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(54) CONTROLLERFORUSE WITH AWASTE HEAT RECOVERY REFRIGERATION UNIT SYSTEM,

CONTROL METHOD, AND PROGRAM

(57)  Object

To provide a method for improving the overall effi-
ciency of arefrigeration unit and aloading device utilizing
its waste heat.

Solving Means

A controller is a controller of a waste heat recovery
refrigeration unit system including a first waste heat re-
covery device that supplies, to an air conditioner, heat
recovered by exchanging heat with a first refrigerant cir-
culating through a refrigerant circuit of a refrigeration unit
that cools a refrigerated showcase and/or a second re-
frigerant circulating through a refrigerant circuit of a re-
frigeration unit that cools a freezer showcase, and a sec-
ond waste heat recovery device that supplies, to a water
heater, heat recovered by exchanging heat with the first
refrigerant and/or the second refrigerant, and the con-
troller controls whether each of the first waste heat re-
covery device and the second waste heat recovery de-
vice exchanges heat with the first refrigerant and whether
each of the first waste heat recovery device and the sec-
ond waste heat recovery device exchanges heat with the
second refrigerant, according to an outside temperature.

30 100
29 =31 4

3
2 el BN
~~1-352 -351a_351
_L@_ﬂ = o ar
[~—353  CONDITIONER

o0
i
T
|

REFRIGERATED
SHOWCASE

333
32— 5]
l:\334J34
= TOAR
v i iag %‘\335 U354 CONDITIONER

/ g

T
336 0 600

~-40

TAP WATER

FREEZER
SHOWCASE

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 246 058 A1 2

Description
Technical Field

[0001] The presentinvention relates to a controller, a
waste heat recovery refrigeration unit system, a control
method, and a program.

Background Art

[0002] Patent Document 1 discloses a heat pump sys-
tem including a refrigeration unit including a variable ca-
pacity compressor and an evaporator, a water medium
circuit that recovers waste heat of a refrigerant circuit by
exchanging heat with a refrigerant circulating through the
refrigerant circuit of the refrigeration unit, and an auxiliary
heat source that heats a water medium circulating
through the water medium circuit, and control of causing
the auxiliary heat source to perform operation when a
difference between an outlet temperature of the water
medium in the refrigerant-water heat exchanger and a
target outlet temperature is equal to or greater than a
threshold value in the heat pump system. According to
the heat pump system disclosed in Patent Document 1,
waste heat of the refrigerant circuit recovered by the wa-
ter medium circuit can be supplied to loads such as heat-
ing and hot-water supply.

[0003] PatentDocument 1 mentionsoperationinwhich
a refrigeration unit and a water heater or a refrigeration
unit and heating are combined, but does not mention a
condition under which use of waste heat of a refrigeration
unit for operation of heating, hot-water supply, or the like
allows operation of the entire system including the refrig-
eration unit and the heating to be made efficient.

Citation List
Patent Literature

[0004]
5400177

Patent Document 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0005] There is a demand for a method for improving
the overall efficiency of a system including a refrigeration
unitand aloading device (an air conditioner, a water heat-
er, or the like) utilizing its waste heat.

[0006] Therefore, an object of the present invention is
to provide a controller, a waste heat recovery refrigera-
tion unit system, a control method, and a program that
can solve the above-described problems.

Solution to Problem

[0007] According to one aspect of the present disclo-
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sure, a controller is a controller of a waste heat recovery
refrigeration unit system including a first waste heat re-
covery device thatrecovers heat by exchanging heat with
a first refrigerant circulating through a refrigerant circuit
of a first refrigeration unit that cools a refrigerating cham-
ber and/or a second refrigerant circulating through a re-
frigerant circuit of a second refrigeration unit that cools
a freezing chamber, and supplies, to an air conditioning
unit, the heathaving beenrecovered, and a second waste
heat recovery device that recovers heat by exchanging
heat with the first refrigerant and/or the second refriger-
ant, and supplies, to a hot-water supply unit, the heat
having been recovered, the waste heat recovery refrig-
eration unit system being configured such that the first
waste heat recovery device can switch whether to ex-
change heat with each of the first refrigerant and the sec-
ond refrigerant, and the second waste heat recovery de-
vice can switch whether to exchange heat with each of
the first refrigerant and the second refrigerant, the con-
troller including a heat recovery control unit that controls
whether each of the first waste heat recovery device and
the second waste heat recovery device exchanges heat
with the first refrigerant and whether each of the first
waste heat recovery device and the second waste heat
recovery device exchanges heat with the second refrig-
erant, according to an outside temperature.

[0008] According to one aspect of the present disclo-
sure, a waste heat recovery refrigeration unit system in-
cludes: a first refrigeration unit that cools a refrigerating
chamber; a second refrigeration unit that cools the freez-
ing chamber; an air conditioning unit; a hot-water supply
unit; a first waste heat recovery device including a first
heat exchange circuit that exchanges heat between a
firstrefrigerant circulating through afirst refrigerant circuit
of the first refrigeration unit and a first water medium, a
second heat exchange circuit that exchanges heat be-
tween a second refrigerant circulating through a second
refrigerant circuit of the second refrigeration unit and the
first water medium, a circuit that supplies heat of the first
water medium subjected to heat exchange to the air con-
ditioning unit, a valve that is provided in the first heat
exchange circuit and switches whether the first water me-
dium flows through the first heat exchange circuit, and a
valve thatis provided in the second heat exchange circuit
and switches whether the first water medium flows
through the second heat exchange circuit; a second
waste heat recovery device including a third heat ex-
change circuit that exchanges heat between the first re-
frigerant and a second water medium, a fourth heat ex-
change circuit that exchanges heat between the second
refrigerant and the second water medium, a circuit that
supplies heat of the second water medium subjected to
heat exchange to the hot-water supply unit, a valve that
is provided in the third heat exchange circuitand switches
whether the second water medium flows through the third
heat exchange circuit, and a valve that is provided in the
fourth heat exchange circuit and switches whether the
second water medium flows through the fourth heat ex-
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change circuit; and the controller according to any one
of claims 1 to 5.

[0009] According to one aspect of the present disclo-
sure, a control method is a control method of a waste
heat recovery refrigeration unit system including a first
waste heat recovery device that recovers heat by ex-
changing heat with a first refrigerant circulating through
a refrigerant circuit of a first refrigeration unit that cools
a refrigerating chamber and/or a second refrigerant cir-
culating through a refrigerant circuit of a second refrig-
eration unit that cools a freezing chamber, and supplies,
to an air conditioning unit, the heat having been recov-
ered, and a second waste heat recovery device that re-
covers heat by exchanging heat with the first refrigerant
and/or the second refrigerant, and supplies, to a hot-wa-
ter supply unit, the heat having been recovered, the waste
heat recovery refrigeration unit system being configured
such that the first waste heat recovery device can switch
whetherto exchange heat with each of the first refrigerant
and the second refrigerant, and the second waste heat
recovery device can switch whether to exchange heat
with each of the first refrigerant and the second refriger-
ant, the control method including controlling whether
each of the first waste heat recovery device and the sec-
ond waste heat recovery device exchanges heat with the
first refrigerant and whether each of the first waste heat
recovery device and the second waste heat recovery de-
vice exchanges heat with the second refrigerant, accord-
ing to an outside temperature.

[0010] According to one aspect of the present disclo-
sure, a program causes a computer to execute process-
ing of a control method of a waste heat recovery refrig-
eration unit system including a first waste heat recovery
device that recovers heat by exchanging heat with a first
refrigerant circulating through a refrigerant circuit of a
first refrigeration unit that cools a refrigerating chamber
and/or a second refrigerant circulating through a refrig-
erant circuit of a second refrigeration unit that cools a
freezing chamber, and supplies, to an air conditioning
unit, the heat having beenrecovered, and a second waste
heat recovery device that recovers heat by exchanging
heat with the first refrigerant and/or the second refriger-
ant, and supplies, to a hot-water supply unit, the heat
having been recovered, the waste heat recovery refrig-
eration unit system being configured such that the first
waste heat recovery device can switch whether to ex-
change heat with each of the first refrigerant and the sec-
ond refrigerant, and the second waste heat recovery de-
vice can switch whether to exchange heat with each of
the first refrigerant and the second refrigerant, the
processing being processing of controlling whether each
of the first waste heat recovery device and the second
waste heat recovery device exchanges heat with the first
refrigerant and whether each of the first waste heat re-
covery device and the second waste heat recovery de-
vice exchanges heat with the second refrigerant, accord-
ing to an outside temperature.
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Advantageous Effects of Invention

[0011] According to the controller, the waste heat re-
covery refrigeration unit system, the control method, and
the program of the present disclosure, the overall oper-
ation efficiency of a system including a refrigeration unit
and a loading device can be improved utilizing its waste
heat.

Brief Description of Drawings
[0012]

FIG. 1 is a view illustrating an example of a waste
heat recovery refrigeration unit system according to
an embodiment.

FIG. 2 is a view illustrating an example of a system
controller according to the embodiment.

FIG. 3A is a first flowchart showing an example of
waste heat recovery control according to the embod-
iment.

