EP 4 471 344 A1

B @y EP 4471344 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(19) Européisches
Patentamt
0’ European

(43) Date of publication: (51) International Patent Classification (IPC):
04.12.2024 Bulletin 2024/49 F24F 11/46 (2018.01) F24F 11/54 (2018.01)
F24F 11/63 (2018.01

(21) Application number: 22923732.6
(52) Cooperative Patent Classification (CPC):
(22) Date of filing: 25.01.2022 F24F 11/46; F24F 11/54; F24F 11/63

(86) International application number:
PCT/JP2022/002552

(87) International publication number:
WO 2023/144863 (03.08.2023 Gazette 2023/31)

(84) Designated Contracting States: (71) Applicant: MITSUBISHI ELECTRIC
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB CORPORATION
GRHRHUIEISITLILT LU LV MC MK MT NL NO Chiyoda-ku
PL PT RO RS SE SI SK SM TR Tokyo 100-8310 (JP)

Designated Extension States:
BA ME (72) Inventor: HAMADA, Mamoru
Designated Validation States: Tokyo 100-8310 (JP)
KH MA MD TN
(74) Representative: Studio Torta S.p.A.
Via Viotti, 9
10121 Torino (IT)

(54) CONTROL DEVICE, CONTROL METHOD, AND AIR CONDITIONING SYSTEM

(57) A control device (10) refers to power fluctuation control device (10) changes the setting temperature of
information in which change in a power consumption each of the plurality of indoor units (4A through 4F) by the
relative to change in a setting temperature is defined relaxation amount specified. In this manner, it is possible
for each indoor unit, and specifies a relaxation amount to realize power saving by the target power-saving
of the setting temperature at which the total power con- amount or more without excessively deteriorating com-
sumption of a plurality of indoor units (4A through 4F) is fortableness of a user in a part of a space.

reduced by a target power-saving amount or more. The

Fig. 1
1
Pl
A CONTROL
N P DEVICE
> L4y L3y e
~ i i = e =
i Y s R et I
2 3B 5
=y | 4B L odf 7
" e
R — pf C F|5J

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 471 344 A1 2

Description
Technical Field

[0001] The present disclosure relates to a power-sav-
ing technique of an air conditioning system.

Background Art

[0002] In terms of an air conditioning system, electric
power is saved by changing a setting temperature.
[0003] Patent Literature 1 describes saving electric
power in the following manner. A model to calculate a
power consumption of an air conditioning unit is created
based on the mean value of outside air temperatures and
the mean value of room temperatures. By using this
model, it is decided whether the load is high. When the
load is high, the setting temperature is changed.

Citation List
Patent Literature

[0004] Patent Literature 1: JP 2007-120889 A

Summary of Invention
Technical Problem

[0005] In Patent Literature 1, for each air conditioning
unit, whether the load is high is decided, and when the
load is high, the setting temperature is changed. There-
fore, when looking at a building as a whole, for example,
the setting temperature may be excessively changed,
and the comfortableness of users may be deteriorated
beyond necessity.

[0006] The present disclosure is aimed at making it
possible to realize power saving by the target power-
saving amount or more while restraining deterioration of
comfortableness of a user beyond necessity.

Solution to Problem

[0007] A control device according to the present dis-
closure is a control device to perform control of an air
conditioning system including a plurality of indoor units,
the control device including

a relaxation amount specification unit to refer to
power fluctuation information in which change in a
power consumption relative to change in a tempera-
ture difference between an inside and an outside of a
room is defined for each of the plurality of indoor
units, and to specify a relaxation amount of a setting
temperature at which a total power consumption
related to the plurality of indoor units is reduced by
a target power-saving amount or more, and

a setting change unit to change the setting tempera-
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ture of each of the plurality of indoor units by the
relaxation amount specified by the relaxation
amount specification unit.

Advantageous Effects of Invention

[0008] Inthe presentdisclosure, arelaxation amount of
a setting temperature is specified from the total power
consumption related to a plurality of indoor units and a
target power-saving amount. In this manner, the setting
temperature is changed as necessary with respect to the
target power-saving amount. Therefore, it is possible to
realize power saving by the target power-saving amount
or more while restraining deterioration of comfortable-
ness of a user beyond necessity.

Brief Description of Drawings
[0009]

Fig. 1is a configuration diagram of an air conditioning
system 1 according to a first embodiment;

Fig. 2 is a configuration diagram of a control device
10 according to the first embodiment;

Fig. 3 is a flowchart of a preliminary process accord-
ing to the first embodiment;

Fig. 4 is an explanatory drawing of a learning process
according to the first embodiment;

Fig. 5 is an explanatory drawing of a distribution
process according to the first embodiment;

Fig. 6 is a flowchart of a power-saving control pro-
cess according to the first embodiment;

Fig. 7 is an explanatory drawing of the power-saving
control process according to the first embodiment;
Fig. 8 is a configuration diagram of a control device
10 according to a second embodiment;

Fig. 9 is an explanatory drawing of a display control
unit 26 according to the second embodiment;

Fig. 10 is a configuration diagram of an air condition-
ing system 1 according to a third embodiment;

Fig. 11 is a configuration diagram of a control device
10 according to the third embodiment;

Fig. 12 is an explanatory drawing of an airflow gen-
eration unit 27 according to the third embodiment;
Fig. 13 is a configuration diagram of a control device
10 according to a fourth embodiment; and

Fig. 14 is a flowchart of a power-saving control
process according to the fourth embodiment.

