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DESCRIPTION 

AIR-CONDITIONING CONTROLLER, AIR-CONDITIONING CONTROL 
METHOD AND AIR-CONDITIONING CONTROL PROGRAM 

5 
TECHNICAL FIELD 

[0001] 
Embodiments according to the present invention relate to an 

air-conditioning controller, an air-conditioning control method, and an 
10 air-conditioning control program. 

BACKGROUND ART 
[0002] 

Conventional air-conditioning apparatuses are manually 
15 controlled to be turned on and off and to set a temperature by means of 

a remote controller individually installed in each room of a building. If 
a central monitoring system such as a BEMS (Building Energy 
Management System) is used, the central monitoring system performs 
centralized control of the air-conditioning of each room. 

20 [0003] 
Users of a room having an air-conditioning apparatus that 

controls air-conditioning may desire that the air-conditioning in the 
room be already in an appropriate state when the users start using the 
room. Therefore, the air-conditioning apparatus may sometimes be 

25 controlled to perform a pre-cooling operation or pre-heating operation 
(hereinafter they may be collectively called "preliminary operation") 
that is adjusted to be appropriate for the usage start time. 
Conventionally, a scheduling function of the air-conditioning apparatus 
is used in the preliminary operation to start air-conditioning at a preset 

30 time in order to have an appropriate air-conditioning state by the time 
the room is used. 
[0004] 

However, the preliminary operation utilizing the conventional 
scheduling function only controls the air-conditioning so that the 

35 temperature of the room may be appropriately adjusted by the time the 
room starts to be used, and no attention has been paid to the 



2 

air-conditioning control in consideration of the electricity expenses. 
[0005] 
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SUMMARY OF THE INVENTION 
Technical Problem 

10 [0006] 
An air-conditioning controller, an air-conditioning control 

method, and an air-conditioning control program are proposed, which 
are capable of suppressing electricity costs incurred by an 
air-conditioning preliminary operation for controlling the 

15 air-conditioning to be appropriately working at the time a room starts to 
be used. 

Solution to Problem 
[0007] 

20 An air-conditioning controller according to an embodiment is 
configured to control an air-conditioning unit, and includes a schedule 
generator unit and a memory unit. The schedule generator unit is 
configured to generate an operation schedule defining a start time of a 
preliminary operation for causing a room temperature of room adjusted 

25 by the air-conditioning unit to be substantially equal to a predetermined 
set temperature and a load of the air-conditioning unit in the 
preliminary operation, the start time and the load being set to lower 
electricity expenses incurred by the preliminary operation based on an 
amount of energy consumed in the preliminary operation and electricity 

30 unit price information. The memory unit stores the operation 
schedule. 

BRIEF DESCRIPTION OF DRAWINGS 
[0008] 

35 [FIG. 1] 
FIG. 1 is a schematic diagram illustrating an example of an 
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air-conditioning controller 1 and a configuration of air-conditioning 
units 20 and the like according to a first embodiment. 
[FIG. 2] 

FIG. 2 is a diagram illustrating an example of the manner an 
5 operation schedule is generated by an air-conditioning operation 

control apparatus 30 according to the first embodiment. 
[FIG. 3] 

FIG. 3 shows graphs illustrating temporal changes in electricity 
unit price, load of the air-conditioning unit 20, electricity expenses, and 

10 the like. 
[FIG. 4] 

FIG. 4 is a graph showing the relationship between the 
preliminary operation start time and the electricity expenses for the 
preliminary operation. 

15 [FIG. 5] 
FIG. 5 is a flow chart showing an example of an air-conditioning 

control method using the air-conditioning operation control apparatus 
30 according to the first embodiment. 
[FIG. 6] 

20 FIG. 6 shows graphs illustrating temporal changes in electricity 
unit price, loads of air-conditioning units 20a to 20c, and electricity 
expenses. 
[FIG. 7] 

FIG. 7 is a schematic diagram showing an example of an 
25 air-conditioning controller 1 and a configuration of air-conditioning 

units 20 and the like according to a third embodiment. 
[FIG. 8] 

FIG. 8 shows graphs illustrating temporal changes in electricity 
unit price, loads of air-conditioning units 20a to 20c, and electric power 

30 demand amount. 
[FIG. 9] 

FIG. 9 is a flow chart showing an example of an air-conditioning 
control method using the air-conditioning operation control apparatus 
30 according to the third embodiment. 

35 [FIG. 10] 
FIG. 10 is a schematic diagram illustrating an example of an 



4 

air-conditioning controller 1 and a configuration of air-conditioning 
units 20 and the like according to a fourth embodiment. 

DESCRIPTION OF EMBODIMENTS 
5 [0009] 

Hereinafter, embodiments of the present invention will be 
described with reference to the accompanying drawings. The present 
invention is not limited by the embodiments. 
[0010] 

10 (First Embodiment) 
FIG. 1(A) is a schematic diagram showing an example an 

air-conditioning controller 1 and a configuration of air-conditioning 
units 20 and the like according to a first embodiment. FIG. 1(B) is a 
schematic diagram showing a configuration of an air-conditioning 

15 monitor apparatus 30 according to the first embodiment. 
[0011] 

The air-conditioning controller 1 controls the air-conditioning 
units 20 installed in rooms 10 of a structure such as a building or a 
factory. The air-conditioning unit 20 includes a blower (indoor unit) 22 

20 and a compressor (outdoor unit) 24. 
[0012] 

The air-conditioning controller 1 includes an air-conditioning 
operation control apparatus 25 and an air-conditioning operation 
control apparatus 30. 

