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(57) In an operation control device (10), a plan se-
lection unit (15) determines, at a time point midway
through a time zone where an operation of an air condi-
tioner (54) is controlled along one control plan among a
plurality of control plans, whether a weather change pat-
tern corresponding to the one control plan deviates from
an actual weather change pattern, based on weather da-
ta. If deviates, the plan selection unit (15) selects a weath-

er change pattern that is different from the weather
change pattern corresponding to the one control plan,
from among a plurality of weather change patterns, in
accordance with the weather data. During a rest of the
time zone, the plan selection unit (15) controls the oper-
ation of the air conditioner (54) along a control plan cor-
responding to the different weather change pattern,
among the plurality of control plans.
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Description

Technical Field

[0001] The present invention relates to an operation
control device, an air conditioning system, an operation
control method, and an operation control program.

Background Art

[0002] In offices, factories, and so on, the maximum
demand power is treated as the contract power according
to demand contracts. When power consumption exceeds
the maximum demand power, the contract power goes
high. Therefore, power control is performed so that the
power consumption does not exceed the maximum de-
mand power.
[0003] In offices and so on, air conditioning equipment
occupies a large proportion in power consumption. In or-
der to ensure that the power consumption does not ex-
ceed the maximum demand power, it is important to con-
trol air conditioning equipment so as to suppress its pow-
er consumption.
[0004] The air conditioning equipment is controlled by
the following procedure.
[0005] An air conditioning load is predicted from a
weather prediction, a room usage schedule, and so on
of a certain period. Based on the prediction result, the
maximum demand power and a time zone where the
maximum demand power occurs are calculated. An air
conditioning control plan to reduce power consumption
during that time zone is formulated. The air conditioning
equipment is controlled based on the control plan.
[0006] Prediction of the maximum demand power and
of the time zone may fail depending on an air conditioning
load status such as the actual equipment usage and the
weather. When the prediction fails, it is necessary to mod-
ify the control plan appropriately to bring the power con-
sumption closer to the planned value.
[0007] With the technique described in Patent Litera-
ture 1, an air conditioning load is predicted using a build-
ing model. An operation plan of air conditioning equip-
ment is prepared based on the prediction result. Air con-
ditioning equipment is controlled along the operation
plan.
[0008] With the technique described in Patent Litera-
ture 2, when an error occurs between the predicted load
and the actual load during operation of air conditioning
equipment, the operation plan is formulated again from
the beginning.

Citation List

Patent Literature

[0009]

Patent Literature 1: JP 2011-214794 A

Patent Literature 2: JP 2006-266520 A

Summary of Invention

Technical Problem

[0010] The technique described in Patent Literature 1
cannot sufficiently deal with fluctuations in air condition-
ing load with respect to the prediction.
[0011] With the technique described in Patent Litera-
ture 2, whenever an air conditioning load fluctuates with
respect to prediction, time-consuming processing such
as air conditioning load prediction and re-calculation of
an operation plan for air conditioning equipment is exe-
cuted. Therefore, a modified operation plan cannot be
applied to the process immediately, and there is a pos-
sibility that an error with respect to a planned value of
power consumption per day cannot be absorbed.
[0012] It is an objective of the present invention to be
able to apply a modified plan immediately even when an
air conditioning load fluctuates with respect to the pre-
diction.

Solution to Problem

[0013] An operation control device according to one
aspect of the present invention includes:

a data storage unit to store a plurality of weather
change patterns as a pattern of how weather chang-
es, and store a plurality of control plans as a plan for
controlling an operation of an air conditioning equip-
ment in accordance with the plurality of weather
change patterns, respectively; and
a plan selection unit to
determine, at a time point midway through a time
zone where the operation of the air conditioning
equipment is controlled along one control plan
among the plurality of control plans stored in the data
storage unit, whether a weather change pattern cor-
responding to the one control plan deviates from an
actual weather change pattern, based on weather
data indicating a time-series weather observation re-
sult of up to the time point; if deviates, select a weath-
er change pattern that is different from the weather
change pattern corresponding to the one control
plan, from among the plurality of weather change
patterns stored in the data storage unit, in accord-
ance with the weather data; and during a rest of the
time zone, control the operation of the air condition-
ing equipment along a control plan corresponding to
the different weather change pattern, among the plu-
rality of control plans.

Advantageous Effects of Invention

[0014] In the present invention, when an air condition-
ing load fluctuates with respect to a prediction, a modified
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plan is selected from among a plurality of control plans
formulated in advance. Thus, even when the air condi-
tioning load fluctuates with respect to the prediction, the
modified plan can be applied immediately.

Brief Description of Drawings

[0015]

Fig. 1 is a block diagram illustrating a configuration
of an air conditioning system according to Embodi-
ment 1.
Fig. 2 is a block diagram illustrating a hardware con-
figuration of an operation control device according
to Embodiment 1.
Fig. 3 is a block diagram illustrating a functional con-
figuration of the operation control device according
to Embodiment 1.
Fig. 4 is a flowchart illustrating an operation of the
operation control device according to Embodiment 1.
Fig. 5 presents graphs illustrating weather change
patterns and control plans according to Embodiment
1.
Fig. 6 is a flowchart illustrating an operation of the
operation control device according to Embodiment 1.
Fig. 7 presents graphs illustrating weather change
patterns and control plans according to Embodiment
1.
Fig. 8 is a flowchart illustrating an operation of the
operation control device according to Embodiment 1.
Fig. 9 is a block diagram illustrating a functional con-
figuration of an operation control device according
to Embodiment 2.
Fig. 10 is a block diagram illustrating a functional
configuration of an operation control device accord-
ing to Embodiment 3.
Fig. 11 is a block diagram illustrating a functional
configuration of an operation control device accord-
ing to Embodiment 4.
Fig. 12 is a block diagram illustrating a functional
configuration of an operation control device accord-
ing to Embodiment 5.
Fig. 13 is a block diagram illustrating a functional
configuration of an operation control device accord-
ing to Embodiment 6.

Description of Embodiments

[0016] Embodiments of the present invention will be
described hereinafter referring to drawings. In the draw-
ings, the same or equivalent portions are denoted by the
same reference numeral. In the description of the em-
bodiments, explanation on the same or equivalent por-
tions will be omitted or simplified appropriately. Note that
the present invention is not limited to the embodiments
described below, and various modifications can be made
as needed. For example, of the embodiments described
below, two or more embodiments may be implemented

by combination. Also, among the embodiments de-
scribed below, one embodiment or a combination of two
or more embodiments may be implemented partly.

Embodiment 1.

[0017] This embodiment will be described referring to
Figs. 1 to 8.