FIG. 3B is a second flowchart showing an example
of waste heat recovery control according to the em-
bodiment.

FIG. 4 is aview illustrating an example of a hardware
configuration of the system controller according to
the embodiment.

Description of Embodiments
Embodiments

[0013] Hereinafter, a waste heat recovery refrigeration
unit system according to one embodiment of the present
disclosure will be described with reference to FIGS. 1 to 4.

Configuration

[0014] FIG. 1 is a view illustrating an example of the
waste heat recovery refrigeration unit system according
to the embodiment. A waste heat recovery refrigeration
unit system 100 is used in a store such as a supermarket,
and includes a refrigeration unit 1a that cools a refriger-
ated showcase, arefrigeration unit 1b that cools a freezer
showcase, an air conditioning unit 30, a hot-water supply
unit 40, a waste heat recovery device 10 that recovers
waste heat of the refrigeration unit 1a and the refrigera-
tion unit 1b and supplies the waste heat to the hot-water
supply unit 40 of the store, a waste heat recovery device
20 that recovers waste heat of the refrigeration unit 1a
and the refrigeration unit 1b and supplies the waste heat
to the air conditioning unit 30 of the store, a system con-
troller 50, and temperature sensors 60a to 60d. The tem-
perature sensors 60a to 60d measure outside tempera-
tures. The outside temperature is an ambient tempera-
ture of a site where each device of the refrigeration units
1a and 1b, the air conditioner of the air conditioning unit
30, and a water heater 41 is installed. The temperature
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sensor 60a is provided near the installation site of the
refrigeration unit 1a and measures the ambient temper-
ature of the refrigeration unit 1a. The temperature sensor
60b is provided near the installation site of the refrigera-
tion unit 1b and measures the ambient temperature of
the refrigeration unit 1b. The temperature sensor 60c is
provided near an installation site of an air conditioner not
illustrated and measures the ambient temperature of the
air conditioner. The temperature sensor 60d is provided
near the installation site of the water heater 41 and meas-
ures the ambienttemperature of the water heater41. The
outside temperature measured by the temperature sen-
sor 60a is transmitted to a control unit 7a and the system
controller 50. The outside temperature measured by the
temperature sensor 60b is transmitted to a control unit
7b and the system controller 50. The outside temperature
measured by the temperature sensor 60c is transmitted
to a control unit 35 and the system controller 50. The
outside temperature measured by the temperature sen-
sor 60d is transmitted to a control unit 46 and the system
controller 50.

[0015] The refrigeration unit 1a includes a compressor
2a,agascooler 3a, an expansion valve 4a, an evaporator
5a, arefrigerant pipe 6a connecting them, and the control
unit 7a. The compressor 2a compresses and discharges
the refrigerant. A heat exchanger 11a of the waste heat
recovery device 10 and a heat exchanger 21a of the
waste heat recovery device 20 are connected (inserted)
between the compressor 2a and the gas cooler 3a, and
the refrigerant of the refrigeration unit 1a flows through
the heat exchanger 11a and the heat exchanger 21a. In
the heat exchanger 11a, heat of the high-temperature
and high-pressure refrigerant is recovered by the refrig-
erant (water) in the waste heat recovery device 10 and
supplied to the hot-water supply unit 40. In the heat ex-
changer 21a, heat of the high-temperature and high-
pressure refrigerant is recovered by the refrigerant (wa-
ter) of the waste heat recovery device 20 and supplied
to the air conditioning unit 30. The refrigerant that has
passed through the heat exchanger 11a and the heat
exchanger 21a exchanges heat with air in the gas cooler
3a to radiate heat, and is condensed. The condensed
refrigerant is decompressed and expanded by the ex-
pansion valve 4a and supplied to the evaporator 5a. The
refrigerant supplied to the evaporator 5a absorbs heat of
the refrigerated showcase to cool air in the refrigerated
showcase. The refrigerant vaporized in the evaporator
5a is sucked into the compressor 2a. The refrigerant is
compressed by the compressor 2a and circulates
through the above path again. As the refrigerant of the
refrigeration unit 1a, for example, CO, is used. The CO,
refrigerant enters a supercritical state in a normal tem-
perature range of about 31 °C. When the outside tem-
perature measured by the temperature sensor 60a be-
comes equal to or greater than a predetermined thresh-
old value, or when heat is recovered by the waste heat
recovery device 10 or the waste heat recovery device
20, the control unit 7a operates in a state where the CO,
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refrigerant becomes supercritical at high pressure, and
otherwise operates in a state where the high pressure
becomes subcritical.

[0016] The refrigeration unit 1b includes a compressor
2b, a gascooler 3b, an expansion valve 4b, an evaporator
5b, arefrigerant pipe 6b connecting them, and the control
unit 7b. The compressor 2b compresses and discharges
the refrigerant. A heat exchanger 11b of the waste heat
recovery device 10 and a heat exchanger 21b of the
waste heat recovery device 20 are connected (inserted)
between the compressor 2b and the gas cooler 3b, and
the refrigerant of the refrigeration unit 1b flows through
the heat exchanger 11b and the heat exchanger 21b. In
the heat exchanger 11b, heat of the high-temperature
and high-pressure refrigerant is recovered by the refrig-
erant (water) in the waste heat recovery device 10 and
supplied to the hot-water supply unit 40. In the heat ex-
changer 21b, heat of the high-temperature and high-
pressure refrigerant is recovered by the refrigerant (wa-
ter) of the waste heat recovery device 20 and supplied
to the air conditioning unit 30. The refrigerant that has
passed through the heat exchanger 11b and the heat
exchanger 21b exchanges heat with air in the gas cooler
3b to radiate heat, and is condensed. The condensed
refrigerant is decompressed and expanded by the ex-
pansion valve 4b and supplied to the evaporator 5b. The
refrigerant supplied to the evaporator 5b absorbs heat of
the freezer showcase to cool air in the freezer showcase.
The refrigerant vaporized in the evaporator 5b is sucked
into the compressor 2b. The CO, refrigerant is com-
pressed by the compressor 2b and circulates through the
above path again. As the refrigerant of the refrigeration
unit 1b, for example, CO, is used. When the outside tem-
perature measured by the temperature sensor 60b be-
comes equal to or greater than a predetermined thresh-
old value, the control unit 7b operates in a state where
the CO, refrigerant becomes supercritical at high pres-
sure, and otherwise operates in a state where the high
pressure becomes subcritical. Similarly to the case of the
refrigeration unit 1a, when heat is recovered by the waste
heat recovery device 10 or the waste heat recovery de-
vice 20, the control unit 7b may operate in a state of
supercritical at high pressure regardless of the outside
temperature measured by the temperature sensor 60b.
Comparing the refrigeration units 1a and 1b, the evapo-
ration temperature is higher in the refrigeration unit 1a,
and the refrigeranttemperature at high pressure is higher
in the refrigeration unit 1b.

[0017] The waste heatrecovery device 10 includes the
heat exchanger 11a, the heat exchanger 11b, a pump
13, a heat exchanger 14, a pipe 15a that branches from
a pipe 15b and is connected to the heat exchanger 11a
on an upstream side in the flow direction of a water me-
dium relative to the heat exchanger 11b and is connected
to the pipe 15b on a downstream side in the flow direction
of the water medium of the heat exchanger 11b, a valve
12a provided in the pipe 15a, the pipe 15b connecting
the heat exchanger 11b, the pump 13, and the heat ex-



7 EP 4 246 058 A1 8

changer 14 and allowing the water medium to circulate
among them, a valve 12b provided between a branching
point to the pipe 15a on the upstream side in the flow
direction of the water medium of the pipe 15b and the
heat exchanger 11b, and a control unit 16. The control
unit 16 controls start and stop of the pump 13 and open
and close of the valve 12a and the valve 12b. (1) When
the pump 13 is started, the valve 12a enters an open
state, and the valve 12b enters a close state, the water
medium circulates through the pipe 15a, and absorbs
heat from the CO, refrigerant of the refrigeration unit 1a
in the heat exchanger 11a, so that the temperature of the
water medium increases. The water medium with risen
temperature flows through the pipe 15a, merges to the
pipe 15b, flows through the pipe 15b to reach the heat
exchanger 14, and in the heat exchanger 14, heat is ex-
changed between the water medium flowing through the
pipe 15b and the water medium on the hot-water supply
unit 40 side to raise the temperature of the water medium
on the hot-water supply unit 40 side. (2) When the pump
13 is started, the valve 12a enters a close state, and the
valve 12b enters an open state, the water medium circu-
lates through the pipe 15b, and absorbs heat from the
CO, refrigerant of the refrigeration unit 1b in the heat
exchanger 11b, so that the temperature of the water me-
dium increases. The water medium with risen tempera-
ture flows through the pipe 15b to reach the heat ex-
changer 14, and in the heat exchanger 14, heat is ex-
changed between the water medium flowing through the
pipe 15b and the water medium on the hot-water supply
unit 40 side to raise the temperature of the water medium
on the hot-water supply unit 40 side. (3) When the pump
13 is started, the valve 12a enters an open state, and the
valve 12b enters an open state, heat is exchanged in
both the heat exchanger 11a and the heat exchanger
11b, the temperature of the water medium flowing
through the waste heat recovery device 10 rises, and the
temperature of the water medium on the hot-water supply
unit 40 side is raised in the heat exchanger 14.

