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Description
Technical Field

[0001] The present disclosure relates to an air condi-
tioner control device, an air conditioner, an air condition-
ing method, and an air conditioning program.

Background Art

[0002] In an air conditioner, temperature and humidity
are controlled in order to make an indoor environment
comfortable. PTL 1 discloses that a ventilation device is
controlled according to a carbon dioxide concentration
in an indoor environment in order to take air outside a
building into a room.

Citation List
Patent Literature

[0003] [PTL 1] Japanese Patent No. 6415720

Summary of Invention
Technical Problem

[0004] However,inacase where only temperature and
humidity are considered in the comfort of the room, the
comfort may not be sufficient.

[0005] In PTL 1, since the purpose is ventilation, the
ventilation control is performed in consideration of only
the carbon dioxide concentration. Thus, itis not possible
to comprehensively evaluate the comfort of the room in
consideration of the temperature and the humidity.
[0006] The present disclosure has been made in view
of such circumstances, and an object of the present dis-
closure is to provide an air conditioner control device, an
air conditioner, an air conditioning method, and an air
conditioning program capable of more effectively evalu-
ating comfort.

Solution to Problem

[0007] A first aspect of the present disclosure is an air
conditioner control device including an acquisition unit
that acquires temperature information, humidity informa-
tion, and carbon dioxide concentration information in a
room to be air-conditioned, and an evaluation unit that
evaluates comfort of a user in the room based on the
temperature information, the humidity information, and
the concentration information.

[0008] With the configuration as described above,
based on the temperature information, the humidity in-
formation, and the carbon dioxide concentration informa-
tion acquired as the environment information of the room
to be air-conditioned, it is possible to more effectively
evaluate the comfort in consideration of not only the tem-
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perature and the humidity but also the carbon dioxide
concentration in the room.

[0009] In the air conditioner control device, the evalu-
ation unit may evaluate the comfort based on a comfort
range of temperature and humidity set in advance ac-
cording to a carbon dioxide concentration.

[0010] With the configuration as described above,
since the comfort range of the temperature and the hu-
midity is set in advance according to the carbon dioxide
concentration, it is possible to evaluate the comfort in
consideration of a relationship between the carbon diox-
ide concentration, the temperature, and the humidity.
Thatis, itis possible to more effectively evaluate the com-
fort.

[0011] The air conditioner control device may further
include a notification unit that notifies the user of an eval-
uation result of the comfort.

[0012] Withthe configuration as described above, from
the comfort evaluation result in consideration of the car-
bon dioxide concentration, the user can recognize the
indoor environment (visualization of air pollution degree).
For example, in a case where the user is notified that the
comfortis poor, the user can improve the indoor environ-
ment by ventilating the room.

[0013] The air conditioner control device may further
include a control unit that controls at least one control
target of an air conditioning air volume, a target temper-
ature, or a target humidity in the room based on an eval-
uation result of the comfort.

[0014] With the configuration as described above,
since a state of the comfortin the room can be recognized
as the evaluation result, it is possible to perform control
of improving the comfort. In a case where the air condi-
tioning air volume is controlled, since the carbon dioxide
stagnant in the room (for example, around the user) can
be agitated, it is possible to suppress a local increase in
the carbon dioxide concentration in the room. In a case
where the target temperature or the target humidity is
controlled, for example, with lowering of the target tem-
perature and the target humidity, it is possible to reduce
the discomfort of the user.

[0015] The air conditioner control device may further
include a prediction unit that predicts an increase in a
carbon dioxide concentration based on the number of
users in the room, and the evaluation unit may use a
result of the prediction instead of the concentration infor-
mation to evaluate the comfort after a lapse of a prede-
termined time based on the temperature information, the
humidity information, and the prediction result.

[0016] With the configuration as described above, it is
possible to evaluate the comfort of the room after the
lapse of the predetermined time with the prediction of the
increase in the carbon dioxide concentration based on
the number of users in the room. Therefore, it is possible
to know in advance whether or not there is a risk that the
carbon dioxide concentration increases after the lapse
of the predetermined time, and the comfort is impaired.
[0017] In the air conditioner control device, the notifi-
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cation unit may notify the user of outdoor environment
information.

[0018] With the configuration as described above, the
user is notified of the outdoor environment information,
and thus the user can more efficiently determine whether
or not to ventilate the room.

[0019] Inthe air conditioner control device, the outdoor
environment information may include at least one of out-
side temperature information, pollen information, or fine
particle substance information.

[0020] With the configuration as described above, the
outdoor environment information includes at least one of
the outside temperature information, the pollen informa-
tion, or the fine particle substance information, and thus
the user can more efficiently determine whether or not
to ventilate the room.

[0021] A second aspect of the present disclosure is an
air conditioner including a refrigerant circuit and the air
conditioner control device.