*** Description of Configuration ***

[0018] A configuration of an air conditioning system 50
according to this embodiment will be described referring
to Fig. 1.
[0019] The air conditioning system 50 is installed within
arbitrary facilities. In the facilities, there is one or more
rooms 55 each forming an individual space. The room
55 is, for example, an office.
[0020] The air conditioning system 50 is provided with
at least one operation control device 10, one or more
schedulers 52, one or more air conditioning controllers
53, and a plurality of air conditioners 54 which are air
conditioning equipment.
[0021] The operation control device 10 and the air con-
ditioning controller 53 are connected to a LAN 51 where
"LAN" is an abbreviation for local area network. In this
embodiment, the operation control device 10 and the air
conditioning controller 53 communicate with each other
via the LAN 51. Alternatively, the operation control device
10 and the air conditioning controller 53 may communi-
cate with each other not via the LAN 51 alone, but via
another network such as a WAN and the Internet, or may
communicate with each other directly without a network
such as the LAN 51 intervening. Alternatively, the air con-
ditioning controller 53 may be integrated with the opera-
tion control device 10. Note that "WAN" is an abbreviation
for wide area network.
[0022] The scheduler 52 and the air conditioner 54 are
installed in the room 55. The scheduler 52 is a terminal
with which a schedule of a user of the room 55 is regis-
tered. The air conditioner 54 is an indoor unit to be con-
trolled by the air conditioning controller 53. Although not
illustrated, another air conditioning equipment which con-
sumes power, such as an outdoor unit, is also controlled
by the air conditioning controller 53.
[0023] The number of rooms 55 may be one, or alter-
natively there may be a plurality of rooms 55. In this em-
bodiment, the number of air conditioning controllers 53
is one for one room 55. However, a plurality of air con-
ditioning controllers 53 may be provided to one room 55.
Alternatively, one air conditioning controller 53 may be
provided to a plurality of rooms 55.
[0024] One or a plurality of air conditioners 54 are con-
nected to one air conditioning controller 53. The opera-
tion of the air conditioner 54 is controlled by the operation
control device 10 via the connected air conditioning con-
troller 53. The usage schedule of the room 55 is regis-
tered in the scheduler 52 in advance by one or more
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users. The number of people occupying the room chang-
es according to this schedule. Personal data being per-
sonal information of each user is also contained in the
scheduler 52 and managed. The personal data includes
personal information concerning temperature preference
such as being sensitive to heat or the cold.
[0025] A configuration of the operation control device
10 according to this embodiment will be described refer-
ring to Figs. 2 and 3.
[0026] The operation control device 10 is a computer.
The operation control device 10 is provided with a proc-
essor 31 as well as other hardware devices such as a
ROM 32, a memory 33, an auxiliary storage device 34,
an input/output controller 38, and a network controller
39. Note that "ROM" is an abbreviation of read only mem-
ory. The processor 31 is connected to the other hardware
devices via an internal bus 40 and controls these other
hardware devices.
[0027] The operation control device 10 is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, and a data storage unit 20,
as functional elements. Functions of the pattern extrac-
tion unit 11, heat load prediction unit 12, target value
input unit 13, plan formulation unit 14, and plan selection
unit 15 are implemented by software. Although in this
embodiment a function of the data storage unit 20 is im-
plemented by the auxiliary storage device 34, it may be
implemented by the memory 33.
[0028] The processor 31 is a device that executes an
operation control program. The operation control pro-
gram is a program that implements the functions of the
pattern extraction unit 11, heat load prediction unit 12,
target value input unit 13, plan formulation unit 14, and
plan selection unit 15. The processor 31 is, for example,
a CPU where "CPU" is an abbreviation for central
processing unit.
[0029] The memory 33 is, for example, a flash memory
or RAM where "RAM" is an abbreviation for random ac-
cess memory.
[0030] The auxiliary storage device 34 is, for example,
a flash memory or HDD where "HDD" is an abbreviation
for hard disk drive.
[0031] Input devices such as a mouse 35 and a key-
board 36 are connected to the input/output controller 38
and controlled by the input/output controller 38. The input
devices are devices that are operated by the user to input
data to the operation control program. Another type of
input device such as a touch panel may be used together
with the mouse 35 and the keyboard 36, or in addition to
the mouse 35 and the keyboard 36.
[0032] A display 37 is also connected to the input/out-
put controller 38 and controlled by the input/output con-
troller 38. The display 37 is a device that displays data
outputted from the operation control program onto a
screen. The display 37 is, for example, an LCD where
"LCD" is an abbreviation for liquid crystal display.
[0033] The network controller 39 involves a receiver to

receive data inputted to the operation control program
and a transmitter to transmit data outputted from the op-
eration control program.
[0034] The operation control program is stored in the
auxiliary storage device 34. The operation control pro-
gram is loaded to the memory 33, read into the processor
31, and executed by the processor 31. Not only the op-
eration control program but also an OS is stored in the
auxiliary storage device 34 where "OS" is an abbreviation
for operating system. The processor 31 executes the op-
eration control program while executing the OS.
[0035] The operation control program and the OS may
be stored in the ROM 32 or memory 33. The operation
control program may be incorporated in the OS partly or
entirely.
[0036] The operation control device 10 may be provid-
ed with a plurality of processors that replace the proces-
sor 31. The plurality of processors share execution of the
operation control program. Each processor is, for exam-
ple, a CPU.
[0037] Data, information, signal values, and variable
values which are utilized, processed, or outputted by the
operation control program are stored in the memory 33,
the auxiliary storage device 34, or a register or cache
memory in the processor 31.
[0038] The operation control program is a program that
causes the computer to execute processes that are the
pattern extraction unit 11, heat load prediction unit 12,
target value input unit 13, plan formulation unit 14, and
plan selection unit 15 with their "unit" being replaced by
"process". Alternatively, the operation control program is
a program that causes the computer to execute proce-
dures that are the pattern extraction unit 11, heat load
prediction unit 12, target value input unit 13, plan formu-
lation unit 14, and plan selection unit 15 with their "unit"
being replaced by "procedure". The operation control
program may be recorded in a computer-readable me-
dium such as a CD-ROM and a USB memory and may
be provided in the form of the computer-readable medi-
um, or may be provided in the form of a program product.
Note that "CD-ROM" is an abbreviation for compact disk
read only memory and that "USB" is an abbreviation for
universal serial bus.
[0039] The data storage unit 20 has a building infor-
mation storage unit 21, a weather data storage unit 22,
a first pattern storage unit 23, and a plan storage unit 24.
[0040] The building information storage unit 21 stores
geographic information of a building in which the room
55 is located, information indicating a feature of the build-
ing, and information concerning equipment in the build-
ing. The geographic information of the building includes,
for example, information indicating a locational situation
such as the latitude, longitude, and orientation of the
building. The information indicating the feature of the
building includes, for example, information indicating a
number of floors, age, area, the material of the outer wall,
and the material of the inner wall, of the building, includes
information indicating a location such as a floor number
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and orientation of each room 55 of the building, and in-
cludes information indicating a size, shape, number of
windows, air leakage efficiency, and seat position of the
user, of each room 55. The information concerning the
equipment in the building includes, for example, informa-
tion indicating the quantity of air conditioners 54 in each
room 55, model number, performance, years of use, and
installation location of the air conditioner 54, and connec-
tion of the air conditioner 54 with the air conditioning con-
troller 53 in each room 55.
[0041] The weather data storage unit 22 stores weath-
er data. The weather data is data pertaining to the weath-
er of the location or area where the building is located.
The weather data includes, for example, past actual val-
ues, present values, and forecast values of each of tem-
perature, humidity, solar radiation, change in wind direc-
tion and wind speed, sunshine duration per day, and pre-
cipitation. The weather data is used for extracting a
weather change pattern.
[0042] The first pattern storage unit 23 stores a plurality
of weather change patterns as a pattern of how the
weather changes.
[0043] The plan storage unit 24 stores a plurality of
control plans as a plan for controlling the operation of the
air conditioner 54 in accordance with the plurality of
weather patterns, respectively, stored in the first pattern
storage unit 23.

*** Description of Operation ***

[0044] An operation of the operation control device 10
according to this embodiment will be described referring
to Figs. 4 to 8 in addition to Figs. 1 to 3. The operation
of the operation control device 10 is equivalent to an op-
eration control method according to this embodiment.
[0045] Prior to start of controlling the air conditioner
54, the operation control device 10 extracts a large
number of weather change patterns and formulates con-
trol plans for the air conditioner 54.
[0046] Fig. 4 illustrates a procedure of extracting the
large number of weather change patterns and formulat-
ing the control plans for the air conditioner 54.
[0047] In step S101, the pattern extraction unit 11 re-
fers to the weather data stored in the weather data stor-
age unit 22 and extracts the large number of weather
change patterns which can occur during a specific period.
The pattern extraction unit 11 stores the extracted weath-
er change patterns to the first pattern storage unit 23.
[0048] In step S102, the heat load prediction unit 12
refers to various information stored in the building infor-
mation storage unit 21 and calculates a prediction value
of the heat load of the building for every weather change
pattern stored in the first pattern storage unit 23. Calcu-
lation of the heat load can use an existing standard such
as SHASE-S112-2000 which is the standard of The So-
ciety of Heating, Air-Conditioning and Sanitary Engineers
of Japan. Alternatively, the calculation can use software
such as HASP, BEST, and EnergyPlus.