[0018] The waste heatrecovery device 20 includes the
heat exchanger 21a, the heat exchanger 21b, a pump
23, a pipe 24b that branches from a pipe 24a and is con-
nected to the heat exchanger 21b on an upstream side
in the flow direction of the water medium relative to the
heat exchanger 21a and is connected to the pipe 24a on
a downstream side in the flow direction of the water me-
dium of the heat exchanger 21a, a valve 22b provided
on the pipe 24b, the pipe 24a connecting the heat ex-
changer 21a, the pump 23, and the air conditioning unit
30 side and allowing the water medium to circulate
among them, a valve 22a provided between a branching
point to the pipe 24b on the upstream side in the flow
direction of the water medium of the pipe 24a and the
heat exchanger 21a, and a control unit 25. The control
unit 25 controls start and stop of the pump 23 and open
and close of the valve 22a and the valve 22b. (1) When
the pump 23 is started, the valve 22a enters an open
state, and the valve 22b enters a close state, the water
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medium circulates through the pipe 24a and the air con-
ditioning unit 30, and absorbs heat from the CO, refrig-
erant of the refrigeration unit 1a in the heat exchanger
21a, so that the temperature of the water medium in-
creases. The water medium with risen temperature flows
through the pipe 24a to reach a tank 33 of the air condi-
tioning unit 30, the hot water in the tank 33 is supplied to
the air conditioner not illustrated, and the water returning
from the air conditioner reaches a tank 32. The pump 23
of the waste heat recovery device 20 sucks water from
the tank 32 of the air conditioning unit 30 and sends the
water to the heat exchanger 21a. (2) When the pump 23
is started, the valve 22a enters a close state, and the
valve 22b enters an open state, the water medium reach-
es the heat exchanger 21b through the pipe 24b, and
absorbs heat from the CO,, refrigerant of the refrigeration
unit 1binthe heatexchanger 21b, so that the temperature
of the water medium increases. The water medium with
risen temperature flows through the pipe 24b, merges
with the pipe 24a, reaches the tank 33 of the air condi-
tioning unit 30, and is supplied to the air conditioner not
illustrated. The pump 23 sucks water from the tank 32
and sends the water to the heat exchanger 21b. (3) When
the pump 23 is started, the valve 22a enters an open
state, and the valve 22b enters an open state, heat is
exchanged in both the heat exchanger 21a and the heat
exchanger 21b, the temperature of the water medium
flowing through the waste heat recovery device 20 rises,
and the water mediumiis supplied to the tank 33 and used
for air conditioning. The water after being used is sent to
the tank 32, and in the waste heat recovery device 20,
the water in the tank 32 is sent to the heat exchanger
21a and/or the heat exchanger 21b, and the waste heat
of the refrigeration units 1a and 1b is recovered to raise
the temperature of the water medium.

[0019] The air conditioning unit 30 includes a heat
source device 31 for air conditioning, the tank 32, the
tank 33, a pump 34, and the control unit 35. The heat
source device 31 and the tank 32 are connected via a
pipe 352. The heat source device 31 and the tank 33 are
connected via a pipe 353. The tank 33 is connected to
the air conditioner not illustrated via a pipe 354, and by
driving of the pump 34 provided in the pipe 354, the hot
water in the tank 33 is supplied to the air conditioner not
illustrated. The control unit 35 controls the heat source
device 31 and the pump 34. The control unit 35 acquires
and stores information on the amount and temperature
of the hot water stored in the tank 33 and the heat storage
amount. For example, a temperature sensor 331 and a
flow rate sensor 332 are provided in the flow path on the
tank 33 inlet side of the water medium supplied from the
waste heat recovery device 20. A temperature sensor
333 and a flow rate sensor 334 are provided in the flow
path on the tank 33 inlet side of the water medium sup-
plied from the heat source device 31. A temperature sen-
sor 335 and a flow rate sensor 336 are provided in the
flow path on the tank 33 outlet side of the hot water to be
supplied to the air conditioner not illustrated. A temper-
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ature sensor 321 is provided in the flow path from the
tank 32 to the pump 23, a temperature sensor 322 is
provided in the flow path from the tank 32 to the heat
source device 31, and a temperature sensor 351a s pro-
vided in the flow path of a pipe 351. The control unit 35
acquires the temperatures measured by the temperature
sensors 321, 322, 331, 333, 335, and 351a and the flow
rates measured by the flow rate sensors 332, 334, and
336. The control unit 35 acquires and stores the temper-
ature measured by the temperature sensor 335 at each
time as information on the temperature of the hot water
stored in the tank 33. The control unit 35 acquires and
stores, as information on the amount of hot water stored
in the tank 33, a value obtained by temporally adding a
value obtained by subtracting the flow rate measured by
the flow rate sensor 336 from the sum of the flow rate
measured by the flow rate sensor 332 and the flow rate
measured by the flow rate sensor 334 at each time. The
control unit 35 calculates the waste heat recovery amount
by (temperature measured by the temperature sensor
331 at each time - temperature measured by the temper-
ature sensor 321 at each time) X flow rate measured by
the flow rate sensor 332 at each time, and calculates the
output from the heat source device 31 by (temperature
measured by the temperature sensor 333 at each time -
temperature measured by the temperature sensor 322
at each time) X flow rate measured by the flow rate sen-
sor 334 at each time. The control unit 35 calculates the
amount of heat actually consumed on the load side by
(temperature measured by the temperature sensor 335
at each time - temperature measured by the temperature
sensor 351a at each time) X flow rate measured by the
flow rate sensor 336 at each time. The control unit 35
calculates the heat storage amount of the tank 33 by
temporally adding a value obtained by subtracting the
amount of heat actually consumed on the load side from
the sum of the calculated waste heat recovery amount
and the output from the heat source device 31. The con-
trol unit 35 operates the heat source device 31 according
to an operation mode (cooling, heating, stopping, and
the like) or the load of the air conditioner. For example,
when the air conditioner is in a heating mode, the heat
source device 31 heats the water in the tank 32 and sup-
plies the hot water after heated to the tank 33. Hot water
generated by the heat source device 31 and hot water
whose heat is recovered by the waste heat recovery de-
vice 20 are supplied to the tank 33. The hot water in the
tank 33 is supplied to the air conditioner not illustrated,
releases heat by a fan coil unit or the like of the air con-
ditioner, and the water medium having a low temperature
is returned to the tank 32 through the pipe 351. The tem-
perature of the water medium returned to the tank 32 is
raised by the heat source device 31 and the waste heat
recovery device 20, and the hot water after the temper-
ature rise is stored in the tank 33. The control unit 35
adjusts the operation load of the heat source device 31
according to the amount and temperature of the hot water
stored in the tank 33. For example, even when the set
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temperature of heating is the same, the heat source de-
vice 31 is operated at a high load when the amount of
hot water stored in the tank 33 is small as compared with
the case where the heat storage amount of the tank 33
is large, and the heat source device 31 is operated with
the load reduced (heat storage is used) when the heat
storage amount of the tank 33 is large. When the outside
temperature measured by the temperature sensor 60c
is high, the heat source device 31 can be operated at a
load higher than the load required by the air conditioner
to generate a large amount of high-temperature water
medium and store excess hot water in the tank 33. The
stored hot water is used, for example, when the outside
temperature decreases. This can reduce the operation
load on the heat source device 31 when the outside tem-
perature decreases. For example, by operating with a
slightly increased load while the outside temperature dur-
ing the day is high (while the operation load is low) to
store excess heat, and using the heat stored in the heat-
ing of the store after the evening, itis possible to improve
the operation efficiency during a predetermined period
(for example, one day).

