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which the high pressure is in a subcritical state is to be
performed; and a freezer control unit (45) that controls
the refrigerant circuit to be operated in either the super-
critical operation or the critical operation on the basis of
decision of the operation mode decision unit (44).
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a control de-
vice, an exhaust heat recovery freezer system, a control
method, and a program. Priority is claimed on Japanese
Patent Application No. 2022-040662, filed March 15,
2022, the content of which is incorporated herein by ref-
erence and to which the person of the art can refer to
when considering the present disclosure.

Description of Related Art

[0002] Patent Document 1 discloses control in which
heat discharged from a freezer using a CO, refrigerant
when a show case in a store is cooled using the freezer
is utilized for hot water or heating. Specifically, Patent
Document 1 discloses control in which a part of a refrig-
erant emitted by a compressor is supplied to a radiator
unit and utilized for heating and water which has been
heat-exchanged in a condenser is utilized as hot water.
In addition, Patent Document 2 discloses an air condi-
tioner using a CO, refrigerant with a freezing cycle in
which a high pressure is in a supercritical state when a
cooling operation is performed in normal environmental
conditions and the high pressure is in a subcritical state
in a state in which the outside air temperature is low.

[Patent Documents]
[0003]

[Patent Document 1] Japanese Unexamined Patent
Application, First Publication No. 2020-118354
[Patent Document 2] Japanese Unexamined Patent
Application, First Publication No. 2014-89042

SUMMARY OF THE INVENTION

[0004] There is a demand for a method for improving
combined efficiency of both a load-side device (an air
conditioner, a water heater, or the like), which utilizes
exhaust heat from a freezer, and the freezer.

[0005] Hence, an object of this invention is to provide
a control device, an exhaust heat recovery freezer sys-
tem, a control method, and a program capable of resolv-
ing the problems described above.

[0006] According to an aspect of the present disclo-
sure, a control device includes an operation mode deci-
sion unit that decides, in accordance with necessity of
heatrecovery from arefrigerant circulating in arefrigerant
circuit, which operation of a supercritical operation in
which a high pressure in the refrigerant circuit is in a
supercritical state and a subcritical operation in which
the high pressure is in a subcritical state is to be per-

10

15

20

25

30

35

40

45

50

55

formed; and a freezer control unit that controls the refrig-
erant circuit to be operated in either the supercritical op-
eration or the subcritical operation on the basis of deci-
sion of the operation mode decision unit.

[0007] According to another aspect of the present dis-
closure, an exhaust heat recovery freezer system in-
cludes a freezer that has a refrigerant circuit including a
compressor, a gas cooler, an expansion valve, and an
evaporator; an exhaust heat recovery device that recov-
ers heat through heat exchange with a refrigerant circu-
lating in the refrigerant circuit between the compressor
and the gas cooler in the refrigerant circuit and supplies
the recovered heat to a load device; and the foregoing
control device.

[0008] According to another aspect of the present dis-
closure, a control method includes a step of deciding, in
accordance with necessity of heat recovery from a refrig-
erant circulating in a refrigerant circuit, which operation
of a supercritical operation in which a high pressure in
the refrigerant circuit is in a supercritical state and a sub-
critical operation in which the high pressure is in a sub-
critical state is to be performed; and a step of controlling
the refrigerant circuit to be operated in either the super-
critical operation or the subcritical operation on the basis
of decision in the step of deciding an operation.

[0009] According to another aspect of the present dis-
closure, a program causes a computer to execute a step
of deciding, in accordance with necessity of heat recov-
ery from a refrigerant circulating in a refrigerant circuit,
which operation of a supercritical operation in which a
high pressure in the refrigerant circuit is in a supercritical
state and a subcritical operation in which the high pres-
sure is in a subcritical state is to be performed; and a
step of controlling the refrigerant circuit to be operated
in either the supercritical operation or the subcritical op-
eration on the basis of decision in the step of deciding
an operation.

[0010] According to the control device, the exhaust
heat recovery freezer system, the control method, and
the program of the present disclosure, it is possible to
improve overall efficiency of both a load device, which
utilizes exhaust heat of a freezer, and the freezer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a diagram illustrating an example of an ex-
haust heat recovery freezer system according to an
embodiment.

FIG. 2 is a diagram illustrating characteristics of a
high-pressure supercritical operation and a high-
pressure subcritical operation according to the em-
bodiment.

FIG. 3 is a diagram illustrating an example of condi-
tions for switching according to the embodiment.
FIG. 4 is aflowchartillustrating an example of switch-
ing control according to the embodiment.
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FIG. 5 is a diagram illustrating an example of a hard-
ware constitution of a system controller according to
the embodiment.

DETAILED DESCRIPTION OF THE INVENTION
<Embodiment>

[0012] Hereinafter, an exhaust heat recovery freezer
system according to an embodiment of the present dis-
closure will be described with reference to FIGS. 1 to 5.

(Constitution)

[0013] FIG. 1 is a diagram illustrating an example of
an exhaust heat recovery freezer system according to
the embodiment.

[0014] An exhaust heat recovery freezer system 1is a
system in which heat discharged by a freezer 10 per-
forming a cooling operation is recovered by an exhaust
heat recovery device 20 and the recovered heat is sup-
plied to a warming cycle of a high-temperature load de-
vice 30. For example, the exhaust heat recovery freezer
system 1 is used in supermarkets or the like, in which
the freezer 10 refrigerates or freezes food and exhaust
heattherefrom is recovered by the exhaust heat recovery
device 20 and utilized for heating of the store orin a water
heater. In the exhaust heat recovery freezer system 1,
CO, is used as a refrigerant. A CO, refrigerant is in a
supercritical state within an ordinary temperature range
at approximately 31°C. From a viewpoint of efficiency of
the exhaust heat recovery freezer system 1 in its entirety
instead of efficiency of the freezer 10 alone, the exhaust
heat recovery freezer system 1 determines necessity of
heat recovery by the exhaust heat recovery device 20
and operates with a high pressure in the freezer 10 in a
supercritical state or a subcritical state in accordance with
the necessity thereof.