Description of Embodiments
[0010] First Embodiment

***Description of Configuration***

[0011] Descriptionwillbe made on a configuration ofan

air conditioning system 1 according to a first embodiment
with reference to Fig. 1.
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[0012] The air conditioning system 1 includes one or
more air conditioning units 2 and a control device 10. The
air conditioning unit 2 is configured by connecting one
outdoor unit 3 and one or more indoor units 4 with a
refrigerant pipe 5. The air conditioning system 1 includes
a plurality of indoor units 4 as a whole irrespective of the
number of the air conditioning units 2 and the number of
the indoor units 4 included in the air conditioning units 2.
[0013] InFig. 1, the air conditioning system 1 includes
two air conditioning units 2 of an air conditioning unit 2A
and an air conditioning unit 2B. The air conditioning unit
2Aincludes an outdoor unit 3A, and three indoor units 4 of
an indoor unit 4A through an indoor unit 4C. The air
conditioning unit 2B includes an outdoor unit 3B, and
three indoor units 4 of an indoor unit4D through an indoor
unit 4F. Hereinafter, the configuration of Fig. 1 will be
described as an example.

[0014] The control device 10 is connected to each
outdoor unit 3 and each indoor unit 4 by a network 6.
The control device 10 is capable of obtaining information
from each outdoor unit 3 and each indoor unit 4 via the
network 6. Further, the control device 10 is capable of
transmitting control signals to each outdoor unit 3 and
each indoor unit 4 via the network 6.

[0015] A temperature sensor 7 is provided in each
outdoor unit 3 and each indoor unit 4. In this manner, it
is possible to detect an outdoor air temperature where
each outdoor unit 3 is installed, and an indoor tempera-
ture where each indoor unit 4 is installed.

[0016] Description will be made on a configuration of
the control device 10 according to First Embodiment with
reference to Fig. 2.

[0017] The control device 10 is a computer.

[0018] The control device 10 includes hardware com-
ponents of a processor 11, a memory unit 12, a storage
unit 13 and a communication interface 14. The processor
11 is connected to the other hardware components via a
signal line, and controls these other hardware compo-
nents.

[0019] The processor 11 is an IC to perform proces-
sing. IC is an abbreviation for Integrated Circuit. The
processor 11 is, for example, a CPU, a DSP or a GPU.
CPU is an abbreviation for Central Processing Unit. DSP
is an abbreviation for Digital Signal Processor. GPU is an
abbreviation for Graphics Processing Unit.

[0020] The memory unit 12 is a storage device to
temporarily store data. The memory unit 12 is, for exam-
ple, an SRAM or a DRAM. SRAM is an abbreviation for
Static Random Access Memory. DRAM is an abbrevia-
tion for Dynamic Random Access Memory.

[0021] The storage unit 13 is a storage device to store
data. The storage unit 13 is, forexample, an HDD. HDD is
an abbreviation for Hard Disk Drive. Further, the storage
unit 13 may be a portable recording medium such as an
SD (registered trademark) memory card, a Compact-
Flash (registered trademark), a NAND Flash memory,
a flexible disk, an optical disk, a compact disk, a Blue-ray
(registered trademark) disk, a DVD or the like. SD is an
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abbreviation for Secure Digital. DVD is an abbreviation
for Digital Versatile Disk.

[0022] The communication interface 14 is an interface
to communicate with an external device. The commu-
nication interface 14 is, for example, a port of an Ethernet
(registered trademark), a USB or an HDMI (registered
trademark). USB is an abbreviation for Universal Serial
Bus. HDMI is an abbreviation for High-Definition Multi-
media Interface.

[0023] The control device 10 is connected to each
outdoor unit 3 and each indoor unit 4 by the network 6
via the communication interface 14.

[0024] The control device 10 includes a power con-
sumption measurement unit 21, a learning unit 22, a
setting unit 23, a relaxation amount specification unit
24 and a setting change unit 25, as functional compo-
nents. The functions of each functional component of the
control device 10 are realized by software.

[0025] The storage unit 13 stores programs to realize
the functions of each functional component of the control
device 10. These programs are read into the memory unit
12 by the processor 11, and executed by the processor
11. In this manner, the functions of each functional com-
ponent of the control device 10 are realized.

[0026] In Fig. 1, only one processor 11 is illustrated.
However, there may be a plurality of the processors 11,
and the plurality of processors 11 may execute the pro-
grams to realize each function in cooperation.

*kk

***Description of Operation

[0027] Description will be made on the operation of the
control device 10 according to First Embodiment with
reference to Fig. 3 through Fig. 7.

[0028] The operation procedure of the control device
10 according to First Embodiment corresponds to a
control method of the air conditioning system 1 according
to First Embodiment. Further, the programs to realize the
operation of the control device 10 according to First
Embodiment correspond to a control program of the air
conditioning system 1 according to First Embodiment.
[0029] The operation of the control device 10 includes
a preliminary process and a power-saving control pro-
cess.

[0030] The preliminary process is a process to specify
change in power consumption relative to change in tem-
perature difference between the inside and the outside of
a room for each indoor unit, and to generate power
fluctuation information. The power-saving control pro-
cess is a process to refer to the power fluctuation infor-
mation, specifies a relaxation amount of a setting tem-
perature required for each indoor unit, and to save elec-
tric power.