[0020] The hot-water supply unit 40 includes the water
heater 41, a three-way valve 42, a three-way valve 43,
a tank 44, a pump 45, and a control unit 46. The three-
way valve 42 is connected to a pipe 451, a pipe 452, and
a pipe 454 for water supply. The pipe 452 connects the
three-way valve 42 and the tank 44, and the heat ex-
changer 14 of the waste heat recovery device 10 is pro-
vided in the middle thereof. The pipe 454 connects the
three-way valve 42 and the water heater 41. A pipe 453
branches from the pipe 454, and the pipe 453 connects
the branching point of the pipe 454 and the three-way
valve 43. The pipe 456 connects the tank 44 and the
three-way valve 43. A remaining port of the three-way
valve 43 is connected to a pipe 457 for supplying hot
water. The water heater41 and the tank 44 are connected
by a pipe 455. Tap water supplied through the pipe 451
is divided by the three-way valve 42 and supplied to the
water heater 41 through the pipe 454. The water heater
41 boils the tap water, and supplies the hot water to the
tank 44 through the pipe 455. On the other hand, the tap
water divided by the three-way valve 42 and sent to the
pipe 452 exchanges heat with the water refrigerant flow-
ing through the waste heat recovery device 10 in the heat
exchanger 14 to absorb heat, and is sent to the tank 44.
Hot water generated by the water heater 41 and hotwater
with heat recovered by the waste heat recovery device
10 are supplied to the tank 44. The hot water stored in
the tank 44 flows through the pipe 456, is mixed with tap
water supplied through the pipe 453 at the three-way
valve 43, and is then supplied to equipment using hot
water through the pipe 457. The pipe 457 is provided with
the pump 45, and the hot water is supplied to the load
side by driving of the pump 45. The control unit 46 oper-
ates the water heater 41 and stores the hot water in the
tank 44 according to a demand for hot water. The control
unit 46 acquires and stores information on the amount
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and temperature of the hot water stored in the tank 44
and the heat storage amount. A temperature sensor 441
and a flow rate sensor 442 are provided in the flow path
on the tank 44 inlet side of the water medium subjected
to heat exchange in the heat exchanger 14 of the waste
heatrecovery device 10, forexample. Atemperature sen-
sor 443 and a flow rate sensor 444 are provided in the
flow path on the tank 44 inlet side of the water medium
supplied from the water heater 41. A temperature sensor
445 and a flow rate sensor 446 are provided in the flow
path on the hot water outlet side of the tank 44. The con-
trol unit 46 acquires the temperatures measured by the
temperature sensors 441,443, and 445 and the flow rates
measured by the flow rate sensors 442, 444, and 446.
The control unit 46 acquires and stores the temperature
measured by the temperature sensor 445 at each time
as information on the temperature of the hot water stored
in the tank 44. The control unit 46 acquires and stores,
as information on the amount of hot water stored in the
tank 44, a value obtained by temporally adding a value
obtained by subtracting the flow rate measured by the
flow rate sensor 446 from the sum of the flow rate meas-
ured by the flow rate sensor 442 and the flow rate meas-
ured by the flow rate sensor 444 at each time. The control
unit 46 calculates the heat storage amount of the tank
44 by temporally adding a value obtained by multiplying
a value obtained by subtracting the flow rate measured
by the flow rate sensor 446 from the sum of the flow rate
measured by the flow rate sensor 442 and the flow rate
measured by the flow rate sensor 444 at each time by a
temperature difference between a predetermined refer-
ence temperature and the temperature measured by the
temperature sensor 445. The control unit 46 adjusts an
operation load of the water heater 41 according to the
amount, temperature, and heat storage amount of the
hot water stored in the tank 44. For example, when hot
water with temperature raised by the heat exchanger 14
is supplied to the tank 44, the control unit 46 reduces the
load on the water heater 41 according to the heat storage
amount of the hot water with heat recovered by the waste
heat recovery device 10 (heat storage is used). For ex-
ample, when the outside temperature measured by the
temperature sensor 60d is high, the water heater 41 can
be operated at a load higher than a required load to gen-
erate a large amount of hot water and store excess hot
water in the tank 44. The stored hot water is used when
there is a large demand for hot water or when the outside
temperature or the water temperature measured by the
temperature sensor 60d is low. This can reduce the op-
eration load on the water heater 41 at the time of high
load.

[0021] The waste heat recovery refrigeration unit sys-
tem 100 illustrated in FIG. 1 schematically illustrates a
basic configuration, and may further include other con-
stituent elements. For example, in FIG. 1, the heat ex-
changers 11a and 21a and the like incorporated in the
refrigeration units 1a and 1b are provided one for each
of the air conditioning unit 30 and the hot-water supply
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unit 40, but a plurality of heat exchangers may be incor-
porated in for each of the refrigeration units 1a and 1b.

[0022] FIG. 2 is a view illustrating an example of the
system controller according to the embodiment. The sys-
tem controller 50 is connected to the control units 7a, 7b,
16, 25, 35, and 46 and the temperature sensor 60 of FIG.
1. The system controller 50 communicates with the con-
trol units 7a, 7b, 16, 25, 35, and 46 to control the opera-
tions of the refrigeration units 1a and 1b, the waste heat
recovery devices 10 and 20, the air conditioning unit 30,
and the hot-water supply unit 40 so as to improve the
efficiency of the entire waste heat recovery refrigeration
unit system 100. The system controller 50 includes an
outside temperature acquisition unit 51, a determination
unit 52, a first refrigeration unit control unit 53, a second
refrigeration unit control unit 54, a first heat recovery con-
trol unit 55, a second heat recovery control unit 56, an
air conditioning unit control unit 57, a hot-water supply
unit control unit 58, and a storage and memory unit 59.

[0023] The outside temperature acquisition unit 51 ac-
quires the outside temperature measured by each of the
temperature sensors 60a to 60d.

[0024] The determination unit 52 makes a determina-
tion related to the waste heat recovery control from the
refrigeration units 1a and 1b based on a predetermined
setting. The predetermined setting defines under what
condition the waste heat recovered from the refrigeration
units 1a and 1b is used for heating or hot-water supply,
and under what condition the waste heat is not used. This
setting includes setting of a condition for improving the
operation efficiency of the entire waste heat recovery re-
frigeration unit system 100. To improve the operation ef-
ficiency is, for example, to operate while reducing the
energy consumption of the waste heat recovery refriger-
ation unit system 100 as much as possible. For example,
in a case where the refrigeration units 1a and 1b are
operated in accordance with respective loads in an en-
vironment where the outside temperature measured by
the temperature sensor 60a or the like is equal to or higher
than X1 °C, and in a case where the efficiency of the
entire system can be improved by using the waste heat
of the refrigeration units 1a and 1b rather than by inde-
pendently operating the air conditioning unit 30 and the
hot-water supply unit 40 without operating the waste heat
recovery devices 10 and 20, the determination unit 52
determines operating the waste heat recovery devices
10 and 20 when the outside temperature becomes equal
to or higher than X1 °C. An example of this determination
will be described later with reference to FIGS. 3A and
3B. The determination unit 52 acquires information re-
garding the state of each device acquired from the control
units 7a, 7b, 16, 25, 35, and 46 through the first refriger-
ation unit control unit 53, the second refrigeration unit
control unit 54, the first heat recovery control unit 55, the
second heat recovery control unit 56, the air conditioning
unit control unit 57, and the hot-water supply unit control
unit 58, and makes those determinations.

[0025] The first refrigeration unit control unit 53 com-



13 EP 4 246 058 A1 14

municates with the control unit 7a of the refrigeration unit
1a to acquire the operation mode of the refrigeration unit
1a. The first refrigeration unit control unit 53 instructs the
operation mode of the refrigeration unit 1a to the control
unit 7a. For example, in a case where the loads of the
air conditioning unit 30 and the hot-water supply unit 40
are high and the efficiency of the entire waste heat re-
covery refrigeration unit system 100 is improved rather
by increasing the waste heat recovery amount, the first
refrigeration unit control unit 53 instructs the control unit
7a to increase the operation load. Upon instruction to
increase the operation load, the control unit 7a increases
the rotation speed of the compressor 2a and increases
the discharge temperature of the CO,, refrigerant so as
to increase the amounts of heat exchange in the heat
exchangers 11a and 21a.

[0026] The second refrigeration unit control unit 54
communicates with the control unit 7b of the refrigeration
unit 1b to acquire the operation mode of the refrigeration
unit 1b. The second refrigeration unit control unit 54 in-
structs the operation mode of the refrigeration unit 1b to
the control unit 7b. For example, in a case where the
loads of the air conditioning unit 30 and the hot-water
supply unit 40 are high and the efficiency of the entire
waste heat recovery refrigeration unit system 100 is im-
proved rather by increasing the waste heat recovery
amount, the second refrigeration unit control unit 54 in-
structs the control unit 7b to increase the operation load.
Upon instruction to increase the operation load, the con-
trol unit 7b increases the rotation speed of the compres-
sor 2a and increases the discharge temperature of the
CO, refrigerant so as to increase the amounts of heat
exchange in the heat exchangers 11b and 21b.

[0027] The first heat recovery control unit 55 commu-
nicates with the control unit 16 of the waste heat recovery
device 10 to acquire information regarding an operation
state of the waste heat recovery device 10, for example,
whether the pump 13 is activated or stopped, whether
valves 12a and 12b are in an open state or in a close
state, and whether the temperature of the water refriger-
ant on the outlet side or the inlet side of the pump 13
reaches a target temperature. The first heat recovery
control unit 55 controls the operation of the waste heat
recovery device 10. For example, when the hot-water
supply unit 40 is stopped and there is no need to supply
the waste heat of the refrigeration units 1a and 1b, the
first heat recovery control unit 55 instructs the control unit
16 to stop the pump 13. The control unit 16 stops the
pump 13 based on this instruction. For example, when
the waste heat of the refrigeration unit 1a for refrigeration
is not supplied to the hot-water supply unit 40, the first
heat recovery control unit 55 instructs the control unit 16
to stop the waste heat recovery from the refrigeration unit
1a. Based on this instruction, the control unit 16 controls
the pump 13 to be in an operating state, the valve 12a
to be in a close state, and the valve 12b to be in an open
state. For example, when the temperature of the water
refrigerant is lower than the target temperature, the first
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heat recovery control unit 55 instructs an increase in the
rotation speed of the pump 13, and the control unit 16
controls the pump 13 based on this instruction.