25 The air-conditioning operation control apparatus 25 and the 
air-conditioning operation control apparatus 30 are capable of 
communicating with each other, and are connected to each other with a 
physically disconnectable communication line. The air-conditioning 
operation control apparatus 30 is a server or a computer capable of 

30 creating an operation schedule and transmitting the operation schedule 
to the air-conditioning operation control apparatus 25. The 
air-conditioning operation control apparatus 25 controls the 
air-conditioning unit 20 based on the operation schedule received from 
the air-conditioning operation control apparatus 30. Furthermore, the 

35 air-conditioning operation control apparatus 25 transmits to the 
air-conditioning operation control apparatus 30 the operation status 
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and the setting information of the air-conditioning unit 20 received from 
the air-conditioning unit 20 and the usage start time set by the user. 
The air-conditioning operation control apparatus 25 is, for example, a 
computer or a server used for the building energy management in a 

5 BEMS. The operation status of the air-conditioning unit 20 is an actual 
operation status (operation load) of the air-conditioning unit 20. The 
setting information of the air-conditioning unit 20 concerns information 
of the operation load of the air-conditioning unit 20 including the set 
temperature, the air-conditioning intensity, and the set air volume. 

10 [0013] 
As shown in FIG. 1(B), the air-conditioning operation control 

apparatus 30 includes a schedule generator unit 32 and a memory unit 
34. The schedule generator unit 32 generates an operation schedule 
defining the preliminary operation start time and the load of the 

15 air-conditioning unit 20 in the preliminary operation. The generated 
operation schedule is transmitted to the air-conditioning operation 
control apparatus 25 as described above. The preliminary operation 
starts the air-conditioning of the room 10 before the user starts using 
the room 10 to make the temperature of the room 10 substantially 

20 equal to a predetermined set temperature by the usage start time of the 
room 10. For example, in summer, the preliminary operation is a 
pre-cooling operation, and in winter, the preliminary operation is a 
pre-heating operation. In the operation schedule, the operation time 
(for example, the operation start time and the operation stop time) and 

25 the operation load (for example, the air-conditioning intensity) of the 
air-conditioning units 20 are determined in advance. The 
air-conditioning operation control apparatus 25 controls the 
air-conditioning unit 20 in accordance with the operation schedule. In 
this embodiment, the operation schedule means a schedule of the 

30 preliminary operation. Therefore, in the operation schedule, the 
operation time of the preliminary operation of the air-conditioning unit 
20 from a point before the use of the room 10 to the usage start time, 
and the operation load are determined in advance. 
[0014] 

35 The schedule generator unit 32 may be, for example, a 
processing unit such as a CPU. The schedule generator unit 32 defines 
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the start time of the preliminary operation and the load of the 
air-conditioning unit 20 in the preliminary operation based on the 
amount of energy consumed in the preliminary operation and the 
electricity unit price information such that the electricity expenses for 

5 the preliminary operation is lowered, and generates an operation 
schedule based on them. In this embodiment, the operation schedule 
is generated in such a manner that a target low value of the electricity 
expenses calculated based on the amount of energy consumed in the 
preliminary operation and the electricity unit price information is 

10 minimized. However, if other factors that have an influence on the 
electricity expenses need to be considered, the operation schedule is 
generated in a manner that the electricity expenses as a whole is 
lowered or minimized. The memory unit 34 stores the operation 
schedule generated by the schedule generator unit 32. The memory 

15 unit 34 may also store previously generated operation schedules as 
past information. The memory unit 34 also stores a program needed 
to generate the operation schedule (such as an air-conditioning control 
program). The memory unit 34 may be a storage device such as an 
HDD (Hard Disk Drive), or an SSD (Solid State Drive). 

20 [0015] 
The air-conditioning operation control apparatus 30 and the 

air-conditioning operation control apparatus 25 may be separate 
computers as shown in FIG. 1(A), or a single computer having both the 
functions of the air-conditioning operation control apparatus 30 and of 

25 the air-conditioning operation control apparatus 25. The 
air-conditioning operation control apparatus 30 may be connected to a 
plurality of air-conditioning operation control apparatuses 25 so that 
the air-conditioning operation control apparatus 30 may perform 
centralized control of the air-conditioning operation control apparatuses 

30 25. Of course, the air-conditioning operation control apparatus 30 
may generate and apply a different operation schedule to each of the 
air-conditioning control apparatuses 25. 
[0016] 

The air-conditioning operation control apparatus 25 is capable of 
35 controlling the air-conditioning units 20 or receiving signals indicating 

the operation status (ON/OFF, air-conditioning intensity, etc.) from 
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each air-conditioning unit 20 via a network (not shown). 
[0017] 

Furthermore, the air-conditioning operation control apparatus 
30 is capable of being connected to a wide area network, which is not 

5 shown, to communicate with, for example, an electric power company 
40, a weather service company 50, a thermometer, or a solar radiation 
meter 60. This allows the air-conditioning operation control apparatus 
30 to obtain electricity unit price information from the electric power 
company 40, weather forecast information from weather service 

10 company 50, outside temperature from the thermometer, and the 
amount of solar radiation from the solar radiation meter 60. The 
weather forecast information, the outside temperature, and the solar 
radiation amount is taken into account into the amount of energy loss, 
which will be described later. 

