 130 belonging to that group, 

demand control commands including details of the demand control determined by 

the demand-controlled group determination unit 260 (step S609). 

[0104] The groups whose demand control start time has not come yet wait for 

such a time to come (NO in step S608). 

[0105] If any of the power consumers 130 which are being demand-controlled 

based on the received demand control commands cancels the demand control 

(YES in step S610), the temperature receiving unit 210 receives the temperature 

at the time of the cancellation measured by the environmental information sensor 

132 of the power consumer 130 from the communication device 131 thereof and 

sends the temperature to the cancellation temperature table 230 (step S611). 

[0106] The demand control command sending unit then 270 determines whether 

the demand control end time of this group has come (step S612). 

[0107] If not so determined (NO in step S612), the process returns to step S610, 

and the demand control command sending unit 270 waits for the demand control 

end time of the group to come. 

[0108] If so determined (YES in step S612), the demand control command 

sending unit 270 sends demand control removal commands for removing the 

demand control to the power consumers 130 belonging to the group (step S613). 
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[0109] The demand control command sending unit 270 then determines whether 

the demand control end times of all the groups have come (step S614). 

[0110] If not so determined (NO in step S614), the process returns to step S608, 

and the demand control command sending unit 270 waits for the demand control 

start times of the remaining groups to come. 

[0111] If so determined (YES in step S614), the demand control command 

sending unit 270 sends demand control removal commands to all the power 

consumers 130 (step S615), ending the process. 

[0112] In this way, the air conditioners 134 of the power consumers 130 

belonging to the respective groups are demand-controlled. While Fig. 6 shows an 

example where the air conditioners 134 of all the power consumers 130 are first 

stopped and demand control commands are then sent to the respective groups in 

turn, this example is not limiting. For example, at the demand control start time, 

the air conditioners 134 of the group to be demand-controlled first may be 

continuously operated and the air conditioners 134 of the other groups may be 

stopped. In this case, when the air conditioners 134 of the second group are 

demand-controlled, signals for stopping the air conditioners 134 of the first group 

are sent, and signals for operating the air conditioners 134 of the second group 

are sent. Subsequently, each time the group to be demand-controlled is changed 

to another, a similar process is performed. That is, it is only necessary to operate 

or stop the air conditioners 134 of the respective power consumers in such a 

manner that the power consumers 130 grouped in step S605 are demand-

controlled based on the details determined in step S605. Accordingly, the method 

for sending demand control signals is not limited to that described above. 

[0113] The integrated demand control method according to the present 

embodiment has been described with reference to Figs. 1 to 6. As seen above, in 

the present embodiment, the order in which the air conditioners 134 of the power 

consumers 130 are demand-controlled and the time widths with they are demand-

controlled are determined considering the comfort of the respective power 

consumers 130. To the greatest extent possible, the temperatures of power 

consumers 130 being demand-controlled are prevented from exceeding the 

corresponding reference cancellation temperatures. Thus, the demand control is 

performed at a low cancellation rate. 

[0114] As a result, if certain power consumers 130 are being excessively cooled 
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or if the residents in certain power consumers 130 are extremely sensitive to the 

cold, it is possible to perform demand control in such a manner that such 

differences in environment or resident preference among the power consumers 

130 are considered. Thus, it is possible to demand-control the devices of the 

multiple areas without impairing the comfort or convenience of the residents in the 

areas. 

Second Embodiment 

[0115] The integrated demand control system 100 according to the first 

embodiment performs demand control as follows: devices having smaller 

cancellation allowable indexes are preferentially assigned demand control time 

periods which are in rotation; and all the devices are operated in the assigned 

demand control time periods and stopped in the other time periods. On the other 

hand, an integrated demand control system 100 according to the present 

embodiment performs demand control as follows: devices having larger 

cancellation allowable indexes are preferentially assigned demand control time 

periods which are in rotation; and all the devices are stopped in the assigned 

demand control time periods and operated in the other time periods. 

[0116] Now, the present embodiment will be described in detail with reference to 

Figs. 7 and 8. In the present embodiment, the same elements as those in the first 

embodiment are given the same reference signs and will not be described. 

[0117] Fig. 7 is a diagram showing demand-controlled groups determined 

according to the present embodiment. In the present embodiment, power 

consumers 130 having larger demand control allowable indexes are grouped into 

groups having higher priorities. The order of groups A to F is the descending 

order of priorities. 

[0118] Fig. 8 is a diagram showing an example of the drive control on air 

conditioners of the respective areas according to the present embodiment. 