[0028] The second heat recovery control unit 56 com-
municates with the control unit 25 of the waste heat re-
covery device 20 to acquire information regarding an op-
eration state of the waste heat recovery device 20, for
example, whether the pump 23 is activated or stopped,
whether valves 22a and 22b are in an open state orin a
close state, and whether the temperature of the water
refrigerant on the outlet side or the inlet side of the pump
23 reaches a target temperature. The second heat re-
covery control unit 56 controls the operation of the waste
heat recovery device 20. For example, when there is no
need to supply the waste heat of the refrigeration units
1a and 1b, such as when the air conditioning unit 30 is
stopped or performing cooling operation, the second heat
recovery control unit 56 instructs the control unit 25 to
stop the pump 23. The control unit 25 stops the pump 23
based on this instruction. For example, when the waste
heat of the refrigeration unit 1a for refrigeration is not
supplied to the air conditioning unit 30, the second heat
recovery control unit 56 instructs the control unit 25 to
stop the waste heat recovery from the refrigeration unit
1a. Based on this instruction, the control unit 25 controls
the pump 23 to be in an operating state, the valve 22a
to be in a close state, and the valve 22b to be in an open
state. For example, when the temperature of the water
refrigerant is lower than the target temperature, the sec-
ond heat recovery control unit 56 instructs an increase
in the rotation speed of the pump 23, and the control unit
25 controls the pump 23 based on this instruction.
[0029] The air conditioning unit control unit 57 commu-
nicates with the control unit 35 to acquire information
regarding an operation state of the air conditioning unit
30, for example, whether the air conditioning unit 30 is
performing the cooling operation, performing the heating
operation, stopped, performing an operation using the
recovered waste heat, performing an operation for heat
storage, and the water temperature and the water
amount of the tank 33. The air conditioning unit control
unit 57 controls the air conditioning unit 30. For example,
when the outside temperature measured by the temper-
ature sensor 60c is high, the air conditioning unit control
unit 57 instructs the control unit 35 to store heat to the
tank 33 in addition to the response to the air conditioning
load. For example, the air conditioning unit control unit
57 instructs the control unit 35 to perform the operation
using the waste heat recovered by the waste heat recov-
ery device 20. For example, in the air conditioning unit
30, a control method in a case of utilizing waste heat is
determined in advance, and the control unit 35 executes
an operation using the waste heat based on this control
method.

[0030] The hot-water supply unit control unit 58 com-
municates with the control unit 46 to acquire information
regarding an operation state of the hot-water supply unit
40, for example, whether the hot-water supply unit 40 is
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operating, stopped, performing an operation using waste
heat, performing an operation for heat storage, and the
water temperature and the water amount of the tank 44.
The hot-water supply unit control unit 58 controls the hot-
water supply unit40. For example, when the outside tem-
perature measured by the temperature sensor 60d is
high, the hot-water supply unit control unit 58 instructs
the control unit 46 to store heat to the tank 44 in addition
to the response to the hot-water supply load. For exam-
ple, the hot-water supply unit control unit 58 instructs the
control unit 46 to perform the operation utilizing the waste
heat recovered by the waste heat recovery device 10.
For example, in the hot-water supply unit 40, a control
method for using waste heat is determined in advance,
and the control unit 46 executes an operation using the
waste heat based on this control method.

[0031] The storage and memory unit 59 stores the out-
side temperatures measured by the temperature sensors
60a to 60d acquired by the outside temperature acquisi-
tion unit 51, various programs that exhibit functions of
the system controller 50, determination conditions used
by the determination unit 52, processing process data,
and the like.

Operation

[0032] Next, an example of waste heatrecovery control
for improving the efficiency of the entire waste heat re-
covery refrigeration unit system 100 will be described
with reference to FIGS. 3A and 3B.

(Utilization of waste heat for hot-water supply unit)

[0033] FIG. 3Ais a first flowchart showing an example
of the waste heat recovery control according to the em-
bodiment.

[0034] First, the determination unit 52 determines
whether the model of the water heater 41 is a heat pump
type (step S1). The heat pump type water heater 41 orig-
inally has high operation efficiency. On the other hand,
when the water heater 41 is an electric heating wire unit
driven by electricity, a boiler using fossil fuel, or the like,
the operation efficiency tends to be lower than that of the
heat pump type water heater 41. In the case of the water
heater 41 other than the heat pump type, there is a case
where the overall system efficiency is improved by in-
creasing the operation load of the refrigeration units 1a
and 1b with good operation efficiency, increasing and
recovering the waste heat, and using the recovered
waste heat to operate the water heater 41 rather than
covering all the loads by the water heater 41 with poor
efficiency. Step S1 is a determination condition based on
such an idea. If the model of the water heater 41 is not
the heat pump type (step S1; No), the determination unit
52 determines use of the waste heat of the refrigeration
unit 1a for refrigeration, use of the waste heat of the re-
frigeration unit 1b for freezing, and operation of the water
heater 41 according to the load (step S9). Based on the
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determination of the determination unit 52, the first heat
recovery control unit 55 instructs the control unit 16 to
activate the pump 13 and bring the valve 12a and the
valve 12binto an open state. The control unit 16 activates
the pump 13 and brings the valve 12a and the valve 12b
into an open state. Based on the determination of the
determination unit 52, the hot-water supply unit control
unit 58 instructs the control unit 46 to perform the oper-
ation utilizing the waste heatrecovered by the waste heat
recovery device 10. The control unit 46 operates the wa-
terheater41 inthe instructed mode. Thefirstrefrigeration
unit control unit 53 instructs the control unit 7a to increase
the operation load of the refrigeration unit 1a. The control
unit 7a increases the rotation speed of the compressor
2a to increase the discharge temperature and the dis-
charge pressure of the refrigerant. The second refriger-
ation unit control unit 54 instructs the control unit 7b to
increase the operation load of the refrigeration unit 1b.
The control unit 7b increases the rotation speed of the
compressor 2b to increase the discharge temperature
and the discharge pressure of the refrigerant.

[0035] If the model of the water heater 41 is the heat
pump type (step S1; Yes), the determination unit 52 de-
termines whether a hot-water supply system (hot-water
supply unit 40) has a heat storage tank (tank 44) (step
S2). The determination as to whether there is a heat stor-
age tank includes determination not only whether the
heat storage tank is physically provided but also whether
the temperature and amount of water stored in the heat
storage tank can be used for reducing the load on the
water heater 41. The determination unit 52 determines
whether the hot water in the tank 44 can be used for load
reduction of the water heater 41 based on the amount of
water and the temperature of the hot water in the tank
44 acquired from the control unit 46. For example, when
the water temperature in the tank 44 is equal to or higher
than a predetermined temperature and the amount of
wateris equal to or greater than a predetermined amount,
the determination unit 52 may determine that the hot wa-
ter in the tank 44 can be used for load reduction. If the
hot-water supply unit 40 is physically provided with a heat
storage tank and hot water in the heat storage tank can
be used for reducing the load on the water heater 41, the
determination in step S2 becomes Yes, otherwise No.
[0036] If there is no heat storage tank (step S2; No),
the determination unit 52 determines whether the outside
temperature is equal to or higher than a predetermined
temperature (XX °C) based on the outside temperature
measured by the temperature sensor 60a acquired by
the outside temperature acquisition unit51 (step S4). Re-
gardless of the outside temperature, the high-pressure
refrigerant temperature of the refrigeration unit 1b for
freezing becomes high (temperature at which heat re-
covery is possible). On the other hand, in the refrigeration
unit 1a for refrigeration, if the outside temperature is high,
the operation load is high, and thus the high-pressure
refrigerant temperature becomes high. Meanwhile, if the
outside temperature is low, the high-pressure refrigerant



17 EP 4 246 058 A1 18

temperature does not become sufficiently high enough
to enable heat recovery. In this case, when the refriger-
ation unit 1b is operated so as to increase the high-pres-
sure refrigerant temperature while matching the load re-
quired by the refrigerated showcase in order to use the
waste heat, use of the waste heat becomes possible, but
thereis apossibility that the efficiency of the entire system
is rather lowered. Therefore, when the outside tempera-
ture is lower than the predetermined temperature (XX
°C), only the waste heat of the refrigeration unit 1b for
freezing is used for the hot-water supply unit 40, and the
waste heat is not recovered from the refrigeration unit 1a
for refrigeration. That is, when the outside temperature
is equal to or higher than the predetermined temperature
(XX °C) (step S4; Yes), the determination unit 52 deter-
mines use of the waste heat of the refrigeration unit 1a
for refrigeration, use of the waste heat of the refrigeration
unit 1b for freezing, and operation of the water heater 41
according to the load (step S7). Based on the determi-
nation of the determination unit 52, the first heat recovery
control unit 55 instructs the control unit 16 to activate the
pump 13 and bring the valve 12a and the valve 12b into
an open state. The control unit 16 activates the pump 13
and brings the valve 12a and the valve 12b into an open
state. Based on the determination of the determination
unit 52, the hot-water supply unit control unit 58 instructs
the control unit 46 to perform the operation using the
waste heat of the refrigeration units 1a and 1b recovered
by the waste heat recovery device 10. The control unit
46 operates the water heater 41 in the instructed opera-
tion mode (operation mode for operate the water heater
41 by reducing the load using the waste heat of the re-
frigeration unit 1a and the refrigeration unit 1a).