15 [0018] 
FIG. 2 is a diagram showing an example of how the operation 

schedule is generated by the air-conditioning operation control 
apparatus 30 according to the first embodiment. The operation 
schedule is determined based on the amount of energy consumed in the 

20 preliminary operation and the electricity unit price information to 
minimize the electricity expenses incurred by the preliminary operation. 
The amount of energy consumed in the preliminary operation 
(hereinafter, "preliminary air-conditioning energy amount") is 
calculated based on conditions such as the capacity of the room 10, the 

25 temperature of the room 10, the set temperature, and the amount of 
energy loss. The temperature of the room 10 is obtained from the 
air-conditioning unit 20 via the air-conditioning operation control 
apparatus 25. 
[0019] 

30 The amount of energy loss is the amount of energy diffused from 
the room 10 to the outside through the outer wall during the 
preliminary operation. The amount of energy loss is calculated in 
advance, using the difference in temperature between the room 10 and 
the outside air, the actual weather, the forecast weather, the solar 

35 radiation amount, and the like. The difference in temperature between 
the room 10 and the outside air, the actual weather, the forecast 
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weather, the solar radiation amount, and the like are converted to an 
energy amount based on past information or statistics, and added to 
the amount of energy loss. For example, if the difference in 
temperature between the room 10 and the outside air is considerably 

5 large, the air-conditioning operation control apparatus 30 increases the 
amount of energy loss. Furthermore, if the actual weather or forecast 
weather indicates a sunny day in summer, or if the solar radiation 
amount is great in summer, the air-conditioning operation control 
apparatus 30 increases the amount of energy loss. If the actual 

10 weather or forecast weather indicates a cloudy or snowy day in winter, 
or if the solar radiation amount is low in winter, the air-conditioning 
operation control apparatus 30 increases the amount of energy loss. 
In the cases opposite to the above, the air-conditioning operation 
control apparatus 30 may decrease the amount of energy loss. The 

15 degree of increase or decrease of the amount of energy loss may be 
appropriately set statistically by referring to the past information. 
[0020] 

The electricity expenses incurred during the preliminary 
operation may be calculated in the following manner. For example, the 

20 capacity of the room 10 is assumed to be V10, the actual room 
temperature of the room 10 is assumed to be tlO, the set temperature 
is assumed to be ts, and the amount of energy loss is assumed to be 
Eloss. Also, the amount of energy needed to change the temperature 
of air in a unit volume by a unit temperature is assumed to be E0, and 

25 the preliminary operation time is assumed to be T. In this case, the 
preliminary air-conditioning energy Ep may be substantially expressed 
by Formula 1. Of course, the preliminary air-conditioning energy Ep 
may be calculated more accurately by adding other factors to Formula 
1. 

30 Ep=(E0xV10x(|ts-t0|)+Eloss)xT (Formula 1) 
[0021] 

On the other hand, the electricity unit price information is 
provided by the electric power company 40, and stored in the memory 
unit 34 in advance. Alternatively, the air-conditioning operation 

35 control apparatus 30 may obtain the electricity unit price information 
from the electric power company 40 via a wide area network as shown 
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in FIG. 1(A). 
[0022] 

The schedule generator unit 32 calculates the electricity 
expenses incurred by the preliminary operation by multiplying the 

5 preliminary air-conditioning energy Ep by the electricity unit price. 
[0023] 

If a time zone charge calculation system or a real-time pricing 
system is introduced to the electricity expenses calculation system, the 
electricity unit price changes depending on the electric power demand 

10 or the electricity supply-demand balance. Therefore, the electricity unit 
price may change on a time zone basis. In this case, if a preliminary 
operation is performed in a time zone with a high electricity unit price, 
the electricity expenses incurred by the preliminary operation increase. 
The air-conditioning unit 20 consumes a large amount of energy when 

15 the air-conditioning operation starts. Furthermore, people's lifestyles 
overlap to some extent with respect to time. Therefore, preliminary 
operations performed in rooms 10 in time zones in which the demand 
for electric power is high, i.e., time zone of high electricity unit prices, 
may naturally overlap in time. 

20 [0024] 
Accordingly, the air-conditioning operation control apparatus 30 

generates a preliminary operation schedule based on the electricity unit 
price information in this embodiment. 
[0025] 

25 FIGs. 3(A) to 3(E) are graphs indicating temporal changes in the 
electricity unit price, the load of the air-conditioning unit 20, the 
electricity expenses, and so on. In this embodiment, the room 10 is 
assumed to be used from 9 AM, as shown in FIG. 3(A). Thus, the 
usage start time of the room 10 is 9 AM. Furthermore, as shown in FIG. 