[0031] Description will be made on the preliminary
process according to First Embodiment with reference
to Fig. 3.
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(Step S11: Power Consumption Measurement Process)

[0032] The power consumption measurement unit 21
measures power consumption of each air conditioning
unit 2 during operation of the air conditioning system 1. In
this case, the power consumption measurement unit 21
measures the temperature of the outside of the room
where the outdoor unit 3 is installed by the temperature
sensor 7 provided in the outdoor unit 3. Further, the power
consumption measurement unit 21 measures the tem-
perature of the inside of the room where the indoor unit 4
is installed by the temperature sensor 7 provided in the
indoor unit4. The power consumption measurement unit
21 writes a power consumption, an outdoor temperature
and an indoor temperature measured at the same timing
as a set in the memory unit 12.

[0033] The power consumption measurement unit 21
proceeds with the procedure to Step S12 when measure-
ment for a fixed period of time is finished.

(Step S12: Learning Process)

[0034] The learning unit 22 sets each air conditioning
unit2 as atargetair conditioning unit2. Then, the learning
unit 22 specifies a relation between the change in tem-
perature difference between the inside and the outside of
a room, and the change in power consumption of the
target air conditioning unit 2.

[0035] Specifically, the learning unit 22 reads a plurality
of sets of the power consumption, the outdoor tempera-
ture and the indoor temperature measured in Step S11
with respect to the target air conditioning unit 2 from the
memory unit 12. Then, as illustrated in Fig. 4, the learning
unit 22 specifies the relation between the change in
temperature difference between the inside and the out-
side of the room, and the change in power consumption of
the target air conditioning unit 2 from the power consump-
tion, and the temperature difference between the outdoor
temperature and the indoor temperature in each set, with
respect to the target air conditioning unit 2.

[0036] For example, the learning unit 22 specifies a
formula representing the relation between the change in
temperature difference and the change in power con-
sumption of the target air conditioning unit 2 using a least-
squares method. The method is not limited to this, and the
relation between the change in temperature difference
and the change in power consumption of the target air
conditioning unit 2 may be specified by machine learning
using a neural network, or the like.

(Step S13: Distribution Process)

[0037] The learning unit 22 sets each air conditioning
unit 2 as the target air conditioning unit 2. Then, the
learning unit 22 distributes the power consumption of
the target air conditioning unit 2 to each indoor unit 4
included in the target air conditioning unit 2. In this
manner, the relation between the change in temperature

10

15

20

25

30

35

40

45

50

55

difference and the change in power consumption of the
target air conditioning unit 2 specified in Step S12 is
converted into a relation between the change in tempera-
ture difference and the change in power consumption
related to each indoor unit 4, as illustrated in Fig. 5.
[0038] In this case, the learning unit 22 distributes the
power consumption by weighting the power consumption
with capacities of the indoor units 4. Specifically, the
learning unit 22 distributes the power consumption of
the target air conditioning unit 2 to each indoor unit 4
includedin the targetair conditioning unit2, by Formula 1.
In Formula 1, anindoor unitj is any indoor unit 4 included
in the target air conditioning unit 2.

(Formula 1)

[0039] power consumption Win_j of Indoor unit j =
(capacity of indoor unit j / sum of capacities of all indoor
units 4 included in target air conditioning unit 2) X power
consumption Wout_i of target air conditioning unit 2
[0040] The power consumption distributed to each in-
door unit 4 is a power consumption related to the indoor
unit 4. That is, the power consumption related to the
indoor unit 4 includes not only the electric power con-
sumed by the indoor unit 4, but also the electric power
consumed by the outdoor unit 3 related to the indoor unit
4.

(Step S14: Power Fluctuation Information Generation
Process)

[0041] The learning unit 22 sets each indoor unit 4
included in each air conditioning unit 2 as the target
indoor unit 4. As illustrated in Fig. 5, the learning unit
22 specifies an amount of change in power consumption
when the temperature difference changes by a unit quan-
tity (for example, 1K (Kelvin)) with respect to the target
indoor unit 4 from the relation between the change in
temperature difference and the change in power con-
sumption related to each indoor unit 4 obtained in Step
S13.

[0042] The learning unit 22 writes the amount of
change in power consumption specified with respect to
each indoor unit 4 as the power fluctuation information in
the memory unit 12. That is, the power fluctuation infor-
mation is information to indicate the amount of change in
power consumption relative to the amount of change in
temperature difference for each indoor unit 4.

[0043] Descriptionis made herein by assumingthatthe
amountof change in power consumption atthe time when
the temperature difference has changed by the unit
quantity is constant. However, technically, even if the
amounts of change in temperature difference are the
same, the amount of change in power consumption
varies depending on from what degree to what degree
the temperature difference has changed. It is because
there is an influence of operating efficiency of the air
conditioning unit 2, or the like. Therefore, the learning
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unit 22 may specify the amount of change in power
consumption atthe time when the temperature difference
has changed by the unit quantity for each temperature.
[0044] Description will be made on a power-saving
control process according to First Embodiment with re-
ference to Fig. 6.

(Step S21: Setting Process)

[0045] The setting unit 23 sets a target power-saving
amount, and a relaxation allowable amount with respect
to each indoor unit 4. The target power-saving amount is
a target value of the power-saving amount. The relaxa-
tion allowable amount is an upper limit to moderate the
setting temperature. To moderate the setting tempera-
ture is to raise the setting temperature when the air
conditioning system 1 performs cooling operation. In
addition, to moderate the setting temperature is to lower
the setting temperature when the air conditioning system
1 performs heating operation.