[0037] When the outside temperature measured by the
temperature sensor 60a is lower than the predetermined
temperature (XX °C) (step S4; No), the determination
unit 52 determines use of none of the waste heat of the
refrigeration unit 1a for refrigeration, use of the waste
heat of the refrigeration unit 1b for freezing, and operation
of the water heater 41 according to the load (step S8).
Based on the determination of the determination unit 52,
the first heat recovery control unit 55 instructs the control
unit 16 to activate the pump 13, bring the valve 12a into
a close state, and bring the valve 12b into an open state.
The control unit 16 activates the pump 13, brings the
valve 12a into a close state, and brings the valve 12b
into an open state. Based on the determination of the
determination unit 52, the hot-water supply unit control
unit 58 instructs the control unit 46 to perform the oper-
ation utilizing the waste heat of the refrigeration unit 1b
recovered by the waste heat recovery device 10. The
control unit 46 operates the water heater 41 in the in-
structed operation mode (using the waste heat of only
the refrigeration unit 1b).

[0038] If there is a heat storage tank (step S2; Yes),
the determination unit 52 determines whether the outside
temperature is equal to or higher than a predetermined
temperature (XX °C) based on the outside temperature
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measured by the temperature sensor 60a acquired by
the outside temperature acquisition unit 51 (step S3). If
the outside temperature is equal to or higher than the
predetermined temperature (XX °C) (step S3; Yes), the
determination unit 52 determines use of the waste heat
of the refrigeration unit 1a for refrigeration and use of the
waste heat of the refrigeration unit 1b for freezing (step
S5). Based on the determination of the determination unit
52, the first heat recovery control unit 55 instructs the
control unit 16 to activate the pump 13 and bring the valve
12a and the valve 12b into an open state. The control
unit 16 activates the pump 13 and brings the valve 12a
and the valve 12b into an open state. When the outside
temperature is lower than the predetermined tempera-
ture (XX °C) (step S3; No), the determination unit 52 de-
termines use of none of the waste heat of the refrigeration
unit 1a for refrigeration, and use of the waste heat of the
refrigeration unit 1b for freezing (step S6). The control
unit 16 activates the pump 13, brings the valve 12a into
aclose state, and brings the valve 12b into an open state.
[0039] If there is a heat storage tank (step S2; Yes),
following steps S5 and S6, the determination unit 52 de-
termines whether the currenttime is atime of day in which
the outside temperature (outside temperature measured
by temperature sensor 60d) is high (step S10). For ex-
ample, the determination unit 52 determines the current
time of 11:00 to 15:00 as time of day in which the outside
temperature is high, and determines other times as time
of day in which the outside temperature is not high. The
time of day in which the outside temperature is high may
be optionally settable for each area and each season. In
a case of the time of day in which the outside temperature
is high (step S10; Yes), the determination unit 52 deter-
mines use of the waste heat of the refrigeration units 1a
and 1b (in accordance with determination in steps S5
and S6), operation of the water heater 41 according to
the hot-water supply load, and further storage of heat
(step S 11). The hot-water supply unit control unit 58
instructs the control unit 46 to store heat into the tank 44
in addition to the response to the hot-water supply load.
The control unit 46 operates the water heater 41 in the
instructed predetermined operation mode (for example,
when the outside temperature is equal to or higher than
XX °C, an operation mode for reducing the load using
the waste heat of the refrigeration unit 1a and the refrig-
eration unit 1b, and increasing the load for heat storage).
[0040] Ifit is not the time of day in which the outside
temperature is high (step S10; No), the determination
unit 52 determines use of the waste heat of the refriger-
ation units 1a and 1b (in accordance with determination
in steps S5 and S6) and operation of the water heater 41
according to the hot-water supply load while using the
heat stored in the heat storage tank (step S12). The hot-
water supply unit control unit 58 instructs the control unit
46 to perform an operation using heat storage. The con-
trol unit 46 operates the water heater 41 in the instructed
predetermined operation mode (for example, when the
outside temperature is lower than XX °C, an operation
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mode for operating the water heater 41 using the waste
heat of the refrigeration unit 1b and the heat storage in
the heat storage tank (tank 44)).

[0041] Following the determination related to the hot-
water supply unit 40, the determination unit 52 makes a
determination related to the air conditioning unit 30. Next,
the waste heat recovery control related to the air condi-
tioning unit 30 will be described with reference to FIG. 3B.
[0042] FIG. 3B is a second flowchart showing an ex-
ample of the waste heat recovery control according to
the embodiment.

[0043] The determination unit 52 determines whether
the air conditioning system (air conditioning unit 30) has
the heat storage tank (tank 33) (step S21). As in the case
of the hot-water supply system, the determination unit 52
determines whether to be able to use the hot water in the
tank 33 for load reduction of the heat source device 31
based on the amount of water in the tank 33 and the
temperature of hot water acquired from the control unit
35, for example, in addition to whether the tank 33 phys-
ically exists. If the air conditioning unit 30 is physically
provided with the heat storage tank and hot water in the
heat storage tank can be used for reducing the load on
the heat source device 31, the determination in step S21
becomes Yes, otherwise No.

[0044] If there is no heat storage tank (step S21; No),
the determination unit 52 determines whether the air con-
ditioning mode of the air conditioning unit 30 is the heating
mode (step S23). The determination unit 52 determines
whether the mode is the heating mode based on the op-
eration mode of the heat source device 31 acquired from
the control unit 35 by the air conditioning unit control unit
57. This determination may be made based on, for ex-
ample, the current season or the outside temperature
measured by the temperature sensor 60c. For example,
the determination unit 52 may determine that the mode
is the heating mode if the current season is winter (may
be spring or autumn) and the outside temperature is
equal to or less than a predetermined value, and that the
mode is not the heating mode if otherwise. Regardless
of the season, the determination unit 52 may determine
that the mode is the heating mode if the outside temper-
ature is less than the predetermined value and that the
mode is not the heating mode if the outside temperature
is equal to or greater than the predetermined value. If not
the heating mode (step S23; No), the determination unit
52 determines use of none of the waste heat of the re-
frigeration unit 1a and the refrigeration unit 1b, and op-
eration of the heat source device 31 according to the air
conditioning load (step S27). Based on the determination
of the determination unit 52, the second heat recovery
control unit 56 instructs the control unit 35 to stop the
pump 23. The control unit 35 stops the pump 23. Based
on the determination of the determination unit 52, the air
conditioning unit control unit 57 instructs the control unit
35 to perform an operation according to the air condition-
ing load (cooling load). The control unit 35 operates the
heat source device 31 in the instructed mode.
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[0045] If the heating mode (step S23; Yes), the deter-
mination unit 52 determines use of the waste heat of the
refrigeration unit 1a and the refrigeration unit 1b, and
operation of the heat source device 31 according to the
air conditioning load (heating load) (step S26). Based on
the determination of the determination unit 52, the sec-
ond heat recovery control unit 56 instructs the control
unit 35 to activate the pump 23 and bring the valve 22a
and the valve 22b into an open state. The control unit 35
activates pump 23 and brings the valve 22a and the valve
22b into an open state. Based on the determination of
the determination unit 52, the air conditioning unit control
unit 57 instructs the control unit 35 to perform an opera-
tion according to the heating load. The control unit 35
operates the heat source device 31 in the instructed
mode.

[0046] If there is a heat storage tank (step S21; Yes),
the determination unit 52 determines whether the air con-
ditioning mode of the air conditioning unit 30 is the heating
mode (step S22). This determination is similar to that in
step S23. If not the heating mode (step S22; No), the
determination unit 52 determines use of none of the
waste heat of the refrigeration unit 1a and the refrigera-
tion unit 1b (step S25). Based on the determination of
the determination unit 52, the second heat recovery con-
trol unit 56 instructs the control unit 25 to stop the pump
23. The control unit 25 stops the pump 23. Subsequently,
the determination unit 52 determines whether the current
time is a time of day in which the outside temperature
(outside temperature measured by temperature sensor
60c) is low (step S29). This determination is similar to
that in step S10.

[0047] If the time of day in which the outside temper-
ature is low (step S29; Yes), the determination unit 52
determines operation of the heat source device 31 ac-
cording to the air conditioning load, and further heat stor-
age into the tank 33 (step S32). The air conditioning unit
control unit 57 instructs the control unit 35 to store heat
into the tank 33 in addition to the response to the air
conditioning load (cooling load). The control unit 35 op-
erates the heat source device 31 in the instructed pre-
determined operation mode (for example, an operation
mode for operating the heat source device 31 according
to the cooling load without using the waste heat of the
refrigeration unit 1a and the refrigeration unit 1b, and for
further increasing the operation load for heat storage).
[0048] Ifit is not the time of day in which the outside
temperature is low (step S29; No), the determination unit
52 determines operation of the heat source device 31
according to the air conditioning load (cooling load) while
using the heat stored in the heat storage tank (step S33).
The air conditioning unit control unit 57 instructs the con-
trol unit 35 to perform an operation using heat storage.
The control unit 35 operates the water heater 41 in the
instructed predetermined operation mode (for example,
an operation mode for operating the heat source device
31 using the heat storage in the heat storage tank (tank
33) without using the waste heat of the refrigeration unit
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1a and the refrigeration unit 1b).