30 3(B), the set temperature is 25°C. Therefore, the air-conditioning 
operation control apparatus 30 performs a preliminary operation in 
which the air-conditioning unit 20 is controlled to cause the 
temperature in the room 10 to be 25°C at the usage start time, 9 AM. 
[0026] 

35 As shown in FIG. 3(C), the electricity unit price is set to be low at 
night and early in the morning, and high in the morning and evening. 
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[0027] 
FIG. 3(D) shows the load of the air-conditioning unit 20. The 

line EpO indicates the load of the air-conditioning unit 20 when the 
preliminary operation is started at 7 AM. The line Epl indicates the 

5 load of the air-conditioning unit 20 when the preliminary operation is 
started at 6 AM. The load may be expressed using either electric 
power (watt) or amount of heat (joule). 
[0028] 

When the preliminary operation is started at 7 AM, the 
10 air-conditioning operation control apparatus 30 operates the 

air-conditioning unit 20 with a relatively high load in order to cause the 
temperature of the room 10 to reach the set temperature, 25°C, by the 
usage start time, 9 AM. As shown in FIG. 3(C), the electricity unit price 
after 7 AM is higher than that before 7 AM. The electricity expenses 

15 are calculated by multiplying the load of the air-conditioning unit 20 by 
the electricity unit price. Therefore, the electricity expenses become 
higher as indicated by L0 in FIG. 3(E). In particular, at the time the 
preliminary operation is started, the load of the air-conditioning unit 20 
is high, and therefore the electricity expenses are very high. 

20 [0029] 
If the preliminary operation is started at 6 AM, the 

air-conditioning operation control apparatus 30 operates the 
air-conditioning unit 20 with a relatively low load to cause the 
temperature of the room 10 to reach the set temperature, 25°C, by the 

25 usage start time, 9 AM. Furthermore, the electricity unit price from 6 
AM to 7 AM is lower than that after 7 AM, as shown in FIG. 3(C). 
Therefore, the electricity expenses are relatively low as indicated by LI 
in FIG. 3(E). In particular, the electricity expenses are set to be very 
low at the time the preliminary operation is started. 

30 [0030] 
The total electricity expenses for the preliminary operation can 

be obtained by integrating the electricity expenses from the preliminary 
operation start time to the usage start time. Therefore, the total 
electricity expenses for the preliminary operation started at 7 AM 

35 correspond to the area SO, and the total electricity expenses for the 
preliminary operation started at 6 AM correspond to the area SI. The 
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area SI is obviously smaller than the area SO. Therefore, it can be 
understood that the electricity expenses for the preliminary operation 
are lower in the case where the preliminary operation is started at 6 AM 
than in the case where the preliminary operation is started at 7 AM. 

5 The length of the preliminary operation started from 6 AM is longer than 
that of the preliminary operation started at 7 AM. However, the 
preliminary operation is preferably started at 6 AM rather than 7 AM to 
keep low the electricity expenses. 
[0031] 

10 After 9 AM, which is the usage start time, the air-conditioning 
operation control apparatus 30 controls the air-conditioning unit 20 in a 
regular manner. Therefore, there is substantially no difference 
between EpO and Epl in FIG. 3(D). Furthermore, there is substantially 
no difference between L0 and LI in FIG. 3(E). 

15 [0032] 
In FIGs. 3(A) to 3(E), the electricity expenses in the case where 

the preliminary operation start time is 7 AM is compared with the 
electricity expenses in the case where the preliminary operation start 
time is 6 AM. The electricity expenses (areas SO, SI) vary further if 

20 the start time of the preliminary operation is changed, as will be 
described with reference to FIG. 4. 
[0033] 

FIG. 4 is a graph showing a relationship between the preliminary 
operation start time and the electricity expenses incurred by the 

25 preliminary operation. The lateral axis represents the preliminary 
operation start time, and the longitudinal axis represents the electricity 
expenses incurred by the preliminary operation. The curved lines L2 to 
L4 differ depending on the operation load of the air-conditioning unit 20. 
The operation load of the air-conditioning unit 20 corresponding to the 

30 curved line L2 is set to be relatively high, the operation load of the 
air-conditioning unit 20 corresponding to the curved line L3 is lower 
than that corresponding to the curved line L2, and the operation load of 
the air-conditioning unit 20 corresponding to the curved line L4 is lower 
than that corresponding to the curved line L3. 

35 [0034] 
As shown in FIG. 4, the electricity expenses incurred by the 
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preliminary operation change depending on the preliminary operation 
start time. For example, with respect to the curved line L2, if the 
preliminary operation start time is set to be 6 AM, the electricity 
expenses incurred by the preliminary operation can be minimized. 