[0022] A third aspect of the present disclosure is an air
conditioning method including an acquisition step of ac-
quiring temperature information, humidity information,
and carbon dioxide concentration information in a room
to be air-conditioned, and an evaluation step of evaluat-
ing comfort of a user in the room based on the temper-
ature information, the humidity information, and the con-
centration information.

[0023] A fourth aspect of the present disclosure is an
air conditioning program that causes a computer to ex-
ecute an acquisition process of acquiring temperature
information, humidity information, and carbon dioxide
concentration information in a room to be air-conditioned,
and an evaluation process of evaluating comfort of a user
in the room based on the temperature information, the
humidity information, and the concentration information.

Advantageous Effects of Invention

[0024] According to the present disclosure, the effect
of more effectively evaluating the comfort is achieved.

Brief Description of Drawings
[0025]

Fig. 1 is a diagram showing a schematic configura-
tion of an air conditioner according to an embodiment
of the present disclosure.

Fig. 2 is a diagram showing a refrigerant circuit of
the air conditioner according to an embodiment of
the present disclosure.

Fig. 3 is a diagram showing an appearance of an
indoor unit of the air conditioner according to an em-
bodiment of the present disclosure.

Fig. 4is afunctional block diagram showing functions
included in a control device in the air conditioner ac-
cording to an embodiment of the present disclosure.
Fig. 5 is a graph showing an example of reference
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information included in the control device according
to an embodiment of the present disclosure.

Fig. 6 is a graph showing an example of the reference
information included in the control device according
to an embodiment of the present disclosure.

Fig. 7 is a graph showing an example of comfort im-
provement control in the control device according to
an embodiment of the present disclosure.

Fig. 8 is a graph showing an example of the comfort
improvement control in the control device according
to an embodiment of the present disclosure.

Fig. 9is a graph showing an example of the comfort
improvement control in the control device according
to an embodiment of the present disclosure.

Fig. 10 is a graph showing an example of the comfort
improvement control in the control device according
to an embodiment of the present disclosure.

Fig. 11isadiagram showing a flowchart of processes
in the control device according to an embodiment of
the present disclosure.

Description of Embodiments

[0026] Hereinafter, an embodiment of an air condition-
er control device, an air conditioner, an air conditioning
method, and an air conditioning program according to
the present disclosure will be described with reference
to drawings.

[0027] Fig. 1 is a diagram showing a schematic con-
figuration of an air conditioner 1 according to an embod-
iment of the present disclosure. As shown in Fig. 1, the
air conditioner 1 according to the present embodiment
includes an outdoor unit 3 and an indoor unit 11 as a
main configuration. In the presentembodiment, as shown
in Fig. 1, a case where one indoor unit 11 is connected
to one outdoor unit 3 will be described. However, the
number of indoor units 11 is not limited to the above con-
figuration.

[0028] The outdoorunit3isdisposed, forexample, out-
side in a facility, and performs heat exchange between
a refrigerant circulating in a refrigerant circuit described
below and outside air. The refrigerant for which the heat
exchange is performed in the outdoor unit 3 is supplied
to the indoor unit 11 through the refrigerant circuit.
[0029] The indoor unit 11 is disposed, for example, in
aroom (air conditioning target) of a facility, and performs
the heat exchange between the refrigerant circulating in
the refrigerant circuit described below and indoor air. The
refrigerant for which the heat exchange is performed in
the indoor unit 11 is supplied to the outdoor unit 3 through
the refrigerant circuit. The number of indoor units 11 con-
nected to one outdoor unit 3 can be changed as appro-
priate.

[0030] As shown in Fig. 1, a user of the indoor unit 11
can transmit an operation command to the indoor unit 11
by using a remote control 2. The remote control 2 is dis-
posed corresponding to the indoor unit 11. That is, the
user can control the air conditioner 1 by transmitting the
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command to the indoor unit 11 by using the remote con-
trol 2. For example, the user (person in room) can
start/stop, setan air conditioning air volume, a target tem-
perature, a target humidity, and the like by using the re-
mote control 2. The command may be transmitted to the
indoor unit 11 by an operation button or the like provided
on the indoor unit 11.

[0031] Fig. 3 is a diagram showing an appearance of
the indoor unit 11. The indoor unit 11 is provided with a
measurement unit (hereinafter referred to as "CO, sen-
sor") 15 that measures a carbon dioxide concentration,
a human sensor 18, and a display unit 16. The CO, sen-
sor 15is measurement equipmentthat measures the car-
bon dioxide concentration in the room to be air-condi-
tioned, and the human sensor 18 is adetector that detects
the presence or absence of a person (the number of peo-
ple) in the room to be air-conditioned. A detection result
in the CO, sensor 15 or the human sensor 18 is used in
a control device 20 described below. The indoor unit 11
is also provided with atemperature sensor and a humidity
sensor that detect an indoor temperature and humidity.
The display unit 16 is controlled by the control device 20
described below to display various types of information.
[0032] Next, the refrigerant circuitin the air conditioner
1 will be described with reference to drawings.