[0049] When the air conditioning unit 30 is stopped,
steps S27, S29, S32, and S33 are not executed. When
the air conditioning mode is not the heating mode, the
waste heat is not used in the air conditioning unit 30.
Therefore, more heat can be supplied to the hot-water
supply unit 40 via the waste heat recovery device 10, and
therefore, when the air conditioning mode is not the heat-
ing mode, the operation load of the water heater 41 can
be further reduced as compared with the case where the
air conditioning mode is the heating mode.

[0050] If the air conditioning mode is the heating mode
(step S22; Yes), the determination unit 52 determines
use of the waste heat of the refrigeration unit 1a and the
refrigeration unit 1b (step S24). Based on the determi-
nation of the determination unit 52, the second heat re-
covery control unit 56 instructs the control unit 35 to ac-
tivate the pump 23 and bring the valve 22a and the valve
22bintoanopen state. The control unit 35 activates pump
23 and brings the valve 22a and the valve 22b into an
open state.

[0051] Subsequently, the determination unit 52 deter-
mines whether the current time is a time of day in which
the outside temperature (outside temperature measured
by temperature sensor 60c) is high (step S28). This de-
termination is similar to that in step S10. In a case of the
time of day in which the outside temperature is high (step
S28; Yes), the determination unit 52 determines use of
the waste heat of the refrigeration units 1a and 1b, op-
eration of the heat source device 31 according to the
heating load, and further increase in the operation load
of the heat source device 31 to store heat (step S30).
The air conditioning unit control unit 57 instructs the con-
trol unit 35 to store heat into the tank 33 in addition to the
response to the heatingload. The control unit 35 operates
the heat source device 31 inthe instructed predetermined
operation mode (for example, an operation mode for re-
ducing the load using the waste heat of the refrigeration
unit 1a and the refrigeration unit 1b while increasing the
load for heat storage).

[0052] If it is not the time of day in which the outside
temperature is high (step S28; No), the determination
unit 52 determines use of the waste heat of the refriger-
ation units 1a and 1b, and operation of the heat source
device 31 according to the heating load while using the
heat stored in the heat storage tank (tank 33) (step S31).
The air conditioning unit control unit 57 instructs the con-
trol unit 35 to perform an operation using heat storage.
The control unit 35 operates the heat source device 31
in the instructed predetermined operation mode (for ex-
ample, an operation mode for operating the heat source
device 31 according to the heating load using the waste
heat of the refrigeration units 1a and 1b and the heat
storage in the heat storage tank (tank 33)).

[0053] According to the present embodiment de-
scribed above, the operations of the waste heat recovery
devices 10 and 20 are switched so that the waste heat
of the refrigeration units 1a and 1b can be utilized so as
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to improve the operation efficiency of the entire waste
heat recovery refrigeration unit system 100 according to
the outside temperature or the like. This can improve the
operation efficiency of the waste heat recovery refriger-
ation unit system 100. By storing heat into the heat stor-
age tanks (tanks 33 and 44) when the outside tempera-
ture is high, it is possible to improve the operation effi-
ciency over a predetermined period even if the operation
efficiency decreases at the time of storing heat.

[0054] The controlillustrated in FIGS. 3A and 3B is an
example, and the present invention is not limited to this.
For example, in FIG. 3B, it may be determined whether
the heat source device used in the air conditioning unit
30 is a heat pump type, and if it is not the heat pump
type, the operation load of the refrigeration units 1a and
1b may be increased, and the waste heat of the refriger-
ation units 1a and 1b may be used.

[0055] FIG. 4 is a view illustrating an example of the
hardware configuration of the system controller accord-
ing to the embodiment. A computer 900 includes a CPU
901, a main storage device 902, an auxiliary storage de-
vice 903, an input/output interface 904, and a communi-
cation interface 905. The system controller 50 is imple-
mented in the computer 900. The functions described
above are stored in the auxiliary storage device 903 in a
format of a program. The CPU 901 reads the program
from the auxiliary storage device 903, develops the pro-
gram to the main storage device 902, and executes the
above-mentioned processing in accordance with the pro-
gram. The CPU 901 secures a storage area in the main
storage device 902 in compliance with the program. The
CPU 901 secures a storage area for storing data under
processing in the auxiliary storage device 903 in compli-
ance with the program.

[0056] A program for implementing all or some of the
functions of the system controller 50 may be recorded in
a computer-readable recording medium, and the pro-
gram recorded in this recording medium may be read
and executed by a computer system to perform process-
ing by each functional unit. The "computer system" here
includes hardware such as an operating system (OS) or
peripheral equipment. In addition, if a world wide web
(WWW) system is used, the "computer system" also in-
cludes a home page providing environment (or a display
environment). The "computer readable recording medi-
um" refers to a portable medium such as a CD, a DVD,
or a USB, or a storage device such as a hard disk built
in a computer system. Further, when this program is dis-
tributed to the computer 900 through a communication
line, the computer 900 receiving the distribution may de-
velop the program to the main storage device 902, and
may execute the above-mentioned processing. The
above-described program may implement part of the
functions described above, and furthermore, also imple-
ment the functions described above in combination with
a program already recorded in the computer system.
[0057] In addition, the constituent elements in the em-
bodiments described above can be replaced as appro-
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priate with commonly known constituent elements, with-
outdeparting from the spirit of the presentinvention. Also,
the technical scope of the invention is not limited to the
embodiments described above, and various modifica-
tions may be further made without departing from the
spirit of the present invention.

Notes

[0058] The controller, the waste heat recovery refrig-
eration unit system, the control method, and the program
described in each embodiment are grasped as follows,
for example.

(1) A controller (system controller 50) according to
afirstaspectis a controller of the waste heat recovery
refrigeration unit system 100 including the first waste
heat recovery device 20 that recovers heat by ex-
changing heat with a first refrigerant circulating
through a refrigerant circuit of the first refrigeration
unit 1a that cools a refrigerating chamber (refriger-
ated showcase) and/or a second refrigerant circulat-
ing through a refrigerant circuit of a second refriger-
ation unit 1b that cools a freezing chamber (freezer
showcase), and supplies, to the air conditioning unit
30, the heat having been recovered, and the second
waste heat recovery device 10 that recovers heat by
exchanging heat with the first refrigerant and/or the
second refrigerant, and supplies, to the hot-water
supply unit 40, the heat having been recovered, the
waste heat recovery refrigeration unit system 100
being configured such that the first waste heat re-
covery device 20 can switch whether to exchange
heat with each of the first refrigerant and the second
refrigerant, and the second waste heat recovery de-
vice can switch whether to exchange heat with each
of the first refrigerant and the second refrigerant, the
controller including a heat recovery control unit (first
heat recovery control unit 55 and second heat re-
covery control unit 56) that controls whether each of
the first waste heat recovery device and the second
waste heat recovery device exchanges heat with the
first refrigerant and whether each of the first waste
heat recovery device and the second waste heat re-
covery device exchanges heat with the second re-
frigerant, according to an outside temperature.

[0059] This can switch the operation states of the first
waste heat recovery device and the second waste heat
recovery device according to the efficiency of the waste
heat recovery refrigeration unit system 100. As a result,
it is possible to improve the operation efficiency of the
waste heat recovery refrigeration unit system 100.

[0060] (2)A controller (system controller 50) according
to a second aspect is the controller of (1), in which when
an outside temperature becomes equal to or higher than
a predetermined first threshold temperature (first thresh-
old temperature is temperature at which it can be deter-
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mined not to be in the heating mode) or when the oper-
ation of the air conditioning unit is in a mode other than
the heating mode, the heat recovery control unit controls
the first waste heat recovery device 20 not to exchange
heat with the first refrigerant and the second refrigerant.
[0061] When it can be determined notto be in the heat-
ing mode based on the outside temperature, the waste
heat recovery device 20 is stopped. This can supply a
large amount of waste heat to the hot-water supply unit
40.

[0062] (3)Acontroller (system controller 50) according
to a third aspect is the controller of (1) and (2), in which
when an outside temperature becomes equal to or lower
than a predetermined second threshold temperature, the
heat recovery control unit controls the first waste heat
recovery device and the second waste heat recovery de-
vice not to exchange heat with the first refrigerant.
[0063] When the outside temperature is low, heat re-
covery is stopped without forcibly increasing the load on
the refrigeration unit 1afor refrigeration. This canimprove
the operation efficiency of the waste heat recovery re-
frigeration unit system 100.