[0049] The target value input unit 13 receives input of
a target value of the power consumption of the air con-
ditioner 54 and a target value of an indoor comfort degree
from a manager 60 in advance via the input devices such
as the mouse 35 and the keyboard 36. The target value
of the power consumption is the target value of total pow-
er consumption amount in the specific period or the target
value of peak power. The target value of the indoor com-
fort degree is the target value of the indoor comfort de-
gree in the specific period.
[0050] In step S103, in respect of the heat load predic-
tion value calculated by the heat load prediction unit 12
for every weather change pattern, the plan formulation
unit 14 formulates such a control plan of the air condi-
tioner 54 that satisfies the specified target value of the
power consumption and the specified target value of the
indoor comfort degree. The plan formulation unit 14
stores a set of a weather change pattern and the formu-
lated control plan to the plan storage unit 24. In formu-
lating the control plan that satisfies the target values, var-
ious well-known methods can be used such as existing
mathematical programming, multi-objective mathemati-
cal programming, and machine learning. As the existing
mathematical programming, Newton’s method, sequen-
tial quadratic programming, dynamic planning, or the like
can be used. As the multi-objective mathematical pro-
gramming, a multi-objective genetic algorithm, a multi-
objective particle swarm optimization, or the like can be
used. To calculate the indoor comfort degree, an existing
warmth-coldness index such as PMV, SET, and UTCI
can be used. Note that "PMV" is an abbreviation for pre-
dicted mean value, "SET" is an abbreviation for standard
new effective temperature, and "UTCI" is an abbreviation
for universal thermal climate index.
[0051] In cases where no control plan can satisfy a
given target value, the plan formulation unit 14 may
prompt the manager 60 via the display 37 to input the
target value again.
[0052] Fig. 5 illustrates the weather change patterns
extracted by the pattern extraction unit 11 and the control
plans formulated by the plan formulation unit 14 in this
embodiment.
[0053] The pattern extraction unit 11 extracts weather
change patterns P1 to Pn that can occur in the specific
period from past weather data stored in the weather data
storage unit 22. The heat load prediction unit 12 predicts
heat load for each of the weather change patterns P1 to
Pn. The plan formulation unit 14 formulates control plans
C1 to Cn of the air conditioner 54 for the weather change
patterns P1 to Pn, respectively. The "specific period" may
be any period, but in this embodiment, it is set to a period
of 7 o’clock to 22 o’clock of the winter season. As the
weather change pattern, the change pattern of the out-
door air temperature is calculated. As the control plan for
the air conditioner 54, a plan of the preset temperature
is calculated.
[0054] As described above, in this embodiment, the
operation control device 10 extracts the weather change
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patterns P1 to Pn prior to start of controlling the air con-
ditioner 54. Based on the weather change patterns P1
to Pn, the operation control device 10 formulates the con-
trol plans C1 to Cn as control plan candidates. The op-
eration control device 10 stores the control plans C1 to
Cn to the plan storage unit 24.
[0055] After that, the operation control device 10 se-
lects a control plan to be used actually for controlling the
air conditioner 54 from among the control plan candidates
stored in the plan storage unit 24, and starts operation
control over the air conditioner 54.
[0056] Fig. 6 illustrates a procedure of starting opera-
tion control over the air conditioner 54 in this embodiment.
This procedure is implemented at a time point T1 illus-
trated in Fig. 5. Note that the time point T1 is the time
point at which operation control over the air conditioner
54 is started. In this embodiment, the time point T1 is 7
o’clock. Note that a time point T2 is the time point at which
operation control over the air conditioner 54 is ended. In
this embodiment, the time point T2 is 22 o’clock.
[0057] In step S201, the plan selection unit 15 acquires
a forecast value of a weather change pattern that might
occur during a specific period in the future, from the
weather data storage unit 22. That is, the plan selection
unit 15 predicts a weather change pattern that occurs in
a period of the time point T1 to the time point T2 based
on the forecast weather data stored in the weather data
storage unit 22.
[0058] In step S202, the plan selection unit 15 selects
a set of a weather change pattern Px the closest to the
predicted weather change pattern and a control plan Cx
corresponding to the weather change pattern Px, from
the plan storage unit 24. More specifically, the plan se-
lection unit 15 finds individual sums of absolute values
of differences between hourly forecast values of the ac-
quired weather change pattern and hourly outdoor air
temperatures of the individual weather change patterns
P1 to Pn stored in the first pattern storage unit 23. The
plan selection unit 15 selects a weather change pattern
Px that provides the smallest sum, and a control plan Cx
corresponding to the weather change pattern Px.
[0059] In step S203, the plan selection unit 15 controls
operation of the air conditioner 54 based on the selected
control plan Cx.
[0060] As described above, in this embodiment, when
starting control over the air conditioner 54, the operation
control device 10 selects the weather change pattern Px
from among the weather change patterns P1 to Pn. The
operation control device 10 selects the control plan Cx
corresponding to the weather change pattern Px from
among the control plans C1 to Cn. The operation control
device 10 controls operation of the air conditioner 54
along the control plan Cx.
[0061] After that, the operation control device 10 mod-
ifies the control plan for the air conditioner 54 as neces-
sary, using the control plan candidates stored in the plan
storage unit 24.
[0062] Fig. 7 illustrates the weather change patterns

selected by the plan selection unit 15 and the control
plans selected by the plan selection unit 15 in this em-
bodiment.
[0063] Fig. 8 illustrates a procedure of modifying the
control plan for the air conditioner 54 in this embodiment.
This procedure is implemented at a time point Tm indi-
cated in Fig. 7. The time point Tm is the time point at
which it is determined whether or not the control plan
needs modification. The time point Tm may be a time
point between the time point T1 and the time point T2,
but in this embodiment, the time point Tm is fixed at 12
o’clock.
[0064] In step S301, the plan selection unit 15 ac-
quires, from the weather data storage unit 22, a meas-
ured value of a weather change pattern Pm from the time
point T1, at which control over the air conditioner 54 is
started, to the present time. That is, the plan selection
unit 15 extracts the weather change pattern Pm occurring
during a period of the time point T1 to the time point Tm
from the last weather data stored in the weather data
storage unit 22. The plan selection unit 15 determines
whether the extracted weather change pattern Pm devi-
ates from the weather change pattern Px selected in step
S202. More specifically, the plan selection unit 15 finds
a sum of absolute values of differences between hourly
measured values of the acquired weather change pattern
Pm and hourly outdoor air temperatures of the weather
change pattern Px stored in the first pattern storage unit
23. If the sum exceeds a threshold value, the plan selec-
tion unit 15 determines that the weather change pattern
Pm deviates from the weather change pattern Px. Alter-
natively, the plan selection unit 15 may determine wheth-
er the measured value deviates from the forecast value
by comparing the measured value of the acquired weath-
er change pattern Pm and the forecast value of the weath-
er change pattern acquired in step S201.
[0065] When the weather change pattern Pm does not
deviate from the weather change pattern Px, the plan
selection unit 15 successively controls the operation of
the air conditioner 54 based on the control plan Cx se-
lected in step S202. When the weather change pattern
Pm deviates from the weather change pattern Px, the
plan selection unit 15 determines that the control plan for
the air conditioner 54 needs modification, and executes
a process of step S302.
[0066] In step S302, the plan selection unit 15 selects
a set of a weather change pattern Py the closest to the
extracted weather change pattern Pm and a control plan
Cy corresponding to the weather change pattern Py, from
the plan storage unit 24. More specifically, the plan se-
lection unit 15 finds individual sums of absolute values
of differences between hourly measured values of the
acquired weather change pattern Pm and hourly outdoor
air temperatures from the time point T1 to the time point
Tm of the individual weather change patterns P1 to Pn
stored in the first pattern storage unit 23. The plan selec-
tion unit 15 selects a weather change pattern Py that
provides the smallest sum, and a control plan Cx corre-
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sponding to the weather change pattern Py.
[0067] In step S303, the plan selection unit 15 cancels
operation control over the air conditioner 54 which has
been conducted along the control plan Cx. The plan se-
lection unit 15 controls operation of the air conditioner 54
based on the newly selected control plan Cy, thereby
modifying the control plan for the air conditioner 54.
[0068] As a result, during operation control over the air
conditioner 54, even if the air conditioning load fluctuates
from the prediction due to the weather conditions, a con-
trol plan can be selected again from among the large
number of control plans formulated in advance in accord-
ance with the fluctuations in air conditioning load. That
is, the control plan can be modified in accordance with
the weather conditions. Modification of the control plan
does not require prediction of the weather change pat-
tern, prediction of the heat load, and recalculation of the
control plan, so that the calculation cost can be sup-
pressed. Since modification of the control plan does not
take much time, the control plan can be modified before
the error grows. As a result, it is possible to keep con-
trolling the air conditioner 54 while maintaining the power
consumption and the indoor comfort degree that are
close to the planned values given as the targets.
[0069] As described above, in this embodiment, at the
time point Tm midway through a time zone T where op-
eration of the air conditioner 54 is controlled along one
control plan Cx among the plurality of control plans C 1
to Cn stored in the data storage unit 20, the plan selection
unit 15 determines whether the weather change pattern
Px corresponding to the control plan Cx deviates from
the actual weather change pattern Pm, based on the
weather data indicating a time-series weather observa-
tion result of up to the time point Tm. If the weather
change pattern Px deviates, the plan selection unit 15
selects a weather change pattern Py that is different from
the weather change pattern Px corresponding to the con-
trol plan Cx, from among the plurality of weather change
patterns P1 to Pn stored in the data storage unit 20, in
accordance with the weather data. During the rest of the
time zone T, the plan selection unit 15 controls operation
of the air conditioner 54 along the control plan Cy corre-
sponding to the weather change pattern Py, among the
plurality of control plans C1 to Cn. Note that the time zone
T is a period of the time point T1 to the time point T2.
[0070] In this embodiment, the target values of the
power consumption and indoor comfort degree are in-
putted directly by the manager 60. Alternatively, candi-
date values of the target values may be prepared, and
desired values may be selected by the manager 60 from
among the candidate values.
[0071] In this embodiment, both the power consump-
tion of the air conditioner 54 and the comfort of the space
where the air conditioner 54 is installed are considered,
but alternatively only one of them may be considered.
That is, inputting of a target value may be omitted for
either one of the power consumption and the indoor com-
fort degree.