[0046] Specifically, the setting unit 23 accepts input of
the target power-saving amount, and the relaxation al-
lowable amount with respect to each indoor unit4, from a
manager of the air conditioning system 1. The setting unit
23 writes the target power-saving amount and the relaxa-
tion allowable amount accepted in the memory unit 12.
The relaxation allowable amount with respect to an in-
door unit j being the indoor unit 4 is denoted as AdTlim_j.
[0047] The relaxation allowable amountis set depend-
ing on a use state of an area where the indoor unit 4 is
installed, or the like. For example, a large value is set to
the relaxation allowable amount for an indoor unit 4
installed in an area which is not used so often. Further,
a small value is set to the relaxation allowable amount for
an indoor unit 4 installed in an area used by a customer.
Setting a large value to the relaxation allowable amount
means that the setting temperature may be largely mod-
erated. That is, there is a possibility that the degree of
discomfort becomes high.

(Step S22: First Relaxation Amount Specification Pro-
cess)

[0048] The relaxation amount specification unit 24 re-
fers to the power fluctuation information, and specifies a
relaxation amount of a setting temperature at which the
total power consumption related to a plurality of indoor
units 4 included in the air conditioning system 1 is de-
creased by the target power-saving amount or more. The
relaxation amount of the setting temperature is an
amount to moderate the setting temperature. That is,
the relaxation amount is an amount to raise the setting
temperature when the air conditioning system 1 performs
cooling operation. The relaxation amount is an amount to
lower the setting temperature when the air conditioning
system 1 performs heating operation. The relaxation
amount for an indoor unit j being the indoor unit 4 is
denoted as AdT_j.
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[0049] Specifically, the relaxation amount specification
unit 24 sets the same relaxation amount for all the indoor
units 4. In this case, the relaxation amount specification
unit 24 specifies a smallest relaxation amount at which
the total power consumption is decreased by the target
power-saving amount or more. For example, when the air
conditioning system 1 performs cooling operation, the
total power consumption is assumed to be decreased by
the target power-saving amount or more, by raising the
setting temperature by 2 degrees or more. In this case,
the relaxation amount of the setting temperature is spe-
cified to be 2 degrees.

[0050] Inthis case, the indoor temperature is assumed
to reach the setting temperature. Therefore, with respect
to each indoor unit 4, an amount of change in power
consumption related to the indoor unit 4 in a case where
the setting temperature is changed by 1K is an amount of
change in power consumption related to the indoor unit 4
in a case where a temperature difference is changed by
1K indicated by the power fluctuation information.

(Step S23: Allowable Amount Decision Process)

[0051] The relaxation amount specification unit 24 de-
cides whether an excess indoor unit being an indoor unit
whereof the relaxation amount exceeds the relaxation
allowable amount exists.

[0052] Specifically, the relaxation amount specification
unit 24 sets each indoor unit 4 included in the air con-
ditioning system 1 as the targetindoor unit4. Then, when
the target indoor unit 4 is an indoor unit j, whether the
indoor unit j is an excess indoor unit with AdT_j>AdTlim_j
is decided. In this manner, the relaxation amount speci-
fication unit 24 decides whether an excess indoor unit
exists.

[0053] When the excess indoor unit exists, the relaxa-
tion amount specification unit 24 proceeds with the pro-
cess to Step S24. Meanwhile, when the excess indoor
unit does not exist, the relaxation amount specification
unit 24 proceeds with the process to Step S26.

(Step S24: Upper Limit Setting Process)

[0054] Therelaxation amount specification unit 24 sets
each of one or more excess indoor units as a target
excess indoor unit. The relaxation amount specification
unit 24 sets a relaxation allowable amount with respect to
the target excess indoor unit as a relaxation amount of the
target excess indoor unit. Thatis, when the target excess
indoor unit is an indoor unit j, the relaxation amount
specification unit 24 sets AdTlim_j to AdT_j.

(Step S25: Second Relaxation Amount Specification
Process)

[0055] The relaxation amount specification unit 24
specifies the relaxation amount again with respect to
the remaining non-excess indoor unit other than the
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excess indoor unit.

[0056] By setting the relaxation allowable amount with
respect to the excess indoor unit as a relaxation amount,
an entire power-saving amount of the plurality of indoor
units 4 included in the air conditioning system 1 is de-
creased. Then, the relaxation amount specification unit
24 specifies again a relaxation amount at which the total
power consumption related to the plurality of indoor units
4 is reduced by the target power-saving amount or more
when the relaxation allowable amount is set as the re-
laxation amount with respect to the excess indoor unit.
Then, the process is returned to Step S23.

Specifically as follows.

[0057] First, therelaxation amount specification unit24
sets, as a remaining power-saving amount, a value ob-
tained by subtracting a total reduction amount of a power
consumption related to the excess indoor unit in a case
where the relaxation allowable amount with respectto the
excess indoor unit is set as the relaxation amount, from
the target power-saving amount. That is, the relaxation
amount specification unit 24 sets each of one or more
excess indoor units as the target excess indoor unit. The
relaxation amount specification unit 24 refers to the
power fluctuation information, and specifies a power
consumption to be reduced in a case where the relaxation
allowable amount is set as the relaxation amount with
respect to the target excess indoor unit. The relaxation
amount specification unit 24 sums up the reduced power
consumption specified for each of one or more excess
indoor units, to obtain a power-saving amount of the
excess indoor units. Then, the relaxation amount speci-
fication unit 24 sets a value obtained by subtracting the
power-saving amount of the excess indoor units from the
target power-saving amount as the remaining power-
saving amount.