5 With respect to the curved line L3, if the preliminary operation start 
time is set to be 5 AM, the electricity expenses incurred by the 
preliminary operation can be minimized. With respect to the curved 
line L4, if the preliminary operation start time is set to be 4 AM, the 
electricity expenses incurred by the preliminary operation can be 

10 minimized. 
[0035] 

Comparison among the lowest values of L2 to L4 indicates that 
the lowest value of L3 is the lowest. Therefore, the schedule generator 
unit 32 generates an operation schedule in which the air-conditioning 

15 unit 20 is operated with the operation load corresponding to L3, and the 
preliminary operation start time is set to be 6 AM. Thus, the schedule 
generator unit 32 is capable of generating an operation schedule setting 
the preliminary operation start time and the operation load of the 
air-conditioning unit 20 to minimize the electricity expenses incurred by 

20 the preliminary operation. The above example should be considered 
to an example only. The embodiment is not limited to the above 
example. 
[0036] 

FIG. 5 is a flow chart showing an example of an air-conditioning 
25 control method using the air-conditioning operation control apparatus 

30 according to the first embodiment. In the air-conditioning control 
method according to this embodiment, the air-conditioning operation 
control apparatus 30 generates an operation schedule, and controls the 
air-conditioning unit 20 in accordance with the operation schedule. 

30 [0037] 
The capacity V10 of the room 10, the amount of energy loss 

Eloss, and the amount of energy E0 needed for changing the 
temperature of air with a unit volume by a unit degree are set in 
advance, and stored in the memory unit 20. 

35 [0038] 
First, the air-conditioning operation control apparatus 30 obtains 
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information needed to generate an operation schedule, including the 
room usage start time, the electricity unit price information, the actual 
room temperature tlO of the room 10, the set temperature ts, and the 
like (S10). The room usage start time and the set temperature ts may 

5 be set by a user. The electricity unit price information may be obtained 
from an electric power company, and the actual room temperature tlO 
may be obtained from a thermometer. 
[0039] 

Then, the schedule generator unit 32 generates an operation 
io schedule with the above-described information to minimize the 

electricity expenses incurred by the preliminary operation (S20). At 
this time, the schedule generator unit 32 calculates the preliminary 
operation start time and the operation load of the air-conditioning unit 
20 in the preliminary operation so that the electricity expenses incurred 

15 by the preliminary operation is minimized based on the amount of 
preliminary air-conditioning energy consumed in the preliminary 
operation and the electricity unit price information, as has been 
described with reference to FIGs. 3 and 4. As a result, the operation 
schedule is optimized so that the electricity expenses incurred by the 

20 preliminary operation are minimum. 
[0040] 

Thereafter, the air-conditioning operation control apparatus 30 
transmits the operation schedule to the air-conditioning operation 
control apparatus 25. The air-conditioning operation control 

25 apparatus 25 controls the air-conditioning unit 20 in accordance with 
the operation schedule (S30). Thus, the air-conditioning unit 20 can 
bring the room temperature to the set temperature by the usage start 
time of the room 10 with the electricity expenses incurred by the 
preliminary operation being minimum. As a result, the electricity costs 

30 incurred by the preliminary operation may be minimized, and the user 
may use the room 10 without feeling discomfort when entering the 
room 10. 
[0041] 
(Modification) 

35 If the electricity unit price changes in accordance with the actual 
electricity supply-demand status as in a real-time pricing system, etc., 
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the air-conditioning operation control apparatus 30 may predict the 
electricity unit price based on archived electricity unit price information 
data when generating the operation schedule. For example, the 
electric power demand may be predicted to some extent from 

5 conditions such as weather forecasts and outdoor temperatures. 
Accordingly, the air-conditioning operation control apparatus 30 may 
predict the electricity unit price based on the predicted electric power 
demand. The air-conditioning operation control apparatus 30 may 
generate the operation schedule to minimize the electricity expenses 

10 incurred by the preliminary operation using the predicted electricity unit 
price. 
[0042] 

In more detail, the air-conditioning operation control apparatus 
30 refers to the past information such as the past weather data, the 

15 past outdoor temperatures, the past electricity unit price information, 
and the amount of energy consumed in past preliminary operations, 
stored in the memory unit 34 as a database, to predict the electricity 
unit price and the amount of energy consumed in the preliminary 
operation from the current weather data and the current outdoor 

20 temperature. For example, if past information corresponding to the 
current weather data and outer temperature are stored in the memory 
unit 34, the schedule generator unit 32 generates an operation 
schedule using the electricity unit price and the energy consumed in the 
preliminary operation corresponding to the past information. Of 

25 course, no past information corresponding to the current weather data 
and outdoor temperatures may be stored in the memory unit 34. In 
such a case, the air-conditioning operation control apparatus 30 
retrieves past information that is the closest to the current weather and 
outdoor temperature data, and uses the electricity unit price and the 

30 amount of energy consumed in the preliminary operation 
corresponding to such past information. Thus, the air-conditioning 
operation control apparatus 30 may use the electricity unit price and 
the amount of energy consumed in the preliminary operation predicted 
from the past information in generating an operation schedule to 

35 minimize the electricity expenses incurred by the preliminary 
operation. 
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[0043] 
(Second Embodiment) 

FIGs. 6(A) to 6(E) are graphs indicating temporal changes of the 
electricity unit price, the operation loads of the air-conditioning units 

5 20a to 20c, and the electricity expenses in a second embodiment. In 
the second embodiment, the air-conditioning controller 1 controls a 
plurality of air-conditioning units 20a to 20c. The air-conditioning 
operation control apparatus 30 generates an operation schedule shared 
by the air-conditioning units 20a to 20c, or an operation schedule for 

10 each of the air-conditioning units 20a to 20c. 
[0044] 

In the second embodiment as well, the room 10 is assumed to be 
used from 9 AM as shown in FIG. 3(A). Furthermore, as shown in FIG. 
3(B), the set temperature is 25°C, and the air-conditioning operation 

15 control apparatus 30 controls the air-conditioning unit 20 to perform 
the preliminary operation so that the temperature in the room 10 is 
25°C at the usage start time, which is 9 AM. 
[0045] 

As shown in FIG. 6(A), the electricity unit price is set to be low at 
20 night and early in the morning, and high in the morning and evening. 