[0072] Instead of the indoor comfort degree, another
type of indoor/outdoor atmosphere value may be used.
[0073] In this embodiment, whether or not the control
plan for the air conditioner 54 needs modification is de-
termined at one time point Tm only. Alternatively, whether
or not the control plan needs modification may be deter-
mined at a plurality of time points. In this embodiment,
the calculation cost for modification of the control plan
can be suppressed, as described above. Also, modifica-
tion of the control plan does not take much time. There-
fore, it is desirable to increase the frequency of determi-
nation as to whether or not the control plan needs mod-
ification.

*** Description of Effect of Embodiment ***

[0074] In this embodiment, when an air conditioning
load fluctuates from the prediction, a modified plan is
selected from among a plurality of control plans formu-
lated in advance. Therefore, even when the air condition-
ing load fluctuates from the prediction, a modified plan
can be applied immediately.
[0075] In this embodiment, even when the air condi-
tioning load fluctuates from the prediction during control
over the air conditioner 54, the control plan for the air
conditioner 54 is modified immediately so that the power
consumption and the indoor comfort degree fall within
target ranges of the specific period. Therefore, it is pos-
sible to keep controlling the air conditioner 54 while main-
taining a state where the power consumption and the
indoor comfort degree are close to the planned values.

*** Other Configuration ***

[0076] In this embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, and plan se-
lection unit 15 are implemented by software. In a modi-
fication, the functions of the pattern extraction unit 11,
heat load prediction unit 12, target value input unit 13,
plan formulation unit 14, and plan selection unit 15 may
be implemented by a combination of software and hard-
ware. That is, some of the functions of the pattern ex-
traction unit 11, heat load prediction unit 12, target value
input unit 13, plan formulation unit 14, and plan selection
unit 15 may be implemented by dedicated hardware, and
the remaining functions may be implemented by soft-
ware.
[0077] The dedicated hardware is, for example, a sin-
gle circuit, a composite circuit, a programmed processor,
a parallel-programmed processor, a logic IC, a GA, an
FPGA, or an ASIC. Note that "IC" is an abbreviation for
integrated circuit; "GA" is an abbreviation for gate array;
"FPGA" is an abbreviation for field-programmable gate
array; and "ASIC" is an abbreviation for application spe-
cific integrated circuit.
[0078] The processor 31 and the dedicated hardware
are both processing circuitry. That is, regardless of

11 12 



EP 3 617 607 A1

8

5

10

15

20

25

30

35

40

45

50

55

whether the functions of the pattern extraction unit 11,
heat load prediction unit 12, target value input unit 13,
plan formulation unit 14, and plan selection unit 15 are
implemented by software or by a combination of software
and hardware, the functions of the pattern extraction unit
11, heat load prediction unit 12, target value input unit
13, plan formulation unit 14, and plan selection unit 15
are implemented by the processing circuitry.

Embodiment 2.

[0079] This embodiment will be described referring to
Fig. 9 mainly regarding differences from Embodiment 1.

*** Description of Configuration ***

[0080] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 9.
[0081] The operation control device 10 is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, a data storage unit 20, and
additionally an actual value acquisition unit 16, as func-
tional elements. Functions of the pattern extraction unit
11, heat load prediction unit 12, target value input unit
13, plan formulation unit 14, plan selection unit 15, and
actual value acquisition unit 16 are implemented by soft-
ware.
[0082] In Embodiment 1, when modifying the control
plan for the air conditioner 54, the weather change pattern
Py the closest to the measured weather change pattern
Pm is selected, and the control plan Cy corresponding
to the weather change pattern Py is selected as a new
control plan. However, in cases where, for example, the
weather has changed heavily by the time point Tn at
which the control plan is modified, even if a new control
plan is selected, it is sometimes difficult to achieve the
target power consumption because, for example, the
power has already been used excessively or has hardly
been used. In view of this, according to this embodiment,
when modifying the control plan for an air conditioner 54,
the actual value of the power consumption before plan
modification is referred to, and such a control plan is se-
lected that according to which the power consumption
during a specific period becomes the closest to the
planned value after the plan modification.

*** Description of Operation ***

[0083] An operation of the operation control device 10
according to this embodiment will be described referring
to Fig. 9. The operation of the operation control device
10 is equivalent to an operation control method according
to this embodiment.
[0084] A procedure of extracting a weather change pat-
tern and formulating a control plan for the air conditioner
54 is the same as that of Embodiment 1 illustrated in Fig.

4, and accordingly its description will be omitted.
[0085] Also, a procedure of starting operation control
over the air conditioner 54 is the same as that of Embod-
iment 1 illustrated in Fig. 6, and accordingly its description
will be omitted.
[0086] A procedure of modifying the control plan for
the air conditioner 54 in this embodiment will be described
regarding differences from the procedure in Embodiment
1 illustrated in Fig. 8.
[0087] A process of step S301 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0088] At the time point Tm at which it is determined
whether or not the control plan for the air conditioner 54
needs modification, the actual value acquisition unit 16
acquires an actual value of power consumption from a
time point T1, at which operation control for the air con-
ditioner 54 is started, to a time point Tm.
[0089] In step S302, the plan selection unit 15 refers
to the actual value of the power consumption acquired
by the actual value acquisition unit 16 and selects, from
among control plans C1 to Cn stored in a plan storage
unit 24, a control plan Cy that may allow achieving a
target value of the power consumption and a target value
of an indoor comfort degree throughout a specific period.
More specifically, the plan selection unit 15 subtracts the
actual value of the power consumption acquired by the
actual value acquisition unit 16 from the target value of
the total power consumption amount from a time point
T1 to a time point T2 at which operation control over the
air conditioner 54 ends. The subtraction result corre-
sponds to a power amount that can be used from a time
point Tm to the time point T2. The plan selection unit 15
calculates a prediction value of the power consumption
from the time point Tm to the time point T2, for each of
the control plans C1 to Cn. The plan selection unit 15
determines whether the calculated prediction value ex-
ceeds the power amount that can be used from the time
point Tm to the time point T2, for each of the control plans
C1 to Cn. The plan selection unit 15 selects a weather
change pattern Py the closest to a weather change pat-
tern Pm extracted in step S301, from among weather
change patterns corresponding to control plans whose
prediction values are equal to or less than the usable
power amount. Then, the plan selection unit 15 selects
the control plan Cy corresponding to the weather change
pattern Py.
[0090] A process of step S303 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0091] As described above, in this embodiment, the
plan formulation unit 14 formulates the plurality of control
plans C1 to Cn in accordance with the target value of the
power consumption of the air conditioner 54 in a time
zone T. The plan formulation unit 14 stores the plurality
of control plans C1 to Cn to the data storage unit 20.
Unlike in Embodiment 1, when selecting the weather
change pattern Py, the plan selection unit 15 specifies,
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from among the plurality of control plans C1 to Cn, a
control plan according to which a prediction value of pow-
er consumption of the air conditioner 54 during the rest
of the time zone T exceeds a difference between the
target value and the actual value of power consumption
of the air conditioner 54 of up to the time point Tm. The
plan selection unit 15 excludes a weather change pattern
corresponding to the specified control plan from candi-
dates.