[0033] Fig. 2 shows a refrigerant circuit diagram of the
air conditioner 1 according to the present embodiment.
The air conditioner 1 includes the outdoor unit 3 and the
indoor unit 11. The refrigerant circuit shown in Fig. 2 is
an example and is not limited to a configuration shown
in Fig. 2 as long as the circuit is a refrigerant circuit.
[0034] The outdoor unit 3 includes an inverter-driven
compressor 13 that compresses the refrigerant, a muffler
(silencer) 12 that suppresses vibration noise generated
in the compressor 13, a four-way switching valve 17 that
switches a circulation direction of the refrigerant, an out-
door heat exchanger 19 that causes the refrigerant to
exchange heat with the outside air, a receiver 26 that
stores a liquid refrigerant, an expansion valve (EEV) 49,
a strainer 14 that removes dust (solid matter) contained
in the liquid refrigerant, an accumulator 31 that separates
a liquid component from a refrigerant gas sucked into the
compressor 13 and causes only the gas to be sucked
into the compressor 13, a gas-side operation valve 33,
and a liquid-side operation valve 35.

[0035] Each of the above parts on an outdoor unit 3
side is connected as known via refrigerant pipes such as
a discharge pipe 37A, a gas pipe 37B, a liquid pipe 37C,
and a suction pipe 37E, and constitutes an outdoor-side
refrigerant circuit 39.

[0036] The outdoor unit 3 is provided with an outdoor
fan 41 that blows the outside air to the outdoor heat ex-
changer 19.

[0037] A gas-side pipe 5 and a liquid-side pipe 7 are
refrigerant pipes provided with the gas-side operation
valve 33 and the liquid-side operation valve 35 of the
outdoor unit 3 and are connected to the indoor unit 11.
Accordingly, one sealed refrigerating cycle 45 is config-

10

15

20

25

30

35

40

45

50

55

ured.

[0038] The indoor unit 11 includes an indoor heat ex-
changer 47 that causes the refrigerant to exchange heat
with the indoor air to provide indoor air conditioning and
an indoor fan 51 that circulates the indoor air through the
indoor heat exchanger 47.

[0039] In the air conditioner 1, a cooling operation is
performed as follows.

[0040] The high-temperature and high-pressure refrig-
erant gas compressed by the compressor 13 is dis-
charged to the discharge pipe 37A to be supplied to the
four-way switching valve 17 via the muffler 12.

[0041] Thereatfter, the refrigerant gas is circulated to a
gas pipe 37B side by the four-way switching valve 17 and
exchanges heat with the outside air blown by the outdoor
fan 41 in the outdoor heat exchanger 19 to be liquefied.
[0042] The liquid refrigerantis temporarily stored in the
receiver 26 via the liquid pipe 37C.

[0043] The liquid refrigerant whose circulation amount
has been adjusted by the receiver 26 is adiabatically ex-
panded by the expansion valve 49 via the liquid-side pipe
7.

[0044] Theliquid refrigerantis led out from the outdoor
unit 3 via the strainer 14 and the liquid-side operation
valve 35 to be supplied to the indoor unit 11.

[0045] The liquid refrigerant flows into the indoor heat
exchanger 47 in the indoor unit 11. In the indoor heat
exchanger 47, with the heat exchange between the in-
door air circulated by the indoor fan 51 and the refrigerant,
the indoor air is cooled and used for indoor cooling. On
the other hand, the refrigerant is gasified, reaches the
four-way switching valve 17 via the gas-side pipe 5 and
the gas-side operation valve 33, and is introduced into
the accumulator 31 via the suction pipe 37E.

[0046] In the accumulator 31, the liquid component
contained in the refrigerant gas is separated, and only
the gas component is sucked into the compressor 13.
[0047] Thisrefrigerantis compressed againinthe com-
pressor 13, and the cooling operation is performed by
repeating the above cycle.

[0048] On the other hand, a heating operation is per-
formed as follows.

[0049] The high-temperature and high-pressure refrig-
erant gas compressed by the compressor 13 is dis-
charged to the discharge pipe 37A, supplied to the four-
way switching valve 17 via the muffler 12, and then cir-
culated to a gas-side pipe 5 side by the four-way switch-
ing valve 17.

[0050] This refrigerant is led out from the outdoor unit
3 via the gas-side operation valve 33 to be introduced
into the indoor unit 11.

[0051] With the heat exchange between the high-tem-
perature and high-pressure refrigerant gas introduced in-
to the indoor unit 11 and the indoor air circulated via the
indoor fan 51 in the indoor heat exchanger 47, the indoor
air is heated and used for indoor heating.