[0046] 
FIG. 6(B) shows the operation load of the air-conditioning unit 

20a, FIG. 6(C) shows that of the air-conditioning unit 20b, and FIG. 
6(D) shows that of the air-conditioning unit 20c. The line EplO 

25 indicates the operation load of the air-conditioning unit 20a when the 
preliminary operation starts at 7 AM. The line Epll indicates the 
operation load of the air-conditioning unit 20a when the preliminary 
operation starts at 6 AM. The line Ep20 indicates the operation load of 
the air-conditioning unit 20b when the preliminary operation starts at 7 

30 AM. The line Ep21 indicates the operation load of the air-conditioning 
unit 20b when the preliminary operation starts at 6 AM. The line Ep30 
indicates the operation load of the air-conditioning unit 20c when the 
preliminary operation starts at 7 AM. The line Ep31 indicates the 
operation load of the air-conditioning unit 20c when the preliminary 

35 operation starts at 6 AM. 
[0047] 
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The air-conditioning operation control apparatus 30 integrates 
the sum of the electricity expenses of the air-conditioning units 20a to 
20c from the preliminary operation start time to the usage start time. 
The air-conditioning operation control apparatus 30 may obtain the 

5 total electricity expenses incurred by the preliminary operation in this 
manner. The total electricity expenses incurred by the preliminary 
operation started at 7 AM are represented by the area SO in FIG. 6(E), 
and the total electricity expenses incurred by the preliminary operation 
started at 6 AM are represented by the area SI in FIG. 6(E). 

10 [0048] 
As has been described with reference to FIG. 4, the schedule 

generator unit 32 sets the preliminary operation start time and the load 
of the air-conditioning units 20 so as to minimize the total electricity 
expenses incurred by the preliminary operation. Therefore, the 

15 air-conditioning operation control apparatus 30 may generate an 
operation schedule shared by the air-conditioning units 20a to 20c to 
minimize the total electricity expenses incurred by the preliminary 
operation. 
[0049] 

20 After calculating the electricity expenses of each of the 
air-conditioning units 20a to 20c, the air-conditioning operation control 
apparatus 30 may calculate the preliminary operation start time and 
the load of each air-conditioning units 20 to minimize the electricity 
expenses incurred by the preliminary operation for each of the 

25 air-conditioning units 20a to 20c. Thus, the air-conditioning operation 
control apparatus 30 is capable of generating a different operation 
schedule for each of the air-conditioning units 20a to 20c to minimize 
the electricity expenses incurred by the preliminary operation. In this 
case, the preliminary operation start times of the air-conditioning units 

30 20a to 20c may differ. 
[0050] 

The other features and the operation of the second embodiment 
may be the same as those of the first embodiment. As a result, the 
second embodiment may have the same effect as the first embodiment. 

35 [0051] 
(Third Embodiment) 
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FIG. 7 is a schematic diagram showing an example of an 
air-conditioning controller 1 and a configuration of air-conditioning 
units 20 etc. according to a third embodiment. In the third 
embodiment, the air-conditioning controller 1 receives an electric 

5 power demand suppression request (such as demand response) from 
an electric power company 40. In this case, an upper limit value of the 
electric power demand is set to meet the electric power demand 
suppression request. The air-conditioning operation control apparatus 
30 generates an operation schedule minimizing the electricity expenses 

10 incurred by the preliminary operation within a range below the upper 
limit value of the electric power demand. The other features of the 
third embodiment may be the same as those of the first embodiment. 
[0052] 

FIGs. 8(A) to 8(E) are graphs showing temporal changes in the 
15 electricity unit price, the loads of the air-conditioning units 20a to 20c, 

and the electric power demand. FIG. 9 is a flow chart showing an 
example of an air-conditioning control method using the 
air-conditioning operation control apparatus 30 according to the third 
embodiment. 

20 [0053] 
In the third embodiment, the air-conditioning operation control 

apparatus 30 generates an operation schedule corresponding to each of 
the air-conditioning units 20a to 20c so that the electric power load 
peaks of the air-conditioning units 20a to 20c do not overlap. 

25 [0054] 
First, the air-conditioning controller 1 obtains information 

needed to generate an operation schedule. For example, the 
air-conditioning controller 1 receives an electric power demand 
suppression request apart from the room usage start time, the 

30 electricity unit price information, the actual room temperature tlO of 
the room 10, and the set temperature ts (Sll). 
[0055] 

Next, the air-conditioning operation control apparatus 30 sets 
the time interval tab between the preliminary operation start time of the 

35 air-conditioning unit 20a and the preliminary operation start time of the 
air-conditioning unit 20b, and the time interval tbC between the 
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preliminary operation start time of the air-conditioning unit 20b and the 
preliminary operation start time of the air-conditioning unit 20c so that 
the total electric power demand does not exceed the upper limit of the 
electric power demand (S21). As a result, the electric power demand 

5 peaks at the preliminary operation start time of the air-conditioning 
units 20a to 20c do not coincide as shown in FIGs. 8(B) to 8(D). 
Therefore, the total electric power demand may be prevented from 
exceeding the upper limit of the electric power demand, as shown in 
FIG. 8(E). 