*** Description of Effect of Embodiment ***

[0092] According to this embodiment, the air condition-
er 54 can be controlled such that even if the control plan
for the air conditioner 54 is modified, the power consump-
tion stays within a target range planned before modifica-
tion of the control plan.

*** Other Configuration ***

[0093] In this embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, plan selection
unit 15, and actual value acquisition unit 16 are imple-
mented by software, as in Embodiment 1. Alternatively,
the functions of the pattern extraction unit 11, heat load
prediction unit 12, target value input unit 13, plan formu-
lation unit 14, plan selection unit 15, and actual value
acquisition unit 16 may be implemented by a combination
of software and hardware, as in the modification of Em-
bodiment 1.

Embodiment 3.

[0094] This embodiment will be described referring to
Fig. 10 mainly regarding differences from Embodiment 1.

*** Description of Configuration ***

[0095] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 10.
[0096] The operation control device 10 is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, a data storage unit 20, and
additionally an actual value acquisition unit 16 and an
estimation value acquisition unit 17, as functional ele-
ments. Functions of the pattern extraction unit 11, heat
load prediction unit 12, target value input unit 13, plan
formulation unit 14, plan selection unit 15, actual value
acquisition unit 16, and estimation value acquisition unit
17 are implemented by software.

*** Description of Operation ***

[0097] An operation of the operation control device 10
according to this embodiment will be described referring

to Fig. 10. The operation of the operation control device
10 is equivalent to an operation control method according
to this embodiment.
[0098] A procedure of extracting a weather change pat-
tern and formulating a control plan for an air conditioner
54 is the same as that of Embodiment 1 illustrated in Fig.
4, and accordingly its description will be omitted.
[0099] A procedure of starting operation control over
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 6.
[0100] A process of step S201 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0101] At a time point T1 at which operation control
over the air conditioner 54 is started, the estimation value
acquisition unit 17 acquires an estimated value of extra
power generated during a specific period by at least one
of power saving, power generation, and power storage
performed by another equipment in a building where the
air conditioner 54 is installed. Note that "another equip-
ment" refers to some or all of: power consumption equip-
ment 56 such as lighting equipment, an elevator, water
supply and drainage equipment, heat source equipment,
heat transfer equipment, and ventilation equipment that
consume power; power generation equipment 57 such
as solar power generation equipment and wind power
generation equipment; and power storage equipment 58
such as an accumulator battery, a fuel cell, and an electric
automobile. The extra power generated by "power sav-
ing" refers to power that becomes available to the air
conditioner 54 when the power consumption of the power
consumption equipment 56 is reduced by suspension of
operation or energy saving operation of the power con-
sumption equipment 56. The extra power generated by
"power generation" refers to power that becomes avail-
able to the air conditioner 54 when power generated by
the power generation equipment 57 is supplied from the
power generation equipment 57. The extra power gen-
erated by "power storage" refers to power that becomes
available to the air conditioner 54 when power stored in
the power storage equipment 58 is supplied from the
power storage equipment 58.
[0102] In step S202, the plan selection unit 15 refers
to the estimated value of the extra power acquired by the
estimation value acquisition unit 17 and selects, from
among control plans C1 to Cn stored in the plan storage
unit 24, a control plan Cy that may allow achieving a
target value of the power consumption and a target value
of an indoor comfort degree in a specific period. More
specifically, the plan selection unit 15 adds the estimated
value of the extra power acquired by the estimation value
acquisition unit 17 to the target value of the total power
consumption amount from the time point T1 to a time
point T2 at which operation control over the air condition-
er 54 ends. The addition result corresponds to a power
amount that can be used from the time point T1 to the
time point T2. The plan selection unit 15 calculates a
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prediction value of the power consumption from the time
point T1 to the time point T2, for each of the control plans
C1 to Cn. The plan selection unit 15 determines whether
the calculated prediction value exceeds the power
amount that can be used from the time point T1 to the
time point T2, for each of the control plans C1 to Cn. The
plan selection unit 15 selects a weather change pattern
Px the closest to a weather change pattern predicted in
step S201, from among weather change patterns corre-
sponding to control plans whose prediction values are
equal to or less than the usable power amount. Then,
the plan selection unit 15 selects a control plan Cx cor-
responding to the weather change pattern Px.
[0103] A process of step S303 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0104] A procedure of modifying the control plan for
the air conditioner 54 in this embodiment will be described
regarding differences from the procedure in Embodiment
1 illustrated in Fig. 8.
[0105] A process of step S301 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0106] At the time point Tm at which it is determined
whether or not to the control plan of the air conditioner
54 needs modification, the actual value acquisition unit
16 acquires an actual value of power consumption from
the time point T1 to a time point Tm of the air conditioner
54, and actual values of power consumption, generated
power, and stored power from the time point T1 to the
time point Tm of another equipment.
[0107] At the time point Tm, the estimation value ac-
quisition unit 17 acquires an estimated value of extra
power generated by at least one of power saving, power
generation, and power storage from the time point Tm to
the time point T2 by another equipment.
[0108] In step S302, the plan selection unit 15 refers
to the actual values of power consumption, generated
power, and stored power which are acquired by the actual
value acquisition unit 16 and an estimated value of extra
power acquired by the estimation value acquisition unit
17 and selects, from among the control plans C1 to Cn
stored in the plan storage unit 24, the control plan Cy that
may allow achieving the target values of the power con-
sumption and indoor comfort degree throughout a spe-
cific period. More specifically, the plan selection unit 15
calculates an actual value of an extra power from the
time point T1 to the time point Tm from the actual values
of the power consumption, generated power, and stored
power of another equipment which are acquired by the
actual value acquisition unit 16. The plan selection unit
15 subtracts the actual value of the power consumption,
acquired by the actual value acquisition unit 16, of the
air conditioner 54 from the sum of the calculated actual
value of the extra power, the target value of the total
power consumption amount from the time point T1 to the
time point T2, and the estimated value, acquired by the
estimation value acquisition unit 17, of the power con-

sumption. The subtraction result corresponds to a power
amount that can be used from the time point Tm to the
time point T2. The plan selection unit 15 calculates a
prediction value of the power consumption from the time
point Tm to the time point T2, for each of the control plans
C1 to Cn. The plan selection unit 15 determines whether
the calculated prediction value exceeds the power
amount that can be used from the time point Tm to the
time point T2, for each of the control plans C1 to Cn. The
plan selection unit 15 selects the weather change pattern
Py the closest to the weather change pattern Pm predict-
ed in step S301, from among weather change patterns
corresponding to control plans whose prediction values
are equal to or less than the usable power amount. Then,
the plan selection unit 15 selects the control plan Cy cor-
responding to the weather change pattern Py.
[0109] A process of step S303 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0110] As described above, in this embodiment, unlike
in Embodiment 1, when selecting the weather change
pattern Py, the plan selection unit 15 specifies, from
among the plurality of control plans C1 to Cn, a control
plan according to which a prediction value of power con-
sumption of the air conditioner 54 during the rest of the
time zone T exceeds an estimated value of extra power
generated during the rest of the time zone T by at least
one of suspension of operation or energy saving opera-
tion of the power consumption equipment 56 other than
the air conditioner 54, power supply from the power gen-
eration equipment 57, and power supply from the power
storage equipment 58. The plan selection unit 15 ex-
cludes a weather change pattern corresponding to the
specified control plan from candidates.

*** Description of Effect of Embodiment ***

[0111] According to this embodiment, it is possible to
determine how much power the air conditioner 54 may
consume during a specific period while taking into con-
sideration the extra power generated by at least one of
power saving, power generation, and power storage per-
formed by another equipment in the building where the
air conditioner 54 is installed. It is also possible to select
or modify the control plan for the air conditioner 54 based
on the determination result so that the target value of the
power consumption is achieved.

*** Other Configuration ***

[0112] In this embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, plan selection
unit 15, actual value acquisition unit 16, and estimation
value acquisition unit 17 are implemented by software,
as in Embodiment 1. Alternatively, the functions of the
pattern extraction unit 11, heat load prediction unit 12,
target value input unit 13, plan formulation unit 14, plan
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selection unit 15, actual value acquisition unit 16, and
estimation value acquisition unit 17 may be implemented
by a combination of software and hardware, as in the
modification of Embodiment 1.