[0015] As shown in FIG. 1, the exhaust heat recovery
freezer system 1 includes the freezer 10, the exhaust
heat recovery device 20, the high-temperature load de-
vice 30, a low-temperature load device 31 (for example,
a refrigerating show case or a freezing show case in a
supermarket), and a system controller 40. The freezer
10 includes a two-stage compressor 11, a gas cooler 12,
afirstexpansionvalve 13a, areceiver 14, an accumulator
16, a main piping 17 connecting these to the low-tem-
perature load device 31, a piping 18 connecting a gas-
phase portion of the receiver 14 to an emission side of a
low stage-side compressor 11b of a high stage-side com-
pressor 11a and the low stage-side compressor 11b in-
cluded in the two-stage compressor 11, a valve 18a con-
trolling a flow rate of the refrigerant flowing in the piping
18, a fan 19 provided in the gas cooler 12, and temper-
ature sensors tho 1 to tho3. The temperature sensor tho
1 is provided on the emission side of the two-stage com-
pressor 11 and an entrance side of a heat exchanger 21,
and the temperature sensor tho2 is provided on an exit
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side of the heat exchanger 21 and the entrance side of
the gas cooler 12. The exit side and the entrance side
are an exit side and an entrance side in a flowing direction
of the refrigerant. In addition, the temperature sensor
tho3 is provided at a position where an outside air tem-
perature can be measured. The low-temperature load
device 31 is constituted of a second expansion valve 13b
and an evaporator 15 and is connected to a low pressure
side of the freezer 10.

[0016] The heat exchanger 21 of the exhaust heat re-
covery device 20 is connected (inserted) between the
two-stage compressor 11 and the gas cooler 12, and the
CO, refrigerant of the freezer 10 flows in the heat ex-
changer 21. The exhaust heat recovery device 20 in-
cludes the heat exchanger 21 for exhaust heat recovery,
apump 22, and a piping 23 connecting these to the high-
temperature load device 30. For example, the high-tem-
perature load device 30 is an air conditioner, a water
heater, or the like in a store. In the heat exchanger 21,
heat exchange is performed between the CO, refrigerant
of the freezer 10 and the refrigerant (for example, water)
of the exhaust heat recovery device 20. In the exhaust
heat recovery device 20, warm water which has been
warmed through heat exchange in the heat exchanger
21 circulates in the piping 23 by driving of the pump 22,
and for example, exhaust heat from the freezer 10 is sup-
plied to the high-temperature load device 30 via a heat
exchanger (not shown) provided in the high-temperature
load device 30. Since the refrigerant does not circulate
in the piping 23 when the pump 22 is at a stop, exhaust
heatis notrecovered by the exhaust heatrecovery device
20.

[0017] Inthe freezer 10, the two-stage compressor 11
emits a high-pressure refrigerant compressed by the high
stage-side compressor 11a and the low stage-side com-
pressor 11b. In more detail, a suction side of the low
stage-side compressor 11b is connected to the accumu-
lator 16, and the low stage-side compressor 11b suctions
and compresses the refrigerant (gas) separated by the
accumulator 16. The low stage-side compressor 11b
emits the compressed refrigerant to the suction side of
the high stage-side compressor 11a. The refrigerant is
supplied from the gas-phase portion of the receiver 14
to the suction side of the high stage-side compressor 11a
through the piping 18 (injection circuit). The high stage-
side compressor 11a suctions and compresses these re-
frigerants. The compressed refrigerant is supplied to the
heat exchanger 21 for exhaust heat recovery. As de-
scribed above, in the heat exchanger 21, heat of the high-
temperature/high-pressure CO, refrigerant is recovered
by the refrigerant (water) of the exhaust heat recovery
device 20 and is supplied to the high-temperature load
device 30. The CO, refrigerant which has passed through
the heat exchanger 21 is subjected to heat dissipation
through heat exchange in the gas cooler 12 with air sent
by the fan 19 and is condensed and liquefied. The con-
densedrefrigerantis subjected to pressure reduction and
expansion by the first expansion valve 13a and is sup-
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plied to the receiver 14. In the receiver 14, a two-phase
refrigerant of gas and liquid is present in a mixed manner.
A part (gas-phase portion) of the refrigerant present in
the receiver 14 branches to the piping 18 as described
above and is supplied to the two-stage compressor 11.
The liquid-phase refrigerant flows out from the receiver
14, is subjected to additional pressure reduction by the
second expansion valve, and is then supplied to the evap-
orator 15. The CO, refrigerant supplied to the evaporator
15 absorbs heat of the low-temperature load device 31
(for example, a show case for refrigeration or a show
case for freezing in a store), is gasified, and cools the
low-temperature load device 31. The CO, refrigerant
gasified by the evaporator 15 is supplied to the accumu-
lator 16. The CO, refrigerant is separated into gas and
liquid by the accumulator 16, and the gas refrigerant is
suctioned into the low stage-side compressor 11b. The
refrigerantis compressed by the low stage-side compres-
sor 11b and the high stage-side compressor 11a and
circulates through the foregoing path again.

[0018] The exhaust heat recovery freezer system 1
shown in FIG. 1 is a schematic basic constitution and
may further include other constituent elements. In FIG.
1, the exhaust heat recovery device 20 has only one heat
exchanger 21, but the exhaust heat recovery device 20
may include two or more heat exchangers 21. In this
case, all or some of the plurality of heat exchangers 21
may be connected to (inserted into) a refrigerant circuit
of the freezer 10. In addition, a plurality of exhaust heat
recovery devices 20 may be present, and the heat ex-
changer 21 provided in each exhaust heat recovery de-
vice 20 may be connected to the refrigerant circuit of the
freezer 10.

[0019] The system controller 40 controls the freezer
10 and the exhaust heat recovery device 20. The system
controller 40 includes a signal acquisition unit 41, a set-
ting reception unit 42, an exhaust heat recovery device
control unit 43, an operation mode decision unit 44, a
freezer control unit 45, and a storage unit 46. In addition,
the system controller 40 has a timer, which can recognize
the current date and time.

[0020] The signal acquisition unit 41 acquires the tem-
perature detected by the temperature sensors tho1 to
tho3, a signal indicating a working state of the exhaust
heat recovery device 20, and a signal indicating an op-
eration state (a working state or a load state) of the high-
temperature load device 30. The signal acquisition unit
41 records various kinds of acquired signals in the stor-
age unit 46.