[0052] The liquid refrigerant condensed in the indoor
heat exchanger 47 is returned to the outdoor unit 3.
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[0053] The refrigerant that has returned to the outdoor
unit 3 flows into the receiver 26 via the liquid-side oper-
ation valve 35, the strainer 14, and the expansion valve
49 and is temporarily stored to adjust the circulation
amount.

[0054] Theliquid refrigerant flows into the outdoor heat
exchanger 19 via the liquid pipe 37C.

[0055] Inthe outdoor heat exchanger 19, with the heat
exchange between the outside air blown from the outdoor
fan 41 and the refrigerant, the refrigerant absorbs heat
fromthe outside airand is converted into evaporative gas.
[0056] This refrigerant is introduced from the outdoor
heat exchanger 19 to the accumulator 31 via the gas pipe
37B, the four-way switching valve 17, and the suction
pipe 37E. In the accumulator 31, the liquid component
contained in the refrigerant gas is separated, and only
the gas componentis sucked into the compressor 13 and
is compressed again in the compressor 13. The heating
operation is performed by repeating the above cycle.
[0057] Next,the controlaccording to the air conditioner
1 will be described with reference to drawings.

[0058] The control device 20 controls the air condition-
er 1. The control device 20 evaluates comfortin the room
to be air-conditioned. Based on the comfort evaluation
result, comfort improvement control is performed.
[0059] The control device 20 is configured with, for ex-
ample, a central processing unit (CPU) (not shown), a
memory such as a random access memory (RAM), a
computer-readable recording medium, and the like. A se-
ries of processing processes for realizing various func-
tions which will be described below is recorded on a re-
cording medium or the like in a form of a program, and
this program is read out by the CPU on the RAM or the
like to execute processing and operation processes of
the information, thereby realizing various functions which
will be described below. The program may adopt a form
in which the program is installed in advance in the ROM
or another storage medium, a form in which the program
is provided in a stored state in a computer-readable stor-
age medium, or a form in which the program is delivered
via wired or wireless communication means. The com-
puter-readable storage medium is a magnetic disk, a
magneto-optical disk, a CD-ROM, a DVD-ROM, a sem-
iconductor memory, or the like.

[0060] Fig. 4 is a functional block diagram showing
functions of the control device 20 in the air conditioner
1. As shown in Fig. 4, the control device 20 includes an
acquisition unit 21, an evaluation unit 22, a notification
unit 23, a control unit 24, and a prediction unit 25.
[0061] Theacquisition unit21 acquires temperature in-
formation, humidity information, and carbon dioxide con-
centration information in the room to be air-conditioned.
Specifically, the acquisition unit 21 acquires the detection
result of the temperature, the humidity, and the carbon
dioxide concentration as indoor environment information
from the temperature sensor, the humidity sensor, and
the CO, sensor 15 provided in the indoor unit 11. Infor-
mation may be acquired as the temperature information,
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the humidity information, and the carbon dioxide concen-
tration information as long as the information is informa-
tion from which the temperature, humidity, and carbon
dioxide concentration can be indirectly estimated, with-
out directly acquiring the temperature information, the
humidity information, and the carbon dioxide concentra-
tion information. In the following description, since values
are directly acquired from respective sensors, it is as-
sumed that the temperature is used as the temperature
information, the humidity is used as the humidity infor-
mation, and the carbon dioxide concentration is used as
the carbon dioxide concentration information.

[0062] As described above, the acquisition unit 21 ac-
quires the current indoor environment information. The
acquired information is output to the evaluation unit 22.
[0063] The evaluation unit 22 evaluates the comfort of
the user in the room based on the temperature informa-
tion (temperature), the humidity information (humidity),
and the concentration information (carbon dioxide con-
centration). Specifically, the evaluation unit 22 evaluates
the comfort based on a comfort range of temperature and
humidity set in advance according to the carbon dioxide
concentration. That is, it is possible to more effectively
evaluate the comfort in consideration of the temperature,
the humidity, and the carbon dioxide concentration.
[0064] The evaluation unit 22 has information (refer-
ence information) indicating the comfort range in which
the temperature, the humidity, and the carbon dioxide
concentration are associated with each other. The infor-
mation may not be stored in the evaluation unit 22 and
may be acquired from another information processing
device by downloading or the like. Fig. 5 shows an ex-
ample of the reference information (graph) included in
the evaluation unit 22. As shown in Fig. 5, a range in
which the comfort of the user is assumed to be ensured
is set for the temperature and the humidity (relative hu-
midity) in the reference information. That is, the comfort
is ensured in a temperature range from T1 to T2 for the
temperature, and the comfort is ensured in a humidity
range from H1 to H2 for the humidity. That is, as for the
temperature and the humidity, a range surrounded by T1
to T2 and H1 to H2 is the comfort range. As an example,
T1is 17°C, T2 is 28°C, H1 is 40%, and H2 is 700. The
comfort range of the temperature and the humidity may
be, for example, set based on an indoor air environment
standard in the Building Management Law or may be
randomly set as the range of the temperature and the
humidity where the comfort is ensured.