Embodiment 4.

[0113] This embodiment will be described referring to
Fig. 11 mainly regarding differences from Embodiment 1.

*** Description of Configuration ***

[0114] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 11.
[0115] The operation control device 10 is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, a data storage unit 20, and
additionally a plan extraction unit 18, as functional ele-
ments. Functions of the pattern extraction unit 11, heat
load prediction unit 12, target value input unit 13, plan
formulation unit 14, plan selection unit 15, and plan ex-
traction unit 18 are implemented by software.
[0116] The plan extraction unit 18 is located between
the plan selection unit 15 and a plan storage unit 24.

*** Description of Operation ***

[0117] An operation of the operation control device 10
according to this embodiment will be described referring
to Fig. 11. The operation of the operation control device
10 is equivalent to an operation control method according
to this embodiment.
[0118] A procedure of extracting a weather change pat-
tern and formulating a control plan for an air conditioner
54 is the same as that of Embodiment 1 illustrated in Fig.
4, and accordingly its description will be omitted.
[0119] A procedure of starting operation control over
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 6.
[0120] A process of step S201 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0121] At a time point T1 at which operation control
over the air conditioner 54 is started, the plan extraction
unit 18 acquires an actual value representing a weather
change pattern of up to the time point T1 from a weather
data storage unit 22. The plan extraction unit 18 extracts
control plans from among control plans C1 to Cn stored
in the plan storage unit 24, excluding a control plan for-
mulated based on a weather change pattern completely
different from the actual value representing the weather
change pattern of up to the time point T1. The plan ex-
traction unit 18 hands only the extracted control plans to
the plan selection unit 15.
[0122] In step S202, the plan selection unit 15 selects

a weather change pattern Px the closest to the weather
change pattern predicated in step S201 from among
weather change patterns corresponding to the control
plans extracted by the plan extraction unit 18. Then, the
plan selection unit 15 selects a control plan Cx corre-
sponding to the weather change pattern Px.
[0123] A process of S203 is the same as that of Em-
bodiment 1, and accordingly its description will be omit-
ted.
[0124] A procedure of modifying the control plan for
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 8.
[0125] A process of step S301 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0126] At a time point Tm at which it is determined
whether nor not the control plan for the air conditioner 54
needs modification, the plan extraction unit 18 acquires
an actual value representing the weather change pattern
Pm of up to the time point Tm from the weather data
storage unit 22. The plan extraction unit 18 extracts con-
trol plans from among the control plans C1 to Cn stored
in the plan storage unit 24, excluding a control plan for-
mulated based on a weather change pattern completely
different from the actual value representing a weather
change pattern Pm of up to the time point T1. The plan
extraction unit 18 hands only the extracted control plans
to the plan selection unit 15.
[0127] In step S302, the plan selection unit 15 selects
a weather change pattern Py the closest to the weather
change pattern Pm extracted in step S301 from among
weather change patterns corresponding to the control
plans extracted by the plan extraction unit 18. Then, the
plan selection unit 15 selects a control plan Cy corre-
sponding to the weather change pattern Py.
[0128] A process of S303 is the same as that of Em-
bodiment 1, and its description will accordingly be omit-
ted.
[0129] As described above, in this embodiment, the
plan extraction unit 18 extracts, from among a plurality
of weather change patterns P1 to Pn, a weather change
pattern deviating from the actual weather change pattern,
based on a weather observation result of before a time
zone T. Unlike in Embodiment 1, the plan selection unit
15 selects one weather change pattern Px other than the
weather change pattern extracted by the plan extraction
unit 18, from among the plurality of weather change pat-
terns P1 to Pn stored in the data storage unit 20. As in
Embodiment 1, during the time zone T, the plan selection
unit 15 controls the operation of the air conditioner 54
along the control plan Cx corresponding to the weather
change pattern Px, among the plurality of control plans
C1 to Cn.

*** Description of Effect of Embodiment ***

[0130] According to this embodiment, candidates to
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choose from for the plan selection unit 15 when selecting
the control plan for the air conditioner 54 can be reduced.
Therefore, the control plan for the air conditioner 54 can
be selected more rapidly.

*** Other Configuration ***

[0131] In this embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, plan selection
unit 15, and plan extraction unit 18 are implemented by
software, as in Embodiment 1. Alternatively, the functions
of the pattern extraction unit 11, heat load prediction unit
12, target value input unit 13, plan formulation unit 14,
plan selection unit 15, and plan extraction unit 18 may
be implemented by a combination of software and hard-
ware, as in the modification of Embodiment 1.

Embodiment 5.

[0132] This embodiment will be described referring to
Fig. 12 mainly regarding differences from Embodiment 1.

*** Description of Configuration ***

[0133] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 12.
[0134] The operation control device 10 is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, a data storage unit 20, and
additionally a plan modification unit 19, as functional el-
ements. Functions of the pattern extraction unit 11, heat
load prediction unit 12, target value input unit 13, plan
formulation unit 14, plan selection unit 15, and plan mod-
ification unit 19 are implemented by software.
[0135] The plan modification unit 19 is located side by
side with the plan selection unit 15.
[0136] In Embodiment 1, when modifying the control
plan for the air conditioner 54, the control plan Cy formu-
lated based on the weather change pattern Py similar to
the actual value representing the weather change pattern
Pm of up to that time point is selected as a new control
plan. However, in cases where a weather change pattern
Py similar to the actual value representing the weather
change pattern Pm of up to that time point does not exist,
even if the control plan for the air conditioner 54 is mod-
ified, the power consumption and indoor comfort degree
as targets cannot be achieved. In view of this, according
to this embodiment, when modifying the control plan for
the air conditioner 54, a weather change pattern of a spe-
cific period is newly calculated based on the actual value
representing a weather change pattern Pm of up to that
time point. Then, the already formulated control plan for
the air conditioner 54 is modified based on the newly
calculated weather change pattern.

*** Description of Operation ***

[0137] An operation of the operation control device 10
according to this embodiment will be described referring
to Fig. 12. The operation of the operation control device
10 is equivalent to an operation control method according
to this embodiment.
[0138] A procedure of extracting a weather change pat-
tern and formulating a control plan for an air conditioner
54 is the same as that of Embodiment 1 illustrated in Fig.
4, and accordingly its description will be omitted.
[0139] A procedure of starting operation control over
the air conditioner 54 is also the same as that of Embod-
iment 1 illustrated in Fig. 6, and accordingly its description
will be omitted.
[0140] A procedure of modifying the control plan for
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 8.
[0141] A process of step S301 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0142] At a time point Tm at which it is determined
whether or not the control plan for the air conditioner 54
needs modification, the plan modification unit 19 acquires
an actual value representing a weather change pattern
Pm of up to the time point Tm from a weather data storage
unit 22. In cases where a control plan formulated based
on a weather change pattern similar to the actual value
representing a weather change pattern of up to the time
point Tm does not exist among the control plans C1 to
Cn stored in a plan storage unit 24, the plan modification
unit 19 modifies one of the already formulated control
plans. More specifically, the plan modification unit 19 pre-
dicts weather fluctuations from the time point Tm to the
time point T2 based on the actual value representing the
weather change pattern Pm. The plan modification unit
19 newly calculates a weather change pattern in a spe-
cific period in accordance with the actual value repre-
senting the weather change pattern Pm and the predic-
tion values of the weather fluctuations. The plan modifi-
cation unit 19 selects an arbitrary one of the control plans
C1 to Cn stored in the plan storage unit 24. The plan
modification unit 19 estimates how power consumption
and indoor comfort degree in the selected control plan
change according to the newly calculated weather
change pattern. Based on the estimation result, the plan
modification unit 19 alters part of the selected control
plan so that the power consumption and indoor comfort
degree as targets can be achieved. For example, the
plan modification unit 19 changes a preset temperature
in some period of the air conditioner 54.
[0143] A process of step S303 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0144] As described above, in this embodiment, in cas-
es where every one of the plurality of weather change
patterns stored in the data storage unit 20 deviates from

21 22 



EP 3 617 607 A1

13

5

10

15

20

25

30

35

40

45

50

55

the actual weather change pattern, the plan modification
unit 19 predicts weather fluctuations during the rest of
the time zone T based on the weather data. The plan
modification unit 19 calculates a new weather change
pattern in accordance with the prediction result. The plan
modification unit 19 modifies an arbitrary control plan
among the plurality of control plans C1 to Cn in accord-
ance with the calculated weather change pattern. During
the rest of the time zone T, the plan selection unit 15
controls the operation of the air conditioner 54 along the
control plan modified by the plan modification unit 19.
[0145] Instead of modifying the control plan by chang-
ing part of the existing control plan, the plan modification
unit 19 may predict heat load from a newly calculated
weather change pattern, as in step S102, and may re-
formulate a control plan that achieves the power con-
sumption and power indoor comfort degree as targets,
as in step S103.