[0119] Fig. 8 shows the demand control pattern of the air conditioners 134 of the 

power consumers 130 belonging to the groups A to F when the demand control 

time is set to 60 minutes. In the second embodiment, the air conditioners 134 are 

stopped in demand control time periods which is in rotation and operated in the 

other time periods. More specifically, each air conditioner 134 is stopped in the 

demand control time period assigned thereto on the basis of a demand control 

command signal for stopping the air conditioner 134 sent from the demand control 
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command sending unit 270 and operated in the other time periods on the basis of 

a demand control command signal for operating the air conditioner 134 sent 

therefrom. Note that the air conditioner 134 need not necessarily be stopped to 

perform demand control. Instead of stopping the air conditioner 134, the output 

thereof may be reduced compared to the normal output. More specifically, in the 

demand control time period, the output of each air conditioner 134 may be 

reduced compared to the usual output on the basis of a demand control command 

signal for reducing the output of the air conditioner 134 compared to the usual 

output sent from the demand control command sending unit 270; in the other time 

periods, each air conditioner 134 may be operated as usual on the basis of a 

demand control command signal for operating the air conditioner 134 as usual 

sent therefrom. 

[0120] A specific process performed by the integrated demand control device is 

similar to that described with reference to the flowchart of Fig. 6 and therefore will 

not be described. 

[0121] The integrated demand control method according to the present 

embodiment has been described with reference to Figs. 7 and 8. As seen above, 

in the present embodiment, the order in which the air conditioners 134 of the 

power consumers 130 are stopped and the time widths with they are stopped are 

determined considering the comfort of the power consumers 130. To the greatest 

extent possible, the temperatures of power consumers 130 being demand-

controlled are prevented from exceeding the corresponding reference cancellation 

temperatures. Thus, the demand control is performed at a low cancellation rate. 

[0122] As a result, if certain power consumers 130 are being excessively cooled 

or if the residents in certain power consumers 130 are extremely sensitive to the 

cold, it is possible to perform demand control in such a manner that such 

differences in environment or resident preference among the power consumers 

130 are considered. Thus, it is possible to demand-control the devices of the 

multiple areas without impairing the comfort or convenience of the residents in the 

areas. 

First modification of Embodiments 

[0123] While the devices of the respective power consumers 130 are the air 

conditioners 134 in the above embodiments, the devices may be refrigeration 

facilities such as refrigerators or showcases. In this case, the internal 
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temperatures of the devices are measured by the corresponding environmental 

information sensors 132. By storing, in the cancellation temperature table, the 

internal temperature at which the demand control has been cancelled, the devices 

can be demand-controlled as in the above embodiments. 

[0124] Thus, the demand control can be performed considering the internal 

temperatures that the refrigeration facilities of the respective areas are required to 

have. As a result, it is possible to provide an integrated demand control device 

which can control the refrigeration facilities of the multiple areas without causing 

inconvenience such as damaging of commodity products stored in the refrigeration 

facilities due to the demand control. 

Second Modification of Embodiments 

[0125] While the devices of the power consumers 130 are the air conditioners 

134 in the above embodiments, the devices may be lighting facilities. In this case, 

the illuminances of the respective lighting facilities are measured by the 

corresponding environmental information sensors 132. By storing, in the 

cancellation illuminance table, the illuminance at which the demand control has 

been cancelled, the devices can be demand-controlled as in the above 

embodiments. 

[0126] Thus, demand control can be performed considering the illuminances that 

the lighting facilities of the respective areas are required to have. As a result, it is 

possible to provide an integrated demand control device which can control the 

lighting facilities of the multiple areas without impairing the comfort of the residents. 

Third Modification of Embodiments 

[0127] In the integrated demand control systems 100 according to the above 

embodiments, each power consumer 130 may further include a display device 

including a display. The display device communicates with the communication 

device 131 to display the demand-controlled groups and details of the demand 

control determined by the demand-controlled group determination unit 260. 

[0128] Fig. 9 is a diagram showing a first display example of a demand control 

information display device according to the present modification. 

[0129] As shown in Fig. 9, the display device shows demand control information 

such as the internal temperature of a power consumer 130 being demand-

controlled, the reference cancellation temperature thereof, the demand control 

start time, and the number of the demand-controlled group. An image showing the 
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demand-controlled groups and the time axis, as shown in Fig. 5, may be displayed 

as information indicating the demand control start time and the demand-controlled 

groups. 

[0130] Note that each device control device 133 may include a display. 

[0131] Thus, the residents of the power consumer 130 can know the demand 

control schedule, the grouping of the power consumers 130, and the ground for 

determining the order in which the power consumers 130 are demand-controlled. 