[0021] The setting reception unit 42 receives an input
of various kinds of settings made by a user. For example,
the settingreception unit 42 receives a setting forworking
(ON) or stopping (OFF) of the exhaust heat recovery de-
vice 20 and outputs the setting to the exhaust heat re-
covery device control unit 43. In addition, regarding the
operation of the freezer 10, the setting reception unit 42
receives a setting of conditions for switching between an
operation in which the high pressure is in the supercritical
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state (which may hereinafter be referred to as a super-
critical operation) and an operation in which the high pres-
sure is in the subcritical state (which may hereinafter be
referred to as a subcritical operation) and records the
received setting of the conditions for switching in the stor-
age unit 46.

[0022] The exhaust heat recovery device control unit
43 controls working (ON) and stopping (OFF) of the ex-
haustheatrecovery device 20. For example, when a user
performs setting for causing the exhaust heat recovery
device 20 to work, the exhaust heat recovery device con-
trol unit 43 acquires the setting through the setting re-
ception unit 42 and causes the exhaust heat recovery
device 20 to work by starting the pump 22, or the like.
When a user performs setting for causing the exhaust
heat recovery device 20 to stop, the exhaust heat recov-
ery device control unit 43 acquires the setting through
the setting reception unit42 and causes the exhaust heat
recovery device 20 to stop by stopping the pump 22, or
the like. When the exhaust heat recovery device 20 is
caused to work or stop, the exhaust heat recovery device
control unit 43 records the time at which the control is
performed and the executed operation of either working
or stopping in the storage unit 46 as a working log.
[0023] The operation mode decision unit 44 deter-
mines necessity of exhaust heat recovery and decides
the operation mode of the freezer 10 on the basis of the
outside air temperature acquired by the signal acquisition
unit 41, the working state of the exhaust heat recovery
device 20, the load state of the high-temperature load
device 30, and the setting of the conditions for switching
recorded in the storage unit 46 by the setting reception
unit 42. The operation mode is either the supercritical
operation or the subcritical operation. For example, when
the efficiency of the exhaust heat recovery freezer sys-
tem 1 in its entirety is improved by intensifying exhaust
heat recovery, the operation mode decision unit 44 de-
termines that necessity of exhaust heat recovery is high.
If not, it is determined that necessity of exhaust heat re-
covery is low. When necessity of exhaust heat recovery
is high, the operation mode decision unit 44 decides that
the supercritical operation is performed, and when ne-
cessity of exhaust heat recovery is not high, it is decided
that the subcritical operation is performed.

[0024] The freezer control unit 45 causes the freezer
10 to operate in the operation mode decided by the op-
eration mode decision unit 44. For example, the two-
stage compressor 11 is constituted to operate with a ro-
tation frequency in which the pressure on the high-pres-
sure side is in the supercritical state when instructed to
perform the supercritical operation and to operate with a
rotation frequency in which the pressure on the high-
pressure side is in the subcritical state when instructed
to perform the subcritical operation. When the operation
mode decision unit 44 decides that the supercritical op-
eration is performed, the freezer control unit 45 instructs
the two-stage compressor 11 to perform the supercritical
operation. When the operation mode decision unit44 de-
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cides that the subcritical operation is performed, the
freezer control unit 45 instructs the two-stage compres-
sor 11 to perform the subcritical operation. Above this,
the freezer control unit 45 performs various kinds of con-
trol related to the freezer 10, but description related to
functions other than switching of the operation mode wiill
be omitted. The storage unit 46 stores signals acquired
by the signal acquisition unit 41 and the setting of the
conditions for switching received by the setting reception
unit 42.

[0025] FIG. 2 shows characteristics of the supercritical
operation and the subcritical operation according to the
embodiment. The applicant has found the characteristics
shown in FIG. 2 after performing verification and desk
calculation using the exhaust heat recovery freezer sys-
tem 1 shown in FIG. 1 as an example. That is, when the
freezer 10 is in the supercritical operation, the efficiency
of the freezer 10 alone deteriorates, but the overall effi-
ciency of the freezer 10 and the high-temperature load
device 30 in their entirety rises. In contrast, when the
freezer 10 is in the subcritical operation, the operation
efficiency of the freezer 10 alone can be improved, but
the overall efficiency of the exhaust heatrecovery freezer
system 1 (the freezer 10 and the high-temperature load
device 30 in their entirety) deteriorates. Here, for exam-
ple, efficiency indicates consumption energy consumed
by the exhaust heat recovery freezer system 1. Through
trial calculation, it has been confirmed that the total an-
nual energy consumption of the freezer 10 and the high-
temperature load device 30 can be reduced by several
percent by performing the operation of the freezer 10
while switching between the supercritical operation and
the subcritical operation under predetermined condi-
tions.

(Conditions for switching between supercritical operation
and subcritical operation)

[0026] The operation mode decision unit 44 may de-
termine that necessity of heat recovery is high when at
least one of the outside air temperature, the load state
of the high-temperature load device 30 (whether the load
is large or small), and the period or the timeslot satisfies
the predetermined conditions. FIG. 3 shows an example
of criteria for such determination. FIG. 3 is a diagram
illustrating an example of conditions for switching be-
tween the supercritical operation and the subcritical op-
eration according to the embodiment. In the table of FIG.
3, "-"denotes that the corresponding condition is not tak-
en into consideration. In addition, the following (1) to (10)
respectively correspond to the item numbers 1 to 10 in
FIG. 3.

(1) When a show case for refrigeration or freezing in
a store is cooled by the freezer 10, regardless of the
working states of the exhaust heat recovery device
20 and the high-temperature load device 30, if op-
eration is performed in an environment in which the
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outside air temperature is X1°C (for example, 25°C)
or higher, the high pressure is in the supercritical
state. When the outside air temperature detected by
the temperature sensor tho3 and acquired by the
signal acquisition unit 41 becomes X1°C or higher,
the operation mode decision unit 44 decides that the
operation mode is set to the supercritical operation.

[0027] Hereinafter, a case in which the outside air tem-
perature is lower than X1°C will be examined.