[0065] A boundary line (contour line) indicating a
boundary of a range of the temperature and the humidity
that may cause the user to feel uncomfortable with the
carbon dioxide concentration is shown in the reference
information. Fig. 5 shows a boundary line L1, a boundary
line L2, and a boundary line L3 are shown. The carbon
dioxide concentration corresponding to the boundary line
L1 is the highest, the concentration corresponding to the
boundary line L2 is the second highest, and the concen-
tration corresponding to the boundary line L3 is the low-
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est. As an example, the carbon dioxide concentration
corresponding to the boundary line L1 is 1500 ppm, the
carbon dioxide concentration corresponding to the
boundary line L2 is 1000 ppm, and the carbon dioxide
concentration corresponding to the boundary line L3 is
400 ppm.

[0066] Each boundary line indicates that the comfort
is ensured as long as a corresponding carbon dioxide
concentration is in a temperature and humidity region
lower than the boundary line (that is, a region on the lower
leftside of the boundary line in Fig. 5 is the comfortrange).
The user tends to feel that the air quality is good when
the temperature and the humidity are appropriately low
for the carbon dioxide concentration. Therefore, the high-
er the carbon dioxide concentration, the more the bound-
ary line is set in a region where the temperature and the
humidity are low.

[0067] Thatis, in consideration of the temperature, the
humidity, and the carbon dioxide concentration, the in-
door environment is evaluated as comfortable when the
indoor environment is within a range (comfort range)
where the comfort range in the temperature and humidity
(range surrounded by T1 to T2 and H1 to H2) overlaps
with the comfort range in the carbon dioxide concentra-
tion (temperature and humidity region lower than the
boundary line corresponding to the carbon dioxide con-
centration), and the indoor environment is evaluated as
uncomfortable when the indoor environment is outside
the range (comfort range).

[0068] Specifically, in the current indoor environment,
in a case where the carbon dioxide concentration corre-
sponds to the boundary line L1, a region of R1 in Fig. 5
is the comfort range. For example, in a case where the
carbon dioxide concentration corresponds to the bound-
ary line L1, the temperature is t1, and the humidity is h1,
the indoor environment is within the comfort range and
is evaluated as comfortable. On the other hand, in a case
where the carbon dioxide concentration corresponds to
the boundary line L1, the temperature is t2, and the hu-
midity is h2, the indoor environment is not within the com-
fort range and is evaluated as uncomfortable.

[0069] Asdescribed above, with the setting of the com-
fort range based on the relationship between the tem-
perature, the humidity, and the carbon dioxide concen-
tration, itis possible to more efficiently evaluate the com-
fort in consideration of the three factors of the tempera-
ture, the humidity, and the carbon dioxide concentration.
[0070] Fig. 5is an example of the reference informa-
tion, and the reference information can be appropriately
set based on the relationship between the temperature,
the humidity, and the carbon dioxide concentration. For
example, in a case where a shape of the boundary line
is an arc, the arc is maximum for the humidity at T1, and
the arc is maximum for the temperature at H1, each
boundary line for the carbon dioxide concentration is a
1/4 arc (thatis, the boundary line set for the comfort range
of the temperature and the humidity has a 1/4 arc shape).
[0071] In a case where the comfort range of the tem-
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perature and the humidity is defined only by a maximum
value, the reference information has, for example, a
shape as shown in Fig. 6.

[0072] As described above, the reference information
is not limited to the graph shape of Fig. 5 or Fig. 6 as long
as the comfort range is shown in which the temperature,
the humidity, and the carbon dioxide concentration are
associated with each other. The reference information is
not limited to the graph as long as the comfort range is
shown and may be indicated in another format such as
an evaluation formula.

[0073] The evaluation method is not limited to the eval-
uation of comfort or discomfort for the boundary line. A
region including the boundary line (for example, region
surrounded by parallel lines having a certain distance on
both sides of the line with respect to the boundary line)
may be set, and the evaluation may be made in stages
in which a degree of discomfort is high when the temper-
ature and the humidity are on an outer side in a direction
where the temperature and humidity are higher than the
region, the degree of discomfort is low when the temper-
ature and the humidity are on an inner side therein, and
the evaluation is made as comfortable when the temper-
ature and the humidity are on an outer side in a direction
where the temperature and humidity are lower than the
region.

[0074] The notification unit 23 notifies the user of the
comfort evaluation result. Specifically, the notification
unit 23 causes the display unit 16 of the indoor unit 11
to display the comfort evaluation result and performs the
notification to the user. The notification unit 23 may cause
the remote control 2 to perform the display or may cause
a mobile terminal (for example, smartphone) of the user
to perform the display. In a case where the display on
the mobile terminal of the user is performed, a commu-
nication network (public notification network) such as Wi-
Fi may be used. The notification method by the natifica-
tion unit 23 is not limited to the visual method on the
display unit 16, and any method that is recognizable by
the user (for example, auditory method) can be em-
ployed.