[0058] Next, the relaxation amount specification unit
24 refers to the power fluctuation information, and spe-
cifies a relaxation amount with respect to the non-excess
indoor units at which a total power consumption related to
the non-excess indoor units is reduced by the remaining
power-saving amount or more.

[0059] Specifically, the relaxation amount specification
unit 24 sets the same relaxation amount to all the non-
excess indoor units. In this case, the relaxation amount
specification unit 24 specifies a smallest relaxation
amount at which the total power consumption related
to the non-excess indoor units is reduced by the remain-
ing power-saving amount or more.

(Step S26: Setting Change Process)

[0060] The setting change unit 25 changes a setting
temperature with respect to each of the plurality of indoor
units 4 included in the air conditioning system 1 by the
relaxation amount.

[0061] Specifically, the setting change unit 25 sets
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each of the plurality of indoor units 4 included in the air
conditioning system 1 as the target indoor unit 4. The
setting change unit 25 transmits an instruction to change
the setting temperature of the target indoor unit 4 by the
relaxation amount with respect to the target indoor unit 4
to the target indoor unit 4 via the network 6. When the air
conditioning system 1 performs cooling operation, the
setting change unit 25 raises the setting temperature by
the relaxation amount. Meanwhile, when the air condi-
tioning system 1 performs heating operation, the setting
change unit 25 lowers the setting temperature by the
relaxation amount.

[0062] That is, the setting temperature is changed as
follows. The target indoor unit 4 is assumed to be an
indoor unit j. An original setting temperature is assumed
to be Tset_j. The setting temperature to save electric
power is assumed to be Tmset_j. Then, during cooling
operation, Tmset_j = Tset_j + AdT_j. During heating
operation, Tmset_j = Tset_j - AdT_j.

[0063] Then, each of the plurality of indoor units 4
operates in accordance with the setting temperature
changed by the setting change unit 25.

[0064] Asdescribed above, the relaxation amountspe-
cification unit 24 temporarily specifies the relaxation
amount of each indoor unit 4 regardless of the relaxation
allowable amount. Then, the relaxation amount specifi-
cation unit 24 adjusts the relaxation amount with respect
to each of the plurality of indoor units 4 so that the
relaxation allowable amount determined for each indoor
unit 4 does not exceed the relaxation amount.

[0065] For example, as illustrated in Fig. 7, it is as-
sumed that a relaxation allowable amount is determined
for each indoor unit 4. First, the relaxation amount spe-
cification unit 24 temporarily specifies the relaxation
amount of each indoor unit 4 as 2K regardless of the
relaxation allowable amount. 2K exceeds 1K being a
relaxation allowable amount of an indoor unit 4A. There-
fore, as for the indoor unit 4A, 1K being the relaxation
allowable amount is set as the relaxation amount. Then,
the relaxation amounts of the remaining indoor units 4B
through 4F are changed from 2K to 3K, so that the target
power-saving amount can be attained as a whole.
[0066] There may be a case where it is impossible to
attain power saving not less than the target power-saving
amount even by setting the relaxation allowable amount
as the relaxation amount with respect to all the indoor
units 4. In this case, the relaxation amount specification
unit 24 may evenly increase the relaxation allowable
amount of each indoor unit 4 by a fixed amount. On that
basis, the relaxation amount specification unit 24 may
repeat the process from Step S22 again.

***Effect of First Embodiment***

[0067] As described above, the control device 10 ac-
cording to First Embodiment specifies the relaxation
amount of the setting temperature from the total power
consumption related to the plurality of indoor units 4 and
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the targe power-saving amount. In this manner, the set-
ting temperature is changed as much as necessary for
the target power-saving amount. Therefore, it is possible
to save electric power by the target power-saving amount
or more while restraining deterioration of comfortable-
ness of a user beyond necessity.

[0068] Further, the control device 10 according to First
Embodiment sets the relaxation allowable amount for
each indoor unit 4. In this manner, an upper limit of
discomfort degree during a power-saving time is set for
each indoor unit 4. Therefore, when there is an area in
whichitis undesirable to cause a sense of discomfort fora
user, itis possible to make the setting of the area so as to
suppress the degree of discomfort.

*kk

***Qther Configurations
<First Variation>

[0069] In First Embodiment, the relaxation amount
specification unit 24 specifies the same relaxation
amount for each indoor unit 4 in Step S22 of Fig. 6.
Similarly, the relaxation amount specification unit 24
specifies the same relaxation amount for each non-ex-
cess indoor unit in Step S25 of Fig. 6.

[0070] However, the relaxation amount specification
unit 24 may specify the relaxation amount in accordance
with the indoor unit 4 (or non-excess indoor unit) based
on arule determined beforehand. For example, it may be
possible to set a weight for each indoor unit 4, and to
specify the relaxation amount in accordance with the
weight. That is, the relaxation amount specification unit
24 may specify the relaxation amounts in such a manner
that the heavier the weight for the indoor unit 4 is, the
larger the relaxation amount is.