10 [0056] 
Furthermore, the air-conditioning operation control apparatus 

30 shifts, in various manners, the preliminary operation start times of 
the air-conditioning units 20a to 20c with the time interval tab between 
the preliminary operation start times of the air-conditioning units 20a 

15 and 20b and the time interval tbc between the preliminary operation 
start times of the air-conditioning units 20b and 20c being maintained, 
and determines the preliminary operation start time for each of the 
air-conditioning units 20a to 20c in order to minimize the electricity 
expenses incurred by the preliminary operation (S31). As a result, the 

20 air-conditioning operation control apparatus 30 is able to generate 
operation schedules corresponding to the respective air-conditioning 
units 20a to 20c. 
[0057] 

Thus, if an electric power demand suppression request is 
25 transmitted from the electric power company, the air-conditioning 

operation control apparatus 30 according to the third embodiment 
appropriately deals with the electric power demand suppression 
request and generates an operation schedule to minimize the electricity 
expenses incurred by the preliminary operation without loss of comfort. 

30 [0058] 
(Fourth Embodiment) 

FIG. 10 is a schematic diagram showing an example of an 
air-conditioning controller 1 and a configuration of air-conditioning 
units 20 and the like according to a fourth embodiment. The 

35 air-conditioning controller 1 according to the fourth embodiment is in 
communicative connection with air-conditioning units of a plurality of 
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buildings B1 to B3 located in more than one area via a wide area 
network. Air-conditioning units are installed in each of the buildings 
B1 to B3. The air-conditioning operation control apparatus 25 may be 
shared by the buildings B1 to B3, or may individually control each of the 

5 buildings B1 to B3. 
[0059] 

The air-conditioning operation control apparatus 30 is shared by 
the buildings B1 to B3, and controlled by, for example, an energy 
supply-demand management company. The other features of the 

10 air-conditioning operation control apparatus 30 are the same as the 
corresponding ones of the air-conditioning operation control apparatus 
30 according to the first embodiment. 
[0060] 

The air-conditioning operation control apparatus 30 according to 
15 the fourth embodiment generates an operation schedule to minimize 

the electricity expenses incurred by the preliminary operation of the 
air-conditioning units of the buildings B1 to B3 based on the amount of 
energy consumed in the preliminary operation of the air-conditioning 
units of the buildings B1 to B3 and the electricity unit price information. 

20 In this case, replacing the air-conditioning units 20a to 20c according to 
the second embodiment with the buildings B1 to B3, the 
air-conditioning operation control apparatus 30 may generate an 
operation schedule for the buildings B1 to B3. Thus, with respect to 
the preliminary operation for the buildings B1 to B3, the fourth 

25 embodiment has the same effect as the effect obtained in the second 
embodiment. 
[0061] 

When an electric power demand suppression request is sent 
from the electric power company, the air-conditioning operation control 

30 apparatus 30 may generate an operation schedule for the buildings B1 
to B3, which appropriately deals with the electric power demand 
suppression request, by replacing the air-conditioning units 20a to 20c 
in the third embodiment with the buildings B1 to B3. Thus, with 
respect to the preliminary operation for the buildings B1 to B3, the 

35 fourth embodiment has the same effect as the effect obtained in the 
third embodiment. 
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[0062] 
The fourth embodiment enables electric power consumers to use 

electric power at relatively low prices. Furthermore, peaks of 
electricity consumed by the electric power consumers may be shifted, 

5 which may reduce the electric power demand peaks. As a result of the 
reduction of electric power demand peaks, the electric power 
companies may decrease the investments in facilities. 
[0063] 

At least part of an operation control method using the 
10 air-conditioning controller 1 according to this embodiment may be 

carried out by hardware resources, or software resources. In the case 
of software resources, a program for carrying out at least part of the 
functions of the data processing method may be stored in a recording 
medium such as a flexible disk or CD-ROM, and read by a computer to 

15 be executed. The recording medium is not limited to a detachable one 
such as a magnetic disk or an optical disk, but may be a fixed type 
recording medium such as a hard disk drive or a memory. 
Furthermore, a program for carrying out at least part of the functions of 
the data processing method may be distributed over communication 

20 lines (including wireless communications) such as the Internet. The 
program may be encrypted, modulated, or compressed, and distributed 
via wired or wireless communication lines such as the Internet, or as a 
recorded medium. 
[0064] 

25 While certain embodiments have been described, these 
embodiments have been presented by way of example only, and are not 
intended to limit the scope of the inventions. Indeed, the novel 
methods and systems described herein may be embodied in a variety of 
other forms; furthermore, various omissions, substitutions and 

30 changes in the form of the methods and systems described herein may 
be made without departing from the spirit of the inventions. The 
accompanying claims and their equivalents are intended to cover such 
forms or modifications as would fall within the scope and spirit of the 
inventions. 