[0028] (2) When the exhaust heat recovery device 20
is not working (when the pump 22 is at a stop), exhaust
heat of the freezer 10 is not supplied to the high-temper-
ature load device 30. In this case, since the efficiency of
the exhaust heat recovery freezer system 1 in its entirety
is improved by improving the efficiency of the freezer 10
alone, necessity of heat recovery is low. Therefore, when
the outside air temperature is lower than X1°C and the
exhaust heat recovery device 20 is not working, the op-
eration mode decision unit 44 decides that the operation
mode is set to the subcritical operation.

[0029] Itis possible to judge whether the exhaust heat
recovery device 20 is working or at a stop based on a
signal indicating the working state of the exhaust heat
recovery device 20 (for example, detection values of var-
ious kinds of sensors measuring the rotation frequency
of the pump 22, the flow rate of water flowing in piping
23, the flow speed, the temperature, the pressure, and
the like) acquired by the signal acquisition unit 41 and
the working log of the exhaust heat recovery device 20
recorded in the storage unit 46. For example, if the rota-
tion frequency of the pump 22 is equal to or lower than
a predetermined value (for example, O rpm) or the tem-
perature of water is lower than a predetermined value,
the operation mode decision unit 44 may judge that the
exhaust heat recovery device 20 is at a stop. When the
latest record of the records of the working log indicates
"stop", the operation mode decision unit 44 may judge
that the exhaust heat recovery device 20 is at a stop.
[0030] (3) When the high-temperature load device 30
is not working as well, the efficiency of the exhaust heat
recovery freezer system 1 is improved by improving the
efficiency of the freezer 10 alone (necessity of heat re-
covery is low). Therefore, when the outside air temper-
ature is lower than X1°C and the high-temperature load
device 30 is not working, the operation mode decision
unit 44 decides that the operation mode is set to the sub-
critical operation.

[0031] Itis possible to judge whether the high-temper-
ature load device 30 is working or at a stop based on a
signal indicating the working state of the high-tempera-
ture load device 30 (for example, detection values de-
tected by various kinds of sensors included in an air con-
ditioner or a water heater) acquired by the signal acqui-
sition unit 41. For example, if the rotation frequency of a
compressor provided in an air conditioner or a water heat-
er is equal to or lower than a predetermined value (for
example, 0 rps) or the refrigerant temperature is lower
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than a predetermined value, the operation mode decision
unit 44 may judge that the high-temperature load device
30 is at a stop.

[0032] (4)Oncondition thatthe outside air temperature
is lower than X1°C and the exhaust heat recovery device
20 and the high-temperature load device 30 are working,
the operation mode decision unit 44 may decide that the
operation mode is set to the supercritical operation. For
example, in a case in which heating is used throughout
the year in a cold region or the like, when the exhaust
heat recovery device 20 and the high-temperature load
device 30 are in a working state, even if the efficiency of
the freezer 10 alone has deteriorated, a heating load of
the air conditioner may decrease and the efficiency of
the exhaust heat recovery freezer system 1 in its entirety
may be improved (necessity of heat recovery is high) by
raising heat recovery ability through the supercritical op-
eration and supplying more heat to the high-temperature
load device 30. For example, when the outside air tem-
perature is lower than X1°C, if the efficiency in its entirety
is improved by performing the supercritical operation, the
conditions for switching as in (4) (the supercritical oper-
ation is performed when the exhaust heat recovery de-
vice 20 and the high-temperature load device 30 are
working at an outside air temperature lower than X1°C)
can be set.

[0033] Regardingjudgmentwhetheror notthe exhaust
heat recovery device 20 and the high-temperature load
device 30 are working, for example, if the rotation fre-
quency of the pump 22 is equal to or higher than a pre-
determined value or the temperature of water flowing in
the piping 23 is higher than a predetermined value, the
operation mode decision unit 44 may judge that the ex-
haust heat recovery device 20 is working. When the latest
record of the records of the working log indicates working,
the operation mode decision unit 44 may judge that the
exhaustheatrecovery device 20 is working. Forexample,
when the rotation frequency of the compressor provided
in the air conditioner or the water heater is equal to or
higher than a predetermined value or when the refriger-
ant temperature is equal to or higher than a predeter-
mined value, the operation mode decision unit 44 may
judge that the high-temperature load device 30 is work-
ing.

[0034] (5) While being in the case of the item number
4, and on condition that the load on the high-temperature
load device 30 is large, the operation mode decision unit
44 may decide that the operation mode is set to the su-
percritical operation. For example, even when the air con-
ditioner is performing a heating operation as the high-
temperature load device 30, if the air-conditioning load
is small, the efficiency of the exhaust heat recovery freez-
er system 1 may be improved (necessity of heat recovery
is low) by prioritizing the efficiency of the freezer 10 alone.
Therefore, the conditions for switching the operation
mode to the supercritical operation may be set only when
the outside air temperature is lower than X1°C, the ex-
haust heat recovery device 20 is working, and the high-
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temperature load device 30 is working with a considera-
ble load, that is, under conditions in which necessity of
heat recovery becomes high.

[0035] Forexample, when the rotation frequency of the
compressor in the air conditioner or the water heater is
equal to or higher than a predetermined value, the oper-
ation mode decision unit 44 may judge that the load on
the high-temperature load device 30 is large. In addition,
when the water level of a water storage tank in the water
heater detected by a water level sensor is lower than a
predetermined value, the operation mode decision unit
44 may judge that the load on the high-temperature load
device 30islarge. Alternatively, whenitbecomes atimes-
lot in which the air-conditioning load or the load on the
water heater is predicted to be large by means of a pre-
determined predictive model, the operation mode deci-
sion unit 44 may judge that the load on the high-temper-
ature load device 30 is large.