[0075] The comfort evaluation result is displayed on
the display unit 16 to indicate the comfort or discomfort.
For example, the comfort is displayed as "blue", the dis-
comfort is displayed as "red". In a case where the eval-
uation is made in stages, on the display unit 16, "blue"
may be displayed in the case of comfort, "yellow" in the
case of low discomfort, and "red" in the case of high dis-
comfort. The display method is not limited to the above,
and any method that is recognizable by the user can be
employed. For example, a method of displaying the eval-
uation result in stages, a method of displaying the eval-
uation result in terms of points, or the like can be em-
ployed.

[0076] The notification unit 23 notifies the user of out-
door environment information. The outdoor environment
information includes at least one of outside temperature
information, pollen information, or fine particle substance
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(PM2.5) information. Depending on the display of the
comfort evaluation, the user may consider ventilation.
However, hot air from the outside air, pollen, or the like
may enter the room due to the ventilation and the comfort
may be degraded. Therefore, with notification to the user
of the outside temperature information or pollen informa-
tion and the fine particle substance information as the
outdoor environment information, it is possible to more
efficiently determine whether or not the user performs
the ventilation according to the comfort evaluation. The
method of notifying the outdoor environment information
may be displayed on the indoor unit 11 or the remote
control 2 or may be displayed on the mobile terminal (for
example, smartphone) of the user.

[0077] The control unit 24 controls at least one control
target of the air conditioning air volume, the target tem-
perature, or the target humidity in the room, based on
the comfort evaluation result. Specifically, in a case
where the evaluation unit 22 evaluates that the comfort
is poor (uncomfortable), the control unit 24 performs the
comfort improvement control to improve the indoor envi-
ronment. In the present embodiment, a case where the
control targets are the air conditioning air volume, the
target temperature, and the target humidity will be de-
scribed. However, the comfort improvement control may
be performed with at least one of the control targets as
the control target.

[0078] First, a case where the control target is the air
conditioning air volume will be described.

[0079] In the room to be air-conditioned, the carbon
dioxide concentration may be partially (locally) increased
in the space. In particular, in a case where the carbon
dioxide concentration is high in a region around the user,
the user tends to feel uncomfortable. For this reason, in
a case where the comfort evaluation result is determined
to be uncomfortable, the control unit 24 increases the air
conditioning air volume to promote the flow of air in the
room and agitates the carbon dioxide to suppress the
partial increase in the carbon dioxide concentration. Re-
garding the air conditioning air volume, for example, a
rotation speed of the indoor fan 51 is increased to in-
crease an air volume blown into the room.

[0080] As described above, with the increase in the air
conditioning air volume, for example, as shown in Fig. 7,
the boundary line L1 corresponding to the carbon dioxide
concentration can be moved to a low concentration side
(L1’). Thus, it is possible to improve the comfort even in
a case where the indoor environment (temperature and
humidity) is at a point P1.

[0081] Inacase where the air conditioner 1 has a ven-
tilation function (function of discharging inside air to the
outside and taking the outside air into the room), the ven-
tilation function may be used to reduce the carbon dioxide
concentration in the room and thus the comfort may be
improved as in Fig. 7.

[0082] Next, a case where the control target is the tar-
get temperature will be described.

[0083] As shown in Fig. 5, with lowering of the temper-
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ature for the carbon dioxide concentration, the usertends
to feel the comfort. For this reason, in a case where the
comfort evaluation result is determined to be uncomfort-
able, the control unit 24 lowers the target temperature to
control such that the room temperature is lowered. In the
air conditioner 1, the control is performed to follow the
set target temperature.

[0084] Specifically, as shown in Fig. 8, in a case where
the indoor environment (temperature and humidity) is at
a point P2 and the carbon dioxide concentration corre-
sponds to the boundary line L1, the user may feel un-
comfortable. For this reason, the control unit 24 lowers
the target temperature to change the indoor environment
to a point P2'. Since the point P2’ is within the comfort
range, the comfort of the user is improved.

[0085] In the case where the target temperature is
changed, the target temperature may be lowered by a
fixed value set in advance, or the target temperature may
be lowered such that the indoor environment is within the
comfort range based on the reference information.
[0086] Next, a case where the control target is the tar-
get humidity will be described.

[0087] Asshownin Fig.5, with lowering of the humidity
for the carbon dioxide concentration, the user tends to
feel the comfort. For this reason, in a case where the
comfort evaluation result is determined to be uncomfort-
able, the control unit 24 lowers the target humidity to con-
trol such that the indoor humidity is lowered. In the air
conditioner 1, the control is performed to follow the set
target humidity.