35 
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CLAIMS 
1. An air-conditioning controller controlling an air-conditioning unit, 
comprising: 

a schedule generator unit generating an operation schedule 
5 defining a start time of a preliminary operation and a load of the 

air-conditioning unit in the preliminary operation, the preliminary 
operation causing a room temperature of a room adjusted by the 
air-conditioning unit to be substantially equal to a set temperature, the 
start time and the load being set to lower electricity expenses incurred 

io by the preliminary operation based on an amount of energy consumed 
in the preliminary operation and electricity unit price information; and 

a memory unit storing the operation schedule. 

2. The system according to claim 1, wherein the amount of energy 
15 consumed in the preliminary operation is determined based on a 

difference between the room temperature and the set temperature, a 
capacity of the room, and an amount of energy loss of energy diffused 
from the room to the outside during the preliminary operation. 

20 3. The system according to claim 1 or 2, wherein an electricity unit 
price included in the electricity unit price information is set for a time 
zone. 

4. The system according to claim 2, wherein the schedule 
25 generator unit predicts the amount of energy loss based on outside 

temperature or forecast weather. 

5. The system according to any one of claims 1 to 4, wherein: 
the memory unit stores past information including past weather 

30 data, past outdoor temperatures, past electricity unit price information, 
and energy amounts consumed in past preliminary operations; and 

the schedule generator unit predicts the amount of energy 
consumed in the preliminary operation based on the past information, 
and generates the operation schedule to lower the electricity expenses 

35 incurred by the preliminary operation. 
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6. The system according to any one of claims 1 to 5, wherein, if an 
upper limit is set for an electric power demand, the schedule generator 
unit generates the operation schedule such that the amount of energy 
consumed by the preliminary operation is equal to or less than the 

5 upper limit of the electric power demand. 

7. The system according to any one of claims 1 to 6, wherein: 
the air-conditioning controller is in communicative connection 

with air-conditioning units of a plurality of buildings in a plurality of 
io areas via a wide area network; and 

the schedule generator unit generates the operation schedule 
based on the amount of energy consumed in the preliminary operations 
of the air-conditioning units in the buildings and the electricity unit price 
information to lower electricity expenses incurred by the preliminary 

15 operations of the air-conditioning units in the buildings. 

8. An air-conditioning control method using an air-conditioning 
controller controlling an air-conditioning unit, comprising: 

generating an operation schedule defining a start time of a 
20 preliminary operation and a load of the air-conditioning unit in the 

preliminary operation, the preliminary operation causing a room 
temperature of a room adjusted by the air-conditioning unit to be 
substantially equal to a predetermined set temperature, the start time 
and the load being set to lower electricity expenses incurred by the 

25 preliminary operation based on an amount of energy consumed in the 
preliminary operation and electricity unit price information. 

9. The method according to claim 8, the amount of energy 
consumed in the preliminary operation is determined based on a 

30 difference between the room temperature and the set temperature, a 
capacity of the room, and an amount of energy loss of energy diffused 
from the room to the outside during the preliminary operation. 

10. The method according to claim 8, wherein an electricity unit 
35 price included in the electricity unit price information is set for a time 

zone. 
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11. The method according to claim 9, wherein the amount of energy 
loss is predicted based on outside temperature or forecast weather. 

5 12. The method according to claim 8, wherein the operation 
schedule is generated by predicting the amount of energy consumed in 
the preliminary operation based on the past information, to lower the 
electricity expenses incurred by the preliminary operation. 

10 13. The method according to claim 8, wherein, if an upper limit is set 
for an electric power demand, the operation schedule is generated such 
that the amount of energy consumed by the preliminary operation is 
equal to or less than the upper limit of the electric power demand. 

15 14. An air-conditioning control program adapted to cause an 
air-conditioning controller managing an air-conditioning unit to 
generate an operation schedule defining a start time of a preliminary 
operation and a load of the air-conditioning unit in the preliminary 
operation, the preliminary operation causing a room temperature of a 

20 room adjusted by the air-conditioning unit to be substantially equal to a 
predetermined set temperature, the start time and the load being set to 
lower electricity expenses incurred by the preliminary operation based 
on an amount of energy consumed in the preliminary operation and 
electricity unit price information. 

25 
15. The program according to claim 14, wherein the amount of 
energy consumed in the preliminary operation is determined based on 
a difference between the room temperature and the set temperature, a 
capacity of the room, and an amount of energy loss of energy diffused 

30 from the room to the outside during the preliminary operation. 

16. The program according to claim 14, wherein a electricity unit 
price included in the electricity unit price information is set by time 
zones. 

35 
17. The program according to claim 15, wherein the amount of 
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energy loss is predicted based on outside temperature or forecast 
weather. 

18. The program according to claim 14, wherein the operation 
5 schedule is generated by predicting the amount of energy consumed in 

the preliminary operation based on the past information, to lower the 
electricity expenses incurred by the preliminary operation. 

19. The program according to claim 14, wherein, if an upper limit is 
10 set for an electric power demand, the operation schedule is generated 

such that the amount of energy consumed by the preliminary operation 
is equal to or less than the upper limit of the electric power demand. 