<Second Variation>

[0071] In First Embodiment, each functional compo-
nent is realized by software. However, as Second Varia-
tion, each functional component may be realized by
hardware components. Description will be made for Sec-
ond Variation on points different from those in First Em-
bodiment.

[0072] When each functional component is realized by
hardware components, the control device 10 includes an
electronic circuit instead of the processor 11, the memory
unit 12 and the storage unit 13. The electronic circuitis a
dedicated circuit to realize each functional component,
and the functions of the memory unit 12 and the storage
unit 13.

[0073] As the electronic circuit, a single circuit, a com-
posite circuit, a processor made into a program, a pro-
cessor made into a parallel program, alogic IC, a GA, an
ASIC or an FPGA is supposed. GA is an abbreviation for
"Gate Array". ASIC is an abbreviation for "Application
Specific Integrated Circuit". FPGA is an abbreviation for
"Field Programmable Gate Array".
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[0074] Each functional component may be realized by
one electronic circuit, or may be realized by a plurality of
electronic circuits dispersedly.

<Third Variation>

[0075] As Third Variation, a part of each functional
component may be realized by hardware components,
and another part of each functional component may be
realized by software.

[0076] The processor 11, the memory unit 12, the
storage unit 13 and electronic circuits are called proces-
sing circuitry. That is, the functions of each functional
component are realized by processing circuitry.

Second Embodiment

[0077] Second Embodiment is different from First Em-
bodiment in that a setting temperature after changed is
notified. In Second Embodiment, description will be
made on this different part, and description on the same
parts will be omitted.

***Description of Configuration***

[0078] Description will be made on a configuration of
the control device 10 according to Second Embodiment
with reference to Fig. 8.

[0079] The control device 10 is different from the con-
trol device 10 illustrated in Fig. 2 in that it includes a
display control unit 26 as a functional component. The
function of the display control unit 26 is realized by soft-
ware or hardware components.

*kk

***Description of Operation

[0080] Description will be made on a power-saving
control process according to Second Embodiment with
reference to Fig. 6.

[0081] The process from Step S21 through Step S25is
the same as that in First Embodiment.

(Step S26: Setting Change Process)

[0082] The setting change unit 25 changes a setting
temperature for each of the plurality of indoor units 4
included in the air conditioning system 1 by a relaxation
amount, as in First Embodiment. Then, as illustrated in
Fig. 9, the display control unit 26 displays the setting
temperature after changed. For example, the display
control unit 26 displays a setting temperature on adisplay
device installed inside or near a room where any of the
indoor units 4 is installed. Further, the display control unit
26 may display the setting temperature on a smartphone,
a tablet terminal or the like of a user.

[0083] In this case, the display control unit 26 may
show a display to guide an area whereof the relaxation
amount is small. For example, when it is possible to
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specify a room where a user is present, the display
control unit 26 may guide a room whereof the relaxation
amount is smaller than that of the room where the user is
present.

***Effect of Second Embodiment***

[0084] As described above, the control device 10 ac-
cording to Second Embodiment notifies of the setting
temperature after changed. In this manner, it is possible
for the user to recognize that the room temperature will be
changed. Therefore, it is possible for the user to take
measures to relieve the sense of discomfort, such as to
move to another area, and so on.

Third Embodiment

[0085] Third Embodiment is different from First and
Second Embodiments in that an airflow is generated
during cooling operation. In third Embodiment, descrip-
tion will be made on this different point, and description on
the same points will be omitted.

[0086] In Third Embodiment, description will be made
on a case where a change is made to First Embodiment.
However, it is possible to make a change to Second
Embodiment.

***Description of Configuration***

[0087] Description will made on a configuration of the
air conditioning system 1 according to Third Embodiment
with reference to Fig. 10.

[0088] The air conditioning system 1 is different from
the air conditioning system 1 illustrated in Fig. 1 in that it
includes an airflow generation device 8 to generate an
airflow for a space where each of the plurality of indoor
units 4 is installed. The airflow generation device 8 is an
electric fan or the like.

[0089] Description will be made on a configuration of
the control device 10 according to Third Embodiment with
reference to Fig. 11.

[0090] The control device 10 is different from the con-
trol device 10 illustrated in Fig. 2 in that it includes an
airflow generation unit 27 as a functional component. The
function of the airflow generation unit 27 is realized by
software or a hardware component.

*kk

***Description of Operation

[0091] Description will be made on a power-saving
control process according to Third Embodiment with
reference to Fig. 6.

[0092] The process from Step S21 through Step S25is
the same as that in First Embodiment.

(Step S26: Setting Change Process)

[0093] The setting change unit 25 changes a setting
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temperature with respect to each of the plurality of indoor
units 4 included in the air conditioning system 1 by a
relaxation amount, as in First Embodiment. During cool-
ing operation, the airflow generation unit 27 activates the
airflow generation devices 8, and generates airflows in
areas where the indoor units 4 are installed. In this case, it
may be possible for the airflow generation unit 27 to make
airflows be generated only in areas where indoor units 4
whereof the relaxation amounts are larger than a stan-
dard are installed, as illustrated in Fig. 12. Otherwise, itis
possible for the airflow generation unit 27 to make air-
flows be generated in such a manner that the larger the
relaxation amount is, the stronger the airflow is.

***Effect of Third Embodiment***

[0094] As described above, the control device 10 ac-
cording to Third Embodiment generates an airflow when
the setting temperature is changed during cooling opera-
tion. In this manner, it is possible to relieve the sense of
discomfort due to change in the setting temperature.