[0088] Specifically, as shown in Fig. 9, in a case where
the indoor environment (temperature and humidity) is at
a point P3 and the carbon dioxide concentration corre-
sponds to the boundary line L1, the user may feel un-
comfortable. For this reason, the control unit 24 lowers
the target humidity to change the indoor environment to
apointP3’. Since the point P3’ is within the comfortrange,
the comfort of the user is improved.

[0089] In acase where the target humidity is changed,
the target humidity may be lowered by a fixed value set
in advance, or the target humidity may be lowered such
that the indoor environment is within the comfort range
based on the reference information.

[0090] Itis also effective to control both the target tem-
perature and the target humidity. Specifically, as shown
in Fig. 10, in a case where the indoor environment (tem-
perature and humidity) is at a point P4 and the carbon
dioxide concentration corresponds to the boundary line
L1, the user may feel uncomfortable. For this reason, the
control unit 24 lowers the target temperature and the tar-
get humidity to change the indoor environment to a point
P4’. Since the point P4’ is within the comfort range, the
comfort of the user is improved.

[0091] The air conditioning air volume, the target tem-
perature, and the target humidity may be controlled at
the same time.

[0092] As described above, the control unit 24 im-
proves the comfortin the room by performing the comfort
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improvement control with at least one control target of
the air conditioning air volume, the target temperature,
or the target humidity.

[0093] The prediction unit 25 predicts an increase in
the carbon dioxide concentration based on the number
of users in the room. As the number of people in the room
increases, the carbon dioxide concentration in the room
increases significantly, which tends to cause deteriora-
tion in the indoor environment (comfort tends to be de-
graded). For this reason, the prediction unit 25 predicts
the increase in the carbon dioxide concentration to sup-
press the degradation in comfort.

[0094] Specifically, the prediction unit 25 acquires the
number of people in the room based on the information
of the human sensor 18. A future increase in the carbon
dioxide concentration (increasing tendency) is estimated
based on the acquired number of people. For example,
an amount of increase in the carbon dioxide concentra-
tion per hour is estimated according to the number of
people to set a future increasing tendency.

[0095] The estimation of the increase in the carbon di-
oxide concentration may be made in consideration of a
volume of the room to be air-conditioned.

[0096] The prediction unit 25 estimates the carbon di-
oxide concentration after a lapse of a predetermined time
and outputs the carbon dioxide concentration to the eval-
uation unit 22. The predetermined time can be randomly
set, and is, for example, one hour later. The evaluation
unit 22 evaluates the comfort after the lapse of the pre-
determined time based on the temperature information,
the humidity information, and the prediction result (car-
bon dioxide concentration after the lapse of the prede-
termined time). That is, the evaluation unit 22 evaluates
the comfort after the lapse of the predetermined time by
using the prediction result of the prediction unit 25 instead
of the carbon dioxide concentration information acquired
from the CO, sensor 15. The comfort evaluation method
is the same as described above.

[0097] With the estimation of the carbon dioxide con-
centration after the lapse of the predetermined time in
the prediction unit 25, the evaluation unit 22 can evaluate
the comfort after the lapse of the predetermined time.
With the use of the evaluation result in the notification
unit 23 and the control unit 24, the user is notified of the
comfort after the lapse of the predetermined time, and
the comfort improvement control is performed based on
the comfort after the lapse of the predetermined time.
[0098] Therefore, it is possible to evaluate in advance
whether or not there is arisk that the carbon dioxide con-
centration increases after the lapse of the predetermined
time and the comfort is impaired and to take measures.
[0099] Next, processes in the control device 20 will be
described with reference to Fig. 11. A flow shown in Fig.
11 is repeatedly executed at a predetermined control cy-
cle in a case where the air conditioner 1 is started.
[0100] First, the temperature information, the humidity
information, and the carbon dioxide concentration infor-
mation are acquired (S101).
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[0101] Next, the comfort is evaluated based on the ac-
quired temperature information, humidity information,
and carbon dioxide concentration information (S102).

[0102] Next, the user is notified of the evaluation result
(S103).
[0103] Next, determination is made whether or not the

comfort evaluation is good (S104). Thatis, determination
is made whether or not the comfort evaluation result is
comfortable.

[0104] In a case where the comfort evaluation is good
(YES determination in S104), the process ends.

[0105] When the comfort evaluation is not good (NO
determination in S104), the comfort improvement control
is performed (S105). The comfort improvement control
is a control of improving comfort by controlling at least
one control target of the air conditioning air volume, the
target temperature, or the target humidity in the room.
[0106] The order of the process of S103 and the proc-
esses of S104 and S105 may be changed, or one of the
processes may be performed.