[0036] (6)On condition thatthe outside airtemperature
is lower than X1°C, the exhaust heat recovery device 20
is working, and it is a predetermined period and a pre-
determined timeslot, the operation mode decision unit44
may decide that the operation mode is set to the super-
critical operation. For example, a period during which
heating is used (winter, or fall or spring depending on the
region) is set for the period. When the outside air tem-
perature is lowerthan X1°C and itbecomes the set period
(for example, November to February), since the heating
load of the air conditioner is high during this period, it is
considered that the efficiency of the exhaust heat recov-
ery freezer system 1 in its entirety is improved (necessity
of heat recovery is high) by performing exhaust heat re-
covery even if the efficiency of the freezer 10 alone is
sacrificed. So that such a period may be adopted as the
conditions for switching to the supercritical operation.
Moreover, considering that heating is not used after busi-
ness hours of the store even ifitis the period during which
heating is used, a timeslot in which the high-temperature
load device 30 is working (for example, 9:00 to 20:00)
may be set as the conditions for switching in addition to
the period during which the high-temperature load device
30 is used. In addition, only a timeslot in which necessity
of heat recovery becomes high may be setwithout setting
a use period. In this case, when the outside air temper-
ature is lower than X1°C, the exhaust heat recovery de-
vice 20 is working, and it becomes a predetermined pe-
riod and/or timeslot, the operation mode decision unit 44
decides that the operation mode is set to the supercritical
operation. Otherwise, it is decided that the operation
mode is set to the subcritical operation.

[0037] (7) While being in the case of the item number
4, and on condition that it is a timeslot in which the load
on the high-temperature load device 30 is large, the op-
eration mode decision unit 44 may decide that the oper-
ation mode is set to the supercritical operation. For ex-
ample, it is assumed that a timeslot of using hot water of
the water heater is concentrated during 10:00 to 15:00.
At this timeslot, the efficiency of the exhaust heat recov-
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ery freezer system 1 in its entirety is improved (necessity
of heat recovery is high) by performing exhaust heat re-
covery and providing recovered heat to the water heater.
However, when the load on the water heater is not so
high at other timesiots, it is meaningless to perform ex-
haust heat recovery. The operation mode decision unit
44 decides that the operation mode is set to the super-
critical operation when the outside air temperature is low-
er than X1°C, the exhaust heat recovery device 20 and
the high-temperature load device 30 are working, and it
is the timeslot in which the load on the high-temperature
load device 30 becomes large (10:00 to 15:00). Other-
wise, it may be decided that the operation mode is set to
the subcritical operation.

[0038] (8)Oncondition thatthe outside air temperature
is X2°C or lower and the exhaust heat recovery device
20 is working, the operation mode decision unit 44 may
decide that the operation mode is set to the supercritical
operation. Here, X2°C<X1°C is established. For exam-
ple, X2°C is a temperature at which the heating load on
the air conditioner becomes high, in other words, an out-
side air temperature at which necessity of heat recovery
becomes high. If the outside air temperature is X2°C or
lower, itis conceivable that the air conditioner be working
with a high load even if the working state of the air con-
ditioner (high-temperature load device 30) is not con-
firmed so that the operation mode decision unit 44 may
decide that the operation mode is set to the supercritical
operation on condition that the outside air temperature
is X2°C or lower and the exhaust heat recovery device
20 is working. Otherwise, it may be decided that the op-
eration mode is set to the subcritical operation.

[0039] (9) While being in the case of the item number
8, and on condition that the high-temperature load device
30 is working, the operation mode decision unit 44 de-
cides that the operation mode is set to the supercritical
operation. For example, even if the outside air tempera-
ture is X2°C or lower at which the heating load on the air
conditioner becomes high, since the air conditioner is not
working if the store is not open for business, the overall
efficiency of the exhaust heat recovery freezer system 1
is improved (necessity of heatrecovery is low) by improv-
ing the efficiency of the freezer 10 alone at the timeslot
in which the air conditioner is not working. In such a case,
on condition that the outside air temperature is X2°C or
lower and the exhaust heat recovery device 20 and the
high-temperature load device 30 are working, the oper-
ation mode decision unit44 may decide that the operation
mode is set to the supercritical operation. Otherwise, it
may be decided that the operation mode is set to the
subcritical operation.

[0040] (10) While being in the case of the item number
8, and on condition that it is a predetermined period and
a predetermined timeslot of using the high-temperature
load device 30 (only a period or only a timeslot may be
adopted), the operation mode decision unit 44 may de-
cide that the operation mode is set to the supercritical
operation. If not, it may be decided that the subcritical
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operation is set. For example, a heating operation of the
air conditioner is presumed as a load, winter is set as a
period, and the business hours of the store are set as a
timeslot (necessity of heat recovery is high). In this case,
when the outside air temperature is X2°C or lower, the
exhaust heat recovery device 20 is working, and it is a
predetermined period and a predetermined timesilot, the
operation mode decision unit 44 may decide that the op-
eration mode is set to the supercritical operation. Other-
wise, it is decided that the operation mode is set to the
subcritical operation.

[0041] The conditions for switching between the su-
percritical operation and the subcritical operation in the
item numbers 1 to 10 described above are examples and
are not limited thereto. For example, on condition that
the outside air temperature is lower than X1°C (or is X2°C
or lower), the exhaustheatrecovery device 20 is working,
the high-temperature load device 30 is working with a
high load, and it is a predetermined period and a prede-
termined timeslot, the conditions for switching may be
set such that it is decided to set the operation mode to
the supercritical operation. Alternatively, the conditions
for switching the operation mode to the supercritical op-
eration when the outside air temperature is lower than
X1°C (or is X2°C or lower) and it is a predetermined pe-
riod and a predetermined timeslot, or the conditions for
switching the operation mode to the supercritical opera-
tion when the outside air temperature is simply lower than
X1°C (or is X2°C or lower) may be set.

(Operation)

[0042] Next, with reference to FIG. 4, switching control
of the operation mode of the freezer 10 will be described.
[0043] FIG. 4 is a flowchart illustrating an example of
switching control according to the embodiment.

[0044] First, a user sets conditions for switching be-
tween the supercritical operation and the subcritical op-
eration. For example, a user sets conditions for the item
numbers 1, 2, 5, and 9 in FIG. 3. The setting reception
unit 42 receives a setting of the conditions for switching
and records the set conditions for switching in the storage
unit 46 (Step S1).

[0045] The operation mode decision unit 44 acquires
the outside air temperature (Step S2). For example, the
signal acquisition unit 41 acquires the outside air tem-
perature detected by the temperature sensor tho3 from
hour to hour and records the acquired outside air tem-
perature together with the time in the storage unit 46.
The operation mode decision unit44 acquires the outside
air temperature recorded in the storage unit 46.