Fourth Embodiment

[0095] Fourth Embodiment is different from First
through Third Embodiments in that a relaxation amount
is changed depending on whether a person is present. In
Fourth Embodiment, description will be made on this
different point, and description on the same points will
be omitted.

[0096] InFourth Embodiment, description willbe made
on a case where a change is made to First Embodiment.
However, it is possible to make a change to Second and
Third Embodiments.

***Description of Configuration***

[0097] Description will be made on a configuration of
the control device 10 according to Fourth Embodiment
with reference to Fig. 13.

[0098] The control device 10 is different from the con-
trol device 10 illustrated in Fig. 2 in that it includes a
person decision unit 28 as a functional configuration. The
function of the person decision unit 28 is realized by
software or a hardware component.

***Description of Operation***

[0099] Description will be made on a power-saving
control process according to Fourth Embodiment with
reference to Fig. 14.

(Step S31: Setting Process)

[0100] The setting unit 23 sets a target power-saving
amount, and a relaxation allowable amount and an ab-
sence allowable amount with respect to each indoor unit
4. The absence allowable amount is a relaxation amount
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adopted when there is no person in an area where an
indoor unit 4 is installed. As the absence allowable
amount, a value larger than the relaxation allowable
amount is set.

[0101] Specifically, the setting unit 23 accepts input of
the target power-saving amount, and the relaxation al-
lowable amount and the absence allowable amount with
respect to each indoor unit 4, from the manager of the air
conditioning system 1. The setting unit 23 writes the
target power-saving amount, the relaxation allowable
amount and the absence allowable amount accepted
in the memory unit 12. An absence allowable amount
of an indoor unit j being the indoor unit 4 is denoted as
AdTIlim2_j.

(Step S32: Person Decision Process)

[0102] The person decision unit 28 decides whether a
person is present in an area where each indoor unit 4 is
installed.

[0103] Specifically, the person decision unit 28 detects
a person existing in the area by using a camera, an
infrared sensor or the like provided in the area. When
aperson is detected, the person decision unit 28 decides
that the person is present. Otherwise, when a person is
not detected, the person decision unit 28 decides that no
one is present. The means to detect a person may be
arbitrary.

(Step S33: Absence Allowable Amount Setting Process)

[0104] The relaxation amount specification unit 24 sets
an indoor unit 4 installed in an absence space where it is
decided thatno one is presentin Step S32 as an absence
indoor unit. As for the absence indoor unit, the relaxation
amount specification unit 24 sets an absence allowable
amount determined for the absence indoor unit as a
relaxation amount.

(Step S34: First Relaxation Amount Specification Pro-
cess)

[0105] The relaxation amount specification unit 24 sets
a remaining indoor unit 4 other than the absence indoor
unit as a presence indoor unit. As for the presence indoor
unit, the relaxation amount specification unit 24 specifies
a relaxation amount of the setting temperature at which
the total power consumption related to the plurality of
indoor units 4 is decreased by the target power-saving
amount or more when the absence allowable amount is
set as the relaxation amount with respect to the absence
indoor unit.

Specifically as follows.
[0106] First, the relaxation amount specification unit 24

sets a value obtained by subtracting a total reduction
amount of a power consumption related to an absence
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indoor unit in a case where the absence allowable
amount is set as a relaxation amount with respect to
the absence indoor unit, from the target power-saving
amount, as a remaining power-saving amount. That is,
the relaxation amount specification unit 24 sets each of
one or more absence indoor units as the target absence
indoor unit. The relaxation amount specification unit 24
refers to the power fluctuation information, and specifies
a power consumption reduced in a case where an ab-
sence allowable amount is set as a relaxation amount
with respect to the target absence indoor unit. The re-
laxation amount specification unit 24 sums up the re-
duced power consumptions specified for each of one or
more absence indoor units, to obtain a power-saving
amount of the absence indoor units. Then, the relaxation
amount specification unit 24 sets a value obtained by
subtracting the power-saving amount of the absence
indoor units from the target power-saving amount as
the remaining power-saving amount.

[0107] Then, the relaxation amount specification unit
24 refers to the power fluctuation information, and spe-
cifies a relaxation amount with respect to an absence
indoor unit at which a total power consumption related to
the absence indoor unit is reduced by the remaining
power-saving amount or more.

[0108] Specifically, the relaxation amount specification
unit 24 sets the same relaxation amounts for all the
absence indoor units. In this case, the relaxation amount
specification unit 24 specifies a smallest relaxation
amount at which the total power consumption related
to the absence indoor units is reduced by the target
power-saving amount or more.

[0109] The process from Step S35 through Step 38 is
the same as the process from Step S23 through Step S26
in Fig. 6.

***Effect of Fourth Embodiment***

[0110] As described above, the control device 10 ac-
cording to Fourth Embodiment changes the relaxation
amountdepending on whether a person s present. In this
manner, itis possible to increase the relaxation amount of
an area where no one is present, and to decrease the
relaxation amount of an area where a person is present
instead. As a result, it is possible to restrain deterioration
of comfortableness of a user.

[0111] "Unit" in the description above may be replaced
with replaced with "circuit", "step", "procedure", "pro-
cess" or "processing circuitry".