[0132] In the above embodiments, the elements may be formed by dedicated 

hardware or may be implemented by executing a software program which is 

suitable for the elements. The elements may be implemented by causing a 

program execution unit, such as a CPU or processor, to read and execute a 

software program recorded in a recording medium, such as a hard disk or 

semiconductor memory. Examples of software for implementing the integrated 

demand control devices and the like according to the above embodiments include 

the following program. 

[0133] That is, the program is a program for causing a computer to perform an 

integrated demand control method performed by an integrated demand control 

device for demand-controlling devices disposed in multiple areas, the integrated 

demand control method comprising: receiving state indexes indicating states of the 

areas acquired by sensors; when the device of one area receives a demand 

control cancellation signal, receiving a cancellation state index of the area; storing 

the received cancellation state indexes of the areas; determining reference 

cancellation state indexes of the areas on the basis of the stored cancellation state 

indexes; determining a demand control condition of the areas on the basis of the 

determined reference cancellation state indexes; and sending demand control 

signals to control devices disposed in the areas on the basis of the determined 

demand control condition. 

[0134] While the integrated demand control device and the like according to one 

or more aspects have been described based on the embodiments, the present 

disclosure is not limited to the embodiments. Various modifications of the 

embodiments conceived of by those skilled in the art or forms constructed by 

combining the elements of the different embodiments may be included in the one 

or more aspects without departing from the spirit and scope of the present 

disclosure. 
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[0135] The integrated demand control method performed by the integrated 

demand control device according to the present disclosure and the like can be 

applied to, for example, aggregators which make contracts with multiple power 

consumers and demand-control the devices of the power consumers. 
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WHAT IS CLAIMED IS: 

1. An integrated demand control method for air conditioners disposed in 

areas, the method comprising: 

receiving a temperature of each of the areas; 

receiving a demand control cancellation signal of each of the areas; 

storing, as a cancellation temperature, the received temperature of each of 

the areas each time when the demand control cancellation signal is received; 

determining a reference cancellation temperature of each of the areas 

according to a distribution of the stored cancellation temperatures of each of the 

areas; 

setting a higher demand control priority to each of the areas having a 

smaller demand control allowable index, the demand control allowable index being 

a difference between the temperature of each of the areas at a predetermined time 

point and the reference cancellation temperature of each of the areas; and 

demand-controlling the air conditioners of the areas based on the demand 

control priority. 

2. The integrated demand control method according to claim 1, wherein the 

demand-controlling of the air conditioners comprises demand-controlling the air 

conditioners of the areas in a descending order of the demand control priorities. 

3. The integrated demand control method according to claim 1, further comprising 

assigning longer demand control time periods to the air conditioners of the areas 

having the higher demand control priorities. 

4. The integrated demand control method according to claim 1, further comprising 

sending stop commands to the air conditioners of the areas in an ascending order 

of the demand control priorities. 

5. The integrated demand control method according to claim 1, wherein the 

reference cancellation temperature of each of the areas is an expected value of 

the stored cancellation temperatures of each of the areas. 
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6. The integrated demand control method according to claim 1, wherein the 

reference cancellation temperature of each of the areas is the cancellation 

temperature at which cancellation of demand control has occurred most frequently. 

7. The integrated demand control method according to claim 1, wherein displays 

that display information indicating demand control are disposed in the areas. 

8. An integrated demand control method for showcases equipped with refrigeration 

facilities disposed in areas, the method comprising: 

receiving a temperature of each of the showcases; 

receiving a demand control cancellation signal of each of the showcases; 

storing, as a cancellation temperature, the received temperature of each of 

the showcases each time when the demand control cancellation signal is received; 

determining a reference cancellation temperature of each of the 

showcases according to a distribution of the stored cancellation temperatures of 

each of the showcases; 

setting a higher demand control priority to each of the showcases having a 

smaller demand control allowable index, the demand control allowable index being 

a difference between the temperature of each of the showcases at a 

predetermined time point and the reference cancellation temperature of each of 

the showcases; and 

demand-controlling the refrigeration facilities based on the demand control 

priority. 

9. An integrated demand control device for air conditioners disposed in areas, the 

device comprising: 

one or more memories; and circuitry operative to: 

receive a temperature of each of the areas; 

receive a demand control cancellation signal of each of the areas; 

store, as a cancellation temperature, the received temperature of each of 

the areas each time when the demand control cancellation signal is received; 

determine a reference cancellation temperature of each of the areas 

according to a distribution of the stored cancellation temperatures of each of the 

areas; 
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set a higher demand control priority to each of the areas having a smaller 

demand control allowable index, the demand control allowable index being a 

difference between the temperature of each of the areas at a predetermined time 

point and the reference cancellation temperature of each of the areas; and 

demand-control the air conditioners of the areas based on the demand 

control priority. 
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