[0046] Next, the operation mode decision unit 44 ac-
quires the working state of the exhaust heat recovery
device 20 (Step S3). For example, the signal acquisition
unit 41 acquires a signal indicating the working state of
the exhaust heat recovery device 20 from hour to hour,
such as a measurement value including the rotation fre-
quency of the pump 22, the temperature of water flowing
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in the piping 23, or the like, and records these together
with the time in the storage unit 46. The operation mode
decision unit 44 acquires a signal indicating the working
state of the exhaust heat recovery device 20 recorded in
the storage unit46. Alternatively, the operation mode de-
cision unit 44 acquires the latest record of the working
log recorded in the storage unit 46.

[0047] Next, the operation mode decision unit 44 ac-
quires the working state or the load state of the high-
temperature load device 30 (Step S4). For example, the
signal acquisition unit 41 acquires a signal indicating the
working state of the high-temperature load device 30
from hour to hour, such as the rotation frequency of the
compressor or the water level of the water storage tank
in the high-temperature load device 30 or a signal which
can be used for estimation of the load state and records
these together with the time in the storage unit 46. Alter-
natively, in the storage unit 46, a prediction value of the
load on the high-temperature load device 30 predicted
by means of a predetermined predictive model in ad-
vance (for example, a load prediction value for each daily
timeslot during a predetermined period of time) may be
recorded. The operation mode decision unit 44 acquires
a signal indicating the working state or the load state of
the high-temperature load device 30 recorded in the stor-
age unit46 and the prediction value of the load. The order
of processing of Steps S2 to S4 can be arbitrarily
changed, and Steps S2 to S4 may be simultaneously
performed in parallel.

[0048] Next, the operation mode decision unit 44 de-
cides the operation mode (Step S5). The operation mode
decision unit 44 determines necessity of heat recovery
and decides the operation mode on the basis of the sig-
nals acquired in Steps S2 to 4 and the conditions for
switching set in Step S 1. For example, when the outside
air temperature is X1°C or higher, the operation mode
decision unit 44 decides that the operation mode is set
to the supercritical operation (the conditions for switching
of the item number 1).

For example, when a signal indicating that the outside
air temperature is lower than X1°C and the exhaust heat
recovery device 20 is at a stop is acquired, the operation
mode decision unit 44 decides that the operation mode
is set to the subcritical operation (the conditions for
switching of the item number 2). For example, when ei-
ther conditions whether a signal indicating that the out-
side air temperature is lower than X1°C, the exhaust heat
recovery device 20 is working, and the high-temperature
load device 30 is working with a high load has been ac-
quired (the conditions for switching of the item number
5), or whether a signal indicating that the outside air tem-
perature is X2°C or lower, the exhaust heat recovery de-
vice 20 and the high-temperature load device 30 are
working has been acquired (the conditions for switching
of the item number 9) are satisfied, the operation mode
decision unit 44 determines that necessity of heat recov-
ery is high and decides that the operation mode is set to
the supercritical operation. When none of the conditions

10

15

20

25

30

35

40

45

50

55

for switching of the item number 5 and the item number
9 is satisfied, the operation mode decision unit 44 deter-
mines that necessity of heat recovery is low and decides
thatthe operation mode is set to the subcritical operation.
[0049] Regarding judgment whether or not the high-
temperature load device 30 in the item number 5 is work-
ing with a high load, for example, if itis a timeslotin which
the prediction value of the load predicted by the predictive
model is high, the operation mode decision unit 44 may
judge that the high-temperature load device 30 is working
with a high load, and if the compressor in the high-tem-
perature load device 30 is in operation with a rotation
frequency equal to or higher than a predetermined value,
it may be judged that the high-temperature load device
30 is working with a high load. When it can be estimated
that the exhaust heat recovery device 20 is working, the
outside air temperature is lower than X1°C, and the high-
temperature load device 30 is working with a high load,
the operation mode decision unit 44 determines that ne-
cessity of heat exchange is high. In addition, regarding
the item number 9, when the exhaust heat recovery de-
vice 20 and the high-temperature load device 30 are
working and the outside air temperature is X2°C or lower,
the operation mode decision unit 44 determines that ne-
cessity of heat exchange is high. In addition, regarding
the item number 6, if the exhaust heat recovery device
20 is working, the outside air temperature is lower than
X1°C, and it is a predetermined period and/or timeslot,
the operation mode decision unit 44 determines that ne-
cessity of heat exchange is high.

[0050] The operation mode decision unit 44 outputs
the decided operation mode to the freezer control unit
45. The freezer control unit 45 causes the freezer 10 to
operate in accordance with the decision of the operation
mode decision unit 44. When the operation mode deci-
sion unit 44 decides that the operation mode is set to the
supercritical operation, the freezer control unit 45 in-
structs the two-stage compressor 11 to perform the su-
percritical operation. Accordingly, the high-pressure su-
percritical operation in which a refrigerant is in the super-
critical state on the high-pressure side of the refrigerant
circuit is executed (Step S6). When the operation mode
decision unit 44 decides that the operation mode is set
to the subcritical operation, the freezer control unit 45
instructs the two-stage compressor 11 to perform the
subcritical operation. Accordingly, the high-pressure
subcritical operation in which a refrigerant is in the sub-
critical state on the high-pressure side of the refrigerant
circuit is executed (Step S7).

[0051] As described above, according to the present
embodiment, the operation of the freezer 10 is controlled
to be either the supercritical operation or the subcritical
operation on the basis of a setting of the conditions for
switching set such that the overall efficiency of the freezer
10 and the high-temperature load device 30 is improved
(FIG. 3). The efficiency of the exhaust heat recovery
freezer system 1 can be improved by switching between
the high-pressure supercritical operation and the high-
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pressure subcritical operation of the freezer in accord-
ance with the efficiency of the exhaust heat recovery
freezer system 1 in its entirety.

[0052] FIG. 5is a diagram illustrating an example of a
hardware constitution of a system controller according
to the embodiment. A computer 900 includes a CPU 901,
a main storage device 902, an auxiliary storage device
903, an input/output interface 904, and a communication
interface 905. The system controller 40 is mounted in the
computer 900. Further, each of the functions described
above is stored in the auxiliary storage device 903 in a
form of a program. The CPU 901 reads the program from
the auxiliary storage device 903 and develops it in the
main storage device 902, and the foregoing processing
is executed in accordance with the program. In addition,
the CPU 901 secures a storage domain in the main stor-
age device 902 in accordance with the program. In ad-
dition, the CPU 901 secures the storage domain for stor-
ing data being processed in the auxiliary storage device
903 in accordance with the program.