[0112] In the above, description has been made on
embodiments and variations of the present disclosure.
Some of these embodiments and variations may be
combined and performed. Otherwise, any or some
may be partially performed. The present disclosure is
not limited to the embodiments and the variations de-
scribed above, and various modifications can be added
as needed.
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Reference Signs List

[0113] 1: air conditioning system; 2: air conditioning
unit; 3: outdoor unit; 4: indoor unit; 5: refrigerant pipe; 6:
network; 7: temperature sensor; 8: airflow generation
device; 10: control device; 11: processor; 12: memory
unit; 13: storage unit; 14: communication interface; 21:
power consumption measurement unit; 22: learning unit;
23: setting unit; 24: relaxation amount specification unit;
25: setting change unit; 26: display control unit; 27: air-
flow generation unit; 28: person decision unit

Claims

1. A control device to perform control of an air condi-
tioning system including a plurality of indoor units,
the control device comprising

a relaxation amount specification unit to refer to
power fluctuation information in which change in
a power consumption relative to change in a
temperature difference between an inside and
an outside of a room is defined for each of the
plurality of indoor units, and to specify a relaxa-
tion amount of a setting temperature at which a
total power consumption related to the plurality
of indoor units is reduced by a target power-
saving amount or more, and

a setting change unit to change the setting tem-
perature of each of the plurality of indoor units by
the relaxation amount specified by the relaxa-
tion amount specification unit.

2. The control device as defined in claim 1, wherein the
relaxation amount specification unit adjusts the re-
laxation amount with respect to each of the plurality
of indoor units so that the relaxation amount does not
exceed a relaxation allowable amount determined
for each of the plurality of indoor units.

3. The control device as defined in claim 2, wherein

the relaxation amount specification unit tem-
porarily specifies the relaxation amount regard-
less of the relaxation allowable amount, and

when an excess indoor unit being an indoor unit
whereof the relaxation amount specified ex-
ceeds the relaxation allowable amount exists,
adjusts the relaxation amount by setting, with
respect to the excess indoor unit, the relaxation
allowable amount regarding the excess indoor
unit as the relaxation amount, and by specifying
again, with respect to a remaining non-excess
indoor unit other than the excess indoor unit, the
relaxation amount at which the total power con-
sumption related to the plurality of indoor units is
reduced by the target power-saving amount or
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10

more in a case where the relaxation allowable
amount is set as the relaxation amount with
respect to the excess indoor unit.

The control device as defined in claim 3, wherein
the relaxation amount specification unit specifies
again the relaxation amount of the setting tempera-
ture with respect to the non-excess indoor unit, by
specifying the relaxation amount with respect to the
non-excess indoor unit at which a total power con-
sumption related to the non-excess indoor unit is
reduced by a remaining power-saving amount or
more, when a value obtained by subtracting, from
the target power-saving amount, a total reduction
amount of a power consumption related to the ex-
cess indoor unit in the case where the relaxation
allowable amount is set as the relaxation amount
with respect to the excess indoor unit is regarded as
the remaining power-saving amount.

The control device as defined in any one of claim 1
through claim 4, further comprising

a display control unit to display the setting tempera-
ture changed by the setting change unit.

The control device as defined in any one of claim 1
through claim 5, wherein the air conditioning system
includes an airflow generation device to generate an
airflow for a space in which each of the plurality of
indoor units is installed,

the control device further comprising

an airflow generation unit to control the airflow
generation device in accordance with the re-
laxation amount and generate an airflow.

The control device as defined in any one of claim 1
through claim 6, further comprising

a person decision unit to decide whether a per-
son is present in an area in which each of the
plurality of indoor units is installed, wherein
the relaxation amount specification unit

sets, with respect to an absence indoor unit
being an indoor unit installed in an absence
space in which no one is decided to present
by the person decision unit, an absence allow-
able amount determined for the absence indoor
unit among the absence allowable amount de-
termined for each of the plurality of indoor units,
as the relaxation amount, and

specifies, with respect to a remaining presence
indoor unit other than the absence indoor unit, a
relaxation amount of a setting temperature at
which the total power consumption related to the
plurality of indoor units is reduced by the target
power-saving amount or more in a case where
the absence allowable amount is set as the



19 EP 4 471 344 A1

relaxation amount with respect to the absence
indoor unit.

8. A control method of an air conditioning system in-
cluding a plurality of indoor units, the control method 5
comprising

referring to power fluctuation information in
which change in a power consumption relative

to change in a temperature difference between 70
an inside and an outside of a room is defined for
each of the plurality of indoor units, and specify-

ing a relaxation amount of a setting temperature

at which a total power consumption related to

the plurality of indoor units is reduced by atarget 15
power-saving amount or more, and

changing the setting temperature of each of the
plurality of indoor units by the relaxation amount.

9. An air conditioning system including a plurality of 20
indoor units and a control device, wherein

the control device includes

a relaxation amount specification unit to refer to
power fluctuation information inwhich changein 25
a power consumption relative to change in a
temperature difference between an inside and

an outside of a room is defined for each of the
plurality of indoor units, and to specify a relaxa-

tion amount of a setting temperature at whicha 30
total power consumption related to the plurality

of indoor units is reduced by a target power-
saving amount or more, and

a setting change unit to change the setting tem-
perature of each of the plurality ofindoor unitsby 35
the relaxation amount specified by the relaxa-

tion amount specification unit, and wherein

each of the plurality of indoor units operates in
accordance with the setting temperature chan-

ged by the setting change unit. 40

45

50

55
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