*** Description of Effect of Embodiment ***

[0146] According to this embodiment, when modifying
the control plan of the air conditioner 54, not only a
scheme of selecting a control plan again but also a
scheme of modifying a control plan itself may be em-
ployed. Therefore, it is possible to flexibly deal with a
case where a weather change pattern not similar to any
one of weather change patterns prepared in advance oc-
curs.

***Other Configuration ***

[0147] In this embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, plan selection
unit 15, and plan modification unit 19 are implemented
by software, as in Embodiment 1. Alternatively, the func-
tions of the pattern extraction unit 11, heat load prediction
unit 12, target value input unit 13, plan formulation unit
14, plan selection unit 15, and plan modification unit 19
may be implemented by a combination of software and
hardware, as in the modification of Embodiment 1.

Embodiment 6.

[0148] This embodiment will be described referring to
Fig. 13 mainly regarding differences from Embodiment 1.

*** Description of Configuration ***

[0149] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 13.
[0150] In Embodiment 1, when an air conditioning load
fluctuates from a prediction due to the weather condi-
tions, the control plan for the air conditioner 54 is modi-
fied. However, fluctuations in air conditioning load de-
pend not only on the weather conditions but also on an-

other factor such as a ventilation temperature and facility
usage status. In view of this, in this embodiment, not only
a large number of weather change patterns but also a
large number of heat load fluctuation patterns caused by
a factor such as an illumination usage, a human occu-
pancy, an apparatus usage, and a ventilation quantity
which influence the heat load are extracted. By formulat-
ing control plans corresponding to individual heat load
fluctuation patterns, even when fluctuations are caused
by a factor other than the weather conditions, the control
plan can be modified to deal with the fluctuations.
[0151] A data storage unit 20 has a building information
storage unit 21, a weather data storage unit 22, a first
pattern storage unit 23, a plan storage unit 24, and ad-
ditionally a second pattern storage unit 25, a third pattern
storage unit 26, a fourth pattern storage unit 27, a fifth
pattern storage unit 28, and a sixth pattern storage unit
29.
[0152] The second pattern storage unit 25, third pattern
storage unit 26, fourth pattern storage unit 27, and fifth
pattern storage unit 28 store a plurality of subject change
patterns as a pattern of how a subject different from the
weather changes to serve as a factor that changes the
heat load of the air conditioner 54.
[0153] More specifically, the second pattern storage
unit 25 stores illumination usage patterns as the plurality
of subject change patterns. The illumination usage pat-
tern is a pattern of how the usage status of the illumination
equipment in each room 55 changes. The illumination
usage pattern can be obtained from a scheduler 52, or
an entry and exit management controller or card reader
(not shown).
[0154] The third pattern storage unit 26 stores human
occupancy patterns as the plurality of subject change
patterns. The human occupancy pattern is a pattern of
how a probability of presence of at least one person in
each room 55 changes. The human occupancy pattern
can be obtained from the scheduler 52, or the entry and
exit management controller or card reader (not shown).
[0155] The fourth pattern storage unit 27 stores appa-
ratus usage patterns as the plurality of subject change
patterns. The apparatus usage pattern is a pattern of how
the usage status of each one of various apparatuses in
the building changes. The apparatus usage pattern can
be obtained from each one of various apparatuses in the
building.
[0156] The fifth pattern storage unit 28 stores ventila-
tion amount patterns as the plurality of subject change
patterns. The ventilation amount pattern is a pattern of
how the ventilation amount of each room 55 changes.
The ventilation amount pattern can be obtained from the
air conditioning controller 53.
[0157] The sixth pattern storage unit 29 stores a plu-
rality of heat load fluctuation patterns predicated in ac-
cordance with the plurality of subject change patterns
stored in each of the second pattern storage unit 25, third
pattern storage unit 26, fourth pattern storage unit 27,
and fifth pattern storage unit 28.
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[0158] The plan storage unit 24 stores a plurality of
control plans as a plan for controlling the operation of the
air conditioner 54 in accordance with respective combi-
nations of the plurality of weather change patterns and
the plurality of subject change patterns. In this embodi-
ment, the plurality of control plans are individually formu-
lated in practice in accordance with the plurality of heat
load fluctuation patterns stored in the sixth pattern stor-
age unit 29. Alternatively, the plurality of control plans
may be individually formulated in accordance with the
respective combinations of the plurality of weather
change patterns and the plurality of subject change pat-
terns. That is, instead of formulating one control plan for
one heat load fluctuation pattern, one control plan may
be formulated for one combination of a weather change
pattern and a subject change pattern.

*** Description of Operation ***

[0159] An operation of the operation control device 10
according to this embodiment will be described referring
to Fig. 13. The operation of the operation control device
10 is equivalent to an operation control method according
to this embodiment.
[0160] A procedure of extracting a weather change pat-
tern and formulating a control plan for an air conditioner
54 in this embodiment will be described regarding differ-
ences from that of Embodiment 1 illustrated in Fig. 4.
[0161] A process of step S101 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.
[0162] In step S102, a heat load prediction unit 12 pre-
dicts a large number of heat load fluctuation patterns from
among combinations of various patterns of a specific pe-
riod which are stored in the first pattern storage unit 23,
second pattern storage unit 25, third pattern storage unit
26, fourth pattern storage unit 27, and fifth pattern storage
unit 28. The heat load prediction unit 12 stores the pre-
dicted heat load fluctuation patterns to the sixth pattern
storage unit 29.
[0163] In step S103, a plan formulation unit 14 formu-
lates, for each of all heat load fluctuation patterns stored
in the sixth pattern storage unit 29, a control plan for the
air conditioner 54 to satisfy a target value of a designated
power consumption and a target value of a designated
indoor comfort degree. The plan formulation unit 14
stores sets of the heat load fluctuation patterns and for-
mulated control plans to the plan storage unit 24.
[0164] A procedure of starting operation control over
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 6.
[0165] At a time point T1 at which operation control
over the air conditioner 54 is started, a plan selection unit
15 selects an appropriate heat load fluctuation pattern
predicated from a plan for a specific period of the illumi-
nation usage, human occupancy, apparatus usage, and
ventilation quantity, and a control plan Cx corresponding

to the heat load fluctuation pattern, from the plan storage
unit 24. The plan selection unit 15 controls operation of
the air conditioner 54 based on the selected control plan
Cx.
[0166] A procedure of modifying the control plan for
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 8.
[0167] At a time point Tm at which it is determined
whether or not the control plan of the air conditioner 54
needs modification, the plan selection unit 15 selects a
heat load fluctuation pattern similar to a heat load fluctu-
ation pattern of up to the time point Tm and a control plan
Cy corresponding to that heat load fluctuation pattern,
from the plan storage unit 24 appropriately. The plan se-
lection unit 15 controls operation of the air conditioner 54
based on the selected control plan Cy.
[0168] The processing described above is practiced at
the time of formulating the control plan for the air condi-
tioner 54, at the time of starting control over the air con-
ditioner 54, and at the time of modifying the control plan
for the air conditioner 54.
[0169] As described above, in this embodiment, at the
time point Tm, if the subject change pattern correspond-
ing to the control plan Cx deviates from the actual subject
change pattern, then in the rest of a time zone T, the plan
selection unit 15 controls the operation of the air condi-
tioner 54 along a control plan corresponding to a subject
change pattern that is different from the subject change
pattern corresponding to the control plan Cx, among a
plurality of control plans C1 to Cn.
[0170] In this embodiment, when the heat load fluctu-
ates, the control plan for the air conditioner 54 is modified
through comparison with the heat load fluctuation pattern
which is stored in the sixth pattern storage unit 29 in ad-
vance. Alternatively, the control plan for the air condition-
er 54 may be modified through comparison of individual
heat load factor. For example, when only the human oc-
cupancy fluctuates, the control plan may be selected
through comparison with a human occupancy pattern
which is stored in the third pattern storage unit 26 in ad-
vance.
[0171] In this embodiment, the illumination usage, hu-
man occupancy, apparatus usage, and ventilation quan-
tity are discussed as factors that fluctuate the air condi-
tioning load. Note that there are many other fluctuation
factors. For example, if a human condition changes, an
optimal temperature changes. As the optimal tempera-
ture changes, an appropriate indoor comfort degree as
well as a preset temperature and heat load of the air
conditioner 54 fluctuate accordingly. Therefore, the con-
trol plan for the air conditioner 54 may be modified by
taking into consideration a fluctuation pattern due to a
heat load fluctuation factor other than the factors dis-
cussed in this embodiment.
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*** Description of Effect of Embodiment ***

[0172] According to this embodiment, during operation
control over the air conditioner 54, if an air conditioning
load fluctuates from a prediction due to a factor other
than weather conditions, a control plan can be selected
again from among a large number of control plans for-
mulated in advance, in accordance with the fluctuations
of the air conditioning load. Therefore, the calculation
cost can be suppressed. Since modification of the control
plan does not take much time, the control plan can be
modified before the error grows. As a result, it is possible
to keep controlling the air conditioner 54 while maintain-
ing power consumption and indoor comfort degree that
are close to the planned values given as the targets.