[0053] Processing by each of the functional units may
be performed by recording a program for realizing all or
some of the functions of the system controller 40 in a
computer readable recording medium, causing a com-
puter system to read and execute the program recorded
in this recording medium. Here, "a computer system" in-
cludes hardware such as an OS and peripheral equip-
ment. In addition, when the WWW system is utilized, "a
computer system" also includes a homepage-provided
environment (or a display environment). In addition, "a
computer readable recording medium" indicates a stor-
age device including a portable medium such as a CD,
a DVD, or a USB, and a hard disk built into the computer
system. In addition, when this program is distributed in
the computer 900 through a communication line, the
computer 900 which has received the distribution may
develop the program in the main storage device 902 to
execute the foregoing processing. In addition, the fore-
going program may be a program for realizing a part of
the functions described above or may be a program ca-
pable of realizing the functions described above in com-
bination with a program which has already been recorded
in the computer system.

[0054] Furthermore, the constituent elements in the
foregoing embodiment can be suitably replaced with
known constituent elements within a range not departing
from the gist of the present invention. In addition, the
technical scope of this invention is not limited to the fore-
going embodiment, and various changes can be added
thereto within a range not departing from the gist of the
present invention.

<Appendix>

[0055] The control device, the exhaust heat recovery
freezer system, the control method, and the program ac-
cording to each embodiment are ascertained as follows,
for example.
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(1) According to a first aspect, the control device
(system controller 40) includes the operation mode
decision unit 44 that decides, in accordance with ne-
cessity of heat recovery from a refrigerant circulating
in the refrigerant circuit (or in accordance with the
load state of the device supplying heat of the refrig-
erant circulating in the refrigerant circuit (high-tem-
perature load device 30)), which operation of the su-
percritical operation in which the high pressure in the
refrigerant circuit is in the supercritical state and the
subcritical operation in which the high pressure is in
the subcritical state is to be performed; and the freez-
er control unit 45 that controls the refrigerant circuit
to be operated in either the supercritical operation
or the critical operation on the basis of decision of
the operation mode decision unit 44.

[0056] Accordingly, the freezer can switch between the
high-pressure supercritical operation and the high-pres-
sure subcritical operation in accordance with the overall
efficiency of the freezer 10 and the high-temperature load
device 30. Accordingly, the foregoing overall efficiency
can be improved.

[0057] (2) According to a second aspect, the control
device (system controller 40) is the control device ac-
cording to (1), in which the operation mode decision unit
44 decides to perform the supercritical operation when
the outside air temperature becomes equal to or lower
than a predetermined temperature (X2°C or lower) at
which the load of the device (high-temperature load de-
vice 30) is estimated to be large (for example, the item
number 8 in FIG. 3).

[0058] When it can be determined that the load on the
high-temperature load device 30 is large on the basis of
the outside air temperature, the heat recovery ability of
the exhaust heat recovery device 20 is raised and the
operation load of the high-temperature load device 30 is
reduced by switching the operation of the freezer 10 to
the supercritical operation. Accordingly, the overall effi-
ciency of the freezer 10 and the high-temperature load
device 30 can be improved.

[0059] (3) According to a third aspect, the control de-
vice (system controller40)is the control device according
to (1) to (2), in which the operation mode decision unit
44 decides to perform the supercritical operation during
a predetermined period and/or a predetermined timeslot
in which the load of the device (high-temperature load
device 30) becomes large (for example, the item number
6 in FIG. 3).

[0060] During a predetermined period or a predeter-
mined timeslot in which it is known or predicted that the
load on the high-temperature load device 30 becomes
large, the heat recovery ability of the exhaust heat recov-
ery device 20 is raised and the operation load of the high-
temperature load device 30 is reduced by switching the
operation of the freezer 10 to the supercritical operation.
Accordingly, the overall efficiency of the freezer 10 and
the high-temperature load device 30 can be improved.
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[0061] (4) According to a fourth aspect, the control de-
vice (system controller 40) is the control device according
to (1) to (3), in which the operation mode decision unit
44 judges whether or not necessity of the heat recovery
is considerable (judges whether or not the load is con-
siderable) on the basis of a signal indicating the operation
state of the high-temperature load device 30 that is a
supply destination of heat which has been subjected to
heat recovery, and decides to perform the supercritical
operation when it is judged that necessity of the heat
recovery is high (the load is large) (for example, the item
number 5 in FIG. 3).

[0062] When it can be determined that the load on the
high-temperature load device 30 is large on the basis of
a signal indicating the operation state of the high-tem-
perature load device 30 (the rotation frequency of the
compressor or the like), the operation of the freezer 10
is switched to the supercritical operation. Accordingly,
the heat recovery ability of the exhaust heat recovery
device 20 can be raised, the operation load of the high-
temperature load device 30 can be reduced, and the
overall efficiency of the freezer 10 and the high-temper-
ature load device 30 can be improved.

[0063] (5)According to afifth aspect, the control device
(system controller 40) is the control device according to
(1) to (4), in which the operation mode decision unit 44
judges whether or not the exhaust heat recovery device
20, which recovers heat through heat exchange with a
refrigerant circulating in the refrigerant circuit between
the compressor and the gas cooler in the refrigerant cir-
cuit and supplies the recovered heat to the load device,
is working, and decides to perform the subcritical oper-
ation when the exhaust heat recovery device 20 is not
working.

[0064] When the exhaust heat recovery device 20 is
not working, the efficiency of the freezer 10 can be im-
proved and the overall efficiency of the freezer 10 and
the high-temperature load device 30 can be improved by
performing the subcritical operation.

[0065] (6)According to asixth aspect, the exhaust heat
recovery freezer system 1 includes the freezer 10 that
has a refrigerant circuit including the compressor (two-
stage compressor 11) and the gas cooler 12; the exhaust
heat recovery device 20 that recovers heat through heat
exchange with a refrigerant circulating in the refrigerant
circuit between the compressor and the gas cooler in the
refrigerant circuit and supplies the recovered heat to the
high-temperature load device; and the control device
(system controller 40) according to any one of (1) to (5).
[0066] Accordingly, the freezer can switch betweenthe
high-pressure supercritical operation and the high-pres-
sure subcritical operation in accordance with the overall
efficiency of the freezer 10 and the high-temperature load
device 30. Accordingly, the foregoing overall efficiency
can be improved.