[0107] As described above, with the air conditioner
control device, the air conditioner, the air conditioning
method, and the air conditioning program according to
the present embodiment, it is possible to more effectively
evaluate the comfort in consideration of not only the tem-
perature and the humidity but also the carbon dioxide
concentration in the room, based on the temperature in-
formation, the humidity information, and the carbon di-
oxide concentration information acquired as the environ-
ment information of the room to be air-conditioned.
[0108] Since the comfort range of the temperature and
the humidity is set in advance according to the carbon
dioxide concentration, it is possible to evaluate the com-
fort in consideration of the relationship between the car-
bon dioxide concentration, the temperature, and the hu-
midity.

[0109] With the comfort evaluation result in consider-
ation of the carbon dioxide concentration, the user can
recognize the indoor environment (visualization of air pol-
lution degree). For example, in a case where the user is
notified that the comfort is poor, the user can improve
the indoor environment by ventilating the room.

[0110] Since a state of the comfort in the room can be
recognized as the evaluation result, it is possible to per-
form the comfort improvement control. Specifically, in a
case where the air conditioning air volume is controlled,
the carbon dioxide stagnant in the room (for example,
around the user) can be agitated. Therefore, itis possible
to suppress the local increase in the carbon dioxide con-
centration in the room. Further, in a case where the target
temperature or the target humidity is controlled, for ex-
ample, with the lowering of the target temperature or the
target humidity, it is possible to reduce the discomfort of
the user.

[0111] With the prediction of the increase in the carbon
dioxide concentration based on the number of users in
the room, it is possible to evaluate the comfort of the
room after the lapse of the predetermined time. There-
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fore, it is possible to know in advance whether or not
there is a risk that the carbon dioxide concentration in-
creases after the lapse of the predetermined time, and
the comfort is impaired.

[0112] The present disclosure is not limited to only the
embodiments described above, and various modifica-
tions can be made within a scope which does not depart
from the gist of the invention.

Reference Signs List
[0113]

1: Air conditioner

2: Remote control

3: Outdoor unit

5: Gas-side pipe

7: Liquid-side pipe

11: Indoor unit

12: Muffler

13: Compressor

14: Strainer

15: CO, sensor

16: Display unit

17: Four-way switching valve
18: Human sensor

19: Outdoor heat exchanger
20: Control device

21: Acquisition unit

22: Evaluation unit

23: Notification unit

24: Control unit

25: Prediction unit

26: Receiver

31: Accumulator

33: Gas-side operation valve
35: Liquid-side operation valve
37A: Discharge pipe

37B: Gas pipe

37C: Liquid pipe

37E: Suction pipe

39: Outdoor-side refrigerant circuit
41: Outdoor fan

45: Refrigerating cycle

47: Indoor heat exchanger
49: Expansion valve

51: Indoor fan

Claims
1. An air conditioner control device comprising:

an acquisition unit that acquires temperature in-
formation, humidity information, and carbon di-
oxide concentration information in a room to be
air-conditioned; and

an evaluation unit that evaluates comfort of a
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10

user in the room based on the temperature in-
formation, the humidity information, and the con-
centration information.

The air conditioner control device according to Claim
1,

wherein the evaluation unit evaluates the comfort
based on a comfort range of temperature and hu-
midity set in advance according to a carbon dioxide
concentration.

The air conditioner control device according to Claim
1 or 2, further comprising:
a notification unit that notifies the user of an evalu-
ation result of the comfort.

The air conditioner control device according to any
one of Claims 1 to 3, further comprising:

a control unit that controls at least one control target
of an air conditioning air volume, a target tempera-
ture, or a target humidity in the room based on an
evaluation result of the comfort.

The air conditioner control device according to any
one of Claims 1 to 4, further comprising:

a prediction unit that predicts an increase in a
carbon dioxide concentration based on the
number of users in the room,

wherein the evaluation unit uses a result of the
prediction instead of the concentration informa-
tion to evaluate the comfort after a lapse of a
predetermined time.

The air conditioner control device according to Claim
3,

wherein the notification unit notifies the user of out-
door environment information.

The air conditioner control device according to Claim
6,

wherein the outdoor environment information in-
cludes at least one of outside temperature informa-
tion, pollen information, or fine particle substance
information.

An air conditioner comprising:

a refrigerant circuit; and
the air conditioner control device according to
any one of Claims 1 to 7.

An air conditioning method comprising:

an acquisition step of acquiring temperature in-
formation, humidity information, and carbon di-
oxide concentration information in a room to be
air-conditioned; and
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an evaluation step of evaluating comfort of a us-
er in the room based on the temperature infor-
mation, the humidity information, and the con-

centration information.

10. An air conditioning program that causes a computer
to execute:

an acquisition process of acquiring temperature
information, humidity information, and carbon 10
dioxide concentration information in a room to

be air-conditioned; and

an evaluation process of evaluating comfort of

a user in the room based on the temperature
information, the humidity information, and the 15
concentration information.
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