Reference Signs List

[0173] 10: operation control device; 11: pattern extrac-
tion unit; 12: heat load prediction unit; 13: target value
input unit; 14: plan formulation unit; 15: plan selection
unit; 16: actual value acquisition unit; 17: estimation value
acquisition unit; 18: plan extraction unit; 19: plan modifi-
cation unit; 20: data storage unit; 21: building information
storage unit; 22: weather data storage unit; 23: first pat-
tern storage unit; 24: plan storage unit; 25: second pattern
storage unit; 26: third pattern storage unit; 27: fourth pat-
tern storage unit; 28: fifth pattern storage unit; 29: sixth
pattern storage unit; 31: processor; 32: ROM; 33: mem-
ory; 34: auxiliary storage device; 35: mouse; 36: key-
board; 37: display; 38: input/output controller; 39: net-
work controller; 40: internal bus; 50: air conditioning sys-
tem; 51: LAN; 52: scheduler; 53: air conditioning control-
ler; 54: air conditioner; 55: room; 56: power consumption
equipment; 57: power generation equipment; 58: power
storage equipment; 60: manager

Claims

1. An operation control device comprising:

a data storage unit to store a plurality of weather
change patterns as a pattern of how weather
changes, and store a plurality of control plans
as a plan for controlling an operation of an air
conditioning equipment in accordance with the
plurality of weather change patterns, respective-
ly; and
a plan selection unit to
determine, at a time point midway through a time
zone where the operation of the air conditioning
equipment is controlled along one control plan
among the plurality of control plans stored in the
data storage unit, whether a weather change
pattern corresponding to the one control plan
deviates from an actual weather change pattern,
based on weather data indicating a time-series

weather observation result of up to the time
point; if deviates, select a weather change pat-
tern that is different from the weather change
pattern corresponding to the one control plan,
from among the plurality of weather change pat-
terns stored in the data storage unit, in accord-
ance with the weather data; and during a rest of
the time zone, control the operation of the air
conditioning equipment along a control plan cor-
responding to the different weather change pat-
tern, among the plurality of control plans.

2. The operation control device according to claim 1,
further comprising
a plan formulation unit to formulate the plurality of
control plans in accordance with a target value of
power consumption of the air conditioning equip-
ment in the time zone, and store the plurality of con-
trol plans to the data storage unit,
wherein the plan selection unit, when selecting the
different weather change pattern, specifies, from
among the plurality of control plans, a control plan
according to which a prediction value of power con-
sumption of the air conditioning equipment during
the rest of the time zone exceeds a difference be-
tween the target value and an actual value of power
consumption of the air conditioning equipment of up
to the time point, and excludes a weather change
pattern corresponding to the specified control plan
from candidates.

3. The operation control device according to claim 1,
wherein the plan selection unit, when selecting the
different weather change pattern, specifies, from
among the plurality of control plans, a control plan
according to which a prediction value of power con-
sumption of the air conditioning equipment during
the rest of the time zone exceeds an estimated value
of extra power generated during the rest of the time
zone by at least one of suspension of operation or
energy saving operation of a power consumption
equipment other than the air conditioning equipment,
power supply from a power generation equipment,
and power supply from power storage equipment,
and excludes a weather change pattern correspond-
ing to the specified control plan from candidates.

4. The operation control device according to any one
of claims 1 to 3, further comprising
a plan extraction unit to extract, from among the plu-
rality of weather change patterns, a weather change
pattern deviating from the actual weather change
pattern, based on a weather observation result of
before the time zone,
wherein the plan selection unit selects one weather
change pattern other than the weather change pat-
tern extracted by the plan extraction unit, from
among the plurality of weather change patterns
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stored in the data storage unit, and during the time
zone, controls the operation of the air conditioning
equipment along a control plan corresponding to the
one weather change pattern, among the plurality of
control plans.

5. The operation control device according to any one
of claims 1 to 4, further comprising
a plan modification unit to predict weather fluctua-
tions during the rest of the time zone, in cases where
every one of the plurality of weather change patterns
stored in the data storage unit deviates from the ac-
tual weather change pattern, based on the weather
data, calculate a new weather change pattern in ac-
cordance with a prediction result, and modify an ar-
bitrary control plan among the plurality of control
plans in accordance with the calculated weather
change pattern,
wherein during the rest of the time zone, the plan
selection unit controls the operation of the air condi-
tioning equipment along the control plan modified by
the plan modification unit.

6. The operation control device according to any one
of claims 1 to 5,
wherein the data storage unit further stores a plurality
of subject change patterns as a pattern of how a
subject different from the weather changes to serve
as a factor that changes a heat load of the air con-
ditioning equipment, and stores the plurality of con-
trol plans as a plan for controlling the operation of
the air conditioning equipment in accordance with
respective combinations of the plurality of weather
change patterns and the plurality of subject change
patterns, and
wherein at the time point, if the subject change pat-
tern corresponding the one control plan deviates
from the actual subject change pattern, then in the
rest of the time zone, the plan selection unit controls
the operation of the air conditioning equipment along
a control plan corresponding to a subject change pat-
tern that is different from the subject change pattern
corresponding to the one control plan, among the
plurality of control plans.

7. An air conditioning system comprising:

the operation control device according to any
one of claims 1 to 6; and
the air conditioning equipment whose operation
is controlled by the operation control device.

8. An operation control method in which a computer,
comprising a data storage unit to store a plurality of
weather change patterns as a pattern of how weather
changes, and store a plurality of control plans as a
plan for controlling an operation of an air conditioning
equipment in accordance with the plurality of weath-

er patterns, respectively, determines, at a time point
midway through a time zone where the operation of
the air conditioning equipment is controlled along
one control plan among the plurality of control plans
stored in the data storage unit, whether a weather
change pattern corresponding to the one control plan
deviates from an actual weather change pattern,
based on weather data indicating a time-series
weather observation result of up to the time point; if
deviates, selects a weather change pattern that is
different from the weather change pattern corre-
sponding to the one control plan, from among the
plurality of weather change patterns stored in the
data storage unit, in accordance with the weather
data; and during a rest of the time zone, controls the
operation of the air conditioning equipment along a
control plan corresponding to the different weather
change pattern, among the plurality of control plans.

9. An operation control program which causes a com-
puter, comprising a data storage unit to store a plu-
rality of weather change patterns as a pattern of how
weather changes, and store a plurality of control
plans as a plan for controlling an operation of an air
conditioning equipment in accordance with the plu-
rality of weather patterns, respectively,
to execute a process of: determining, at a time point
midway through a time zone where the operation of
the air conditioning equipment is controlled along
one control plan among the plurality of control plans
stored in the data storage unit, whether a weather
change pattern corresponding to the one control plan
deviates from an actual weather change pattern,
based on weather data indicating a time-series
weather observation result of up to the time point; if
deviates, selecting a weather change pattern that is
different from the weather change pattern corre-
sponding to the one control plan, from among the
plurality of weather change patterns stored in the
data storage unit, in accordance with the weather
data; and during a rest of the time zone, controlling
the operation of the air conditioning equipment along
a control plan corresponding to the different weather
change pattern, among the plurality of control plans.
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