[0067] (7) According to a seventh aspect, the exhaust
heat recovery freezer system 1 is the exhaust heat re-
covery freezer system according to (6), in which the con-
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10

trol device (system controller 40) further includes the ex-
haust heat recovery device control unit 43 for controlling
working and stopping ofthe exhaustheat recovery device
20.

[0068] Accordingly, itis possible to switch between the
supercritical operation and the subcritical operation after
the working state of the exhaust heat recovery device 20
is understood.

[0069] (8) According to an eighth aspect, the control
method includes the step of deciding, in accordance with
necessity of heat recovery from a refrigerant circulating
in the refrigerant circuit or in accordance with the load
state of the device supplying heat of a refrigerant circu-
lating in the refrigerant circuit, which operation of the su-
percritical operation in which the high pressure in the
refrigerant circuit is in the supercritical state and the sub-
critical operation in which the high pressure is in the sub-
critical state is to be performed; and the step of controlling
the refrigerant circuit to be operated in either the super-
critical operation or the critical operation on the basis of
decision in the step of deciding an operation.

[0070] (9) According to a ninth aspect, the program
causes a computer to execute the step of deciding, in
accordance with necessity of heat recovery from a refrig-
erant circulating in the refrigerant circuit orin accordance
with the load state of the device supplying heat of a re-
frigerant circulating in the refrigerant circuit, which oper-
ation of the supercritical operation in which the high pres-
sure in the refrigerant circuit is in the supercritical state
and the subcritical operation in which the high pressure
is in the subcritical state is to be performed; and the step
of controlling the refrigerant circuitto be operated in either
the supercritical operation or the critical operation on the
basis of decision in the step of deciding an operation.

EXPLANATION OF REFERENCES
[0071]

1 Exhaust heat recovery freezer system
10 Freezer

11 Two-stage compressor

11a High stage-side compressor
11b Low stage-side compressor
12 Gas cooler

13a First expansion valve

13b Second expansion valve

14 Receiver

15 Evaporator

16 Accumulator

17 Main piping

18 Piping (injection circuit)

18a Valve

19 Fan

20 Exhaust heat recovery device
21 Heat exchanger

22 Pump

23 Piping
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30 High-temperature load device

31 Low-temperature load device

40 System controller (control device)

41 Signal acquisition unit

42 Setting reception unit

43 Exhaust heat recovery device control unit
44 Operation mode decision unit

45 Freezer control unit

46 Storage unit

tho1 to tho3 Temperature sensor

Claims

1.

A control device (40) comprising:

an operation mode decision unit (44) that is con-
figured to decide, in accordance with necessity
of heat recovery from a refrigerant circulating in
a refrigerant circuit, which operation of a super-
critical operation in which a high pressure in the
refrigerant circuit is in a supercritical state and
asubcritical operation in which the high pressure
is in a subcritical state is to be performed; and
a freezer control unit (45) that is configured to
control the refrigerant circuit to be operated in
either the supercritical operation or the subcrit-
ical operation on the basis of decision of the op-
eration mode decision unit (44).

The control device (40) according to claim 1,
wherein the operation mode decision unit (44) is con-
figured to decide to perform the supercritical opera-
tion when an outside air temperature becomes equal
to or lower than a predetermined temperature indi-
cating high necessity of the heat recovery.

The control device (40) according to any one of
claims 1 and 2,

wherein the operation mode decision unit (44) is con-
figured to decide to perform the supercritical opera-
tion during a predetermined period and/or a prede-
termined timeslot in which necessity of the heat re-
covery becomes high.

The control device (40) according to any one of
claims 1 to 3,

wherein the operation mode decision unit (44)is con-
figured to judge whether or not necessity of the heat
recovery is considerable on the basis of a signal in-
dicating an operation state of a high-temperature
load device (30) that is a supply destination of the
heat which has been subjected to heatrecovery, and
to decide to perform the supercritical operation when
itis judged that necessity of the heat recovery is high.

The control device (40) according to any one of
claims 1 to 4,
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1"

wherein the operation mode decision unit (44)is con-
figured to judge whether or not an exhaust heat re-
covery device (20), which recovers heat through heat
exchange with a refrigerant circulating in the refrig-
erant circuit between a compressor (11) and a gas
cooler (12) in the refrigerant circuit, is working, and
to decide to perform the subcritical operation when
the exhaustheat recovery device (20) is not working.

An exhaust heat recovery freezer system (1) com-
prising:

a freezer (10) that has a refrigerant circuit in-
cluding a compressor (11) and a gas cooler (12);
an exhaust heat recovery device (20) thatis con-
figured to recover heat through heat exchange
with a refrigerant circulating in the refrigerant cir-
cuit between the compressor (11) and the gas
cooler (12) in the refrigerant circuit and to supply
the recovered heat to a high-temperature load
device (30); and

the control device (40) according to any one of
claims 1 to 5.

The exhaust heat recovery freezer system (1) ac-
cording to claim 6,

wherein the control device (40) further includes an
exhaust heat recovery device control unit (43) for
controlling working and stopping of the exhaust heat
recovery device (20).

A control method comprising:

a step of deciding, in accordance with necessity
of heat recovery from a refrigerant circulating in
a refrigerant circuit, which operation of a super-
critical operation in which a high pressure in the
refrigerant circuit is in a supercritical state and
asubcritical operationin which the high pressure
is in a subcritical state is to be performed; and
a step of controlling the refrigerant circuit to be
operated in either the supercritical operation or
the subcritical operation on the basis of decision
in the step of deciding an operation.

9. A program for causing a computer to execute

a step of deciding, in accordance with necessity
of heat recovery from a refrigerant circulating in
a refrigerant circuit, which operation of a super-
critical operation in which a high pressure in the
refrigerant circuit is in a supercritical state and
asubcritical operationin which the high pressure
is in a subcritical state is to be performed, and
a step of controlling the refrigerant circuit to be
operated in either the supercritical operation or
the subcritical operation on the basis of decision
in the step of deciding an operation.
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