[0064] (4)Acontroller (system controller 50) according
to a fourth aspect is the controller of (1) to (3), in which
the waste heat recovery refrigeration unit system 100
further includes the heat source device 31 of the air con-
ditioning unit 30, the water heater 41 of the hot-water
supply unit 40, the first tank 33 that stores a heat medium
whose temperature has been raised by the heat source
device 31, and the second tank 44 that stores hot water
whose temperature has been raised by the water heater
41, the controller further includes a heat source device
control unit (air conditioning unit control unit 57) that con-
trols the heat source device 31 and a water heater control
unit (hot-water supply unit control unit 58) that controls
the water heater 41, the heat source device control unit
increases an operation load of the heat source device
when an outside temperature becomes equal to or higher
than a predetermined third threshold temperature (steps
S28 and 29), and the water heater control unit increases
an operation load of the water heater when an outside
temperature becomes equal to or higher than a prede-
termined fourth threshold temperature (step S10).
[0065] By storing heat into the tank according to the
outside temperature, it is possible to improve not instan-
taneous operation efficiency but the operation efficiency
of the waste heat recovery refrigeration unit system 100
over an entire predetermined period.

[0066] (5)A controller (system controller 50) according
to a fifth aspect is the controller of (1) to (4), in which the
waste heat recovery refrigeration unit system further in-
cludes the first refrigeration unit and the second refriger-
ation unit, the controller further includes a first refrigera-
tion unit control unit that controls the first refrigeration
unit and a second refrigeration unit control unit that con-
trols the second refrigeration unit, and when the hot-wa-
ter supply unit or the air conditioning unit is not of a heat
pump type, the first refrigeration unit control unit increas-
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es an operation load of the first refrigeration unit com-
pared with an operation load when the refrigerating
chamber is operated to cool the refrigerating chamber to
a predetermined set temperature, and the second refrig-
eration unit control unit increases an operation load of
the second refrigeration unit compared with an operation
load when the freezing chamber is operated to cool the
freezing chamber to a predetermined set temperature.
[0067] In acase where the efficiency of the entire sys-
tem is improved by improving the operation load of the
refrigeration units 1a and 1b having high operation effi-
ciency, the operation load of the refrigeration units 1a
and 1b is increased to improve the operation efficiency
of the waste heat recovery refrigeration unit system 100.
[0068] (6) The waste heat recovery refrigeration unit
system 100 according to a sixth aspect includes: a first
refrigeration unit that cools a refrigerating chamber; a
second refrigeration unit that cools the freezing chamber;
an air conditioning unit; a hot-water supply unit; a first
waste heat recovery device including a first heat ex-
change circuit that exchanges heat between a first refrig-
erant circulating through a first refrigerant circuit of the
first refrigeration unit and a first water medium, a second
heat exchange circuit that exchanges heat between a
second refrigerant circulating through a second refriger-
ant circuit of the second refrigeration unit and the first
water medium, a circuit that supplies heat of the first water
medium subjected to heat exchange to the air condition-
ing unit, avalve thatis provided in the first heat exchange
circuit and switches whether the first water medium flows
through the first heat exchange circuit, and a valve that
is provided in the second heat exchange circuit and
switches whether the first water medium flows through
the second heat exchange circuit; a second waste heat
recovery device including a third heat exchange circuit
that exchanges heat between the first refrigerant and a
second water medium, afourth heat exchange circuitthat
exchanges heat between the second refrigerant and the
second water medium, a circuit that supplies heat of the
second water medium subjected to heat exchange to the
hot-water supply unit, a valve that is provided in the third
heat exchange circuit and switches whether the second
water medium flows through the third heat exchange cir-
cuit, and a valve that is provided in the fourth heat ex-
change circuit and switches whether the second water
medium flows through the fourth heat exchange circuit;
and the controller according to any one of claims 1 to 5.
[0069] This can switch the operation states of the first
waste heat recovery device and the second waste heat
recovery device according to the efficiency of the waste
heat recovery refrigeration unit system 100. As a result,
it is possible to improve the operation efficiency of the
waste heat recovery refrigeration unit system 100.
[0070] (7)A control method according to a seventh as-
pect is a control method of a waste heat recovery refrig-
eration unit system including a first waste heat recovery
device that recovers heat by exchanging heat with a first
refrigerant circulating through a refrigerant circuit of a

10

15

20

25

30

35

40

45

50

55

14

first refrigeration unit that cools a refrigerating chamber
and/or a second refrigerant circulating through a refrig-
erant circuit of a second refrigeration unit that cools a
freezing chamber, and supplies, to an air conditioning
unit, the heathaving beenrecovered, and a second waste
heat recovery device that recovers heat by exchanging
heat with the first refrigerant and/or the second refriger-
ant, and supplies, to a hot-water supply unit, the heat
having been recovered, the waste heat recovery refrig-
eration unit system being configured such that the first
waste heat recovery device can switch whether to ex-
change heat with each of the first refrigerant and the sec-
ond refrigerant, and the second waste heat recovery de-
vice can switch whether to exchange heat with each of
the first refrigerant and the second refrigerant, the control
method including controlling whether each of the first
waste heat recovery device and the second waste heat
recovery device exchanges heat with the first refrigerant
and whether each of the first waste heat recovery device
and the second waste heat recovery device exchanges
heat with the second refrigerant, according to an outside
temperature.

[0071] (8) A program according to an eighth aspect
causes a computer to execute a control method of a
waste heat recovery refrigeration unit system including
a first waste heat recovery device that recovers heat by
exchanging heat with afirst refrigerant circulating through
a refrigerant circuit of a first refrigeration unit that cools
a refrigerating chamber and/or a second refrigerant cir-
culating through a refrigerant circuit of a second refrig-
eration unit that cools a freezing chamber, and supplies,
to an air conditioning unit, the heat having been recov-
ered, and a second waste heat recovery device that re-
covers heat by exchanging heat with the first refrigerant
and/or the second refrigerant, and supplies, to a hot-wa-
ter supply unit, the heathaving beenrecovered, the waste
heat recovery refrigeration unit system being configured
such that the first waste heat recovery device can switch
whether to exchange heat with each of the first refrigerant
and the second refrigerant, and the second waste heat
recovery device can switch whether to exchange heat
with each of the first refrigerant and the second refriger-
ant, the processing being processing of controlling
whether each of the first waste heat recovery device and
the second waste heat recovery device exchanges heat
with the first refrigerant and whether each of the first
waste heat recovery device and the second waste heat
recovery device exchanges heat with the second refrig-
erant, according to an outside temperature.

Reference Signs List
[0072]
1a Refrigeration unit
1b Refrigeration unit

10 Waste heat recovery device
20 Waste heat recovery device
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30 Air conditioning unit

40 Hot-water supply unit

50 System controller

51 Outside temperature acquisition unit
52 Determination unit

53 First refrigeration unit control unit

54 Second refrigeration unit control unit
55 First heat recovery control unit

56 Second heat recovery control unit
57 Air conditioning unit control unit

58 Hot-water supply unit control unit

59 Storage and memory unit

60 Temperature sensor

100 Waste heat recovery refrigeration unit system

Claims

A controller of a waste heat recovery refrigeration
unit system including a first waste heat recovery de-
vice that recovers heat by exchanging heat with a
first refrigerant circulating through a refrigerant cir-
cuit of a first refrigeration unit that cools a refrigerat-
ing chamber and/or a second refrigerant circulating
through a refrigerant circuit of a second refrigeration
unit that cools a freezing chamber, and supplies, to
an air conditioning unit, the heat having been recov-
ered, and a second waste heat recovery device that
recovers heat by exchanging heat with the first re-
frigerantand/or the second refrigerant, and supplies,
to a hot-water supply unit, the heat having been re-
covered, the waste heat recovery refrigeration unit
system being configured such that the first waste
heat recovery device can switch whether to ex-
change heat with each of the first refrigerant and the
second refrigerant and the second waste heat re-
covery device can switch whether to exchange heat
with each of the first refrigerant and the second re-
frigerant, the controller comprising:

a heat recovery control unit that controls whether
each of the first waste heat recovery device and the
second waste heat recovery device exchanges heat
with the first refrigerant and controls whether each
of the first waste heat recovery device and the sec-
ond waste heatrecovery device exchanges heat with
the second refrigerant, according to an outside tem-
perature.

The controller according to claim 1, wherein when
an outside temperature becomes equal to or higher
than a predetermined first threshold temperature or
when operation of the air conditioning unit is in a
mode other than a heating mode, the heat recovery
control unit controls the first waste heat recovery de-
vice not to exchange heat with the first refrigerant
and the second refrigerant.

The controller according to claim 1 or 2, wherein
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when an outside temperature becomes equal to or
lower than a predetermined second threshold tem-
perature, the heat recovery control unit controls the
first waste heat recovery device and the second
waste heat recovery device not to exchange heat
with the first refrigerant.

The controller according to any one of claims 1 to 3,
wherein

the waste heat recovery refrigeration unit sys-
tem further includes a heat source device of the
air conditioning unit, a water heater of the hot-
water supply unit, a first tank that stores a heat
medium whose temperature has been raised by
the heat source device, and a second tank that
stores hot water whose temperature has been
raised by the water heater,

the controller further includes a heat source de-
vice control unit that controls the heat source
device and a water heater control unit that con-
trols the water heater,

the heat source device control unitincreases an
operation load of the heat source device when
an outside temperature becomes equal to or
higher than a predetermined third threshold tem-
perature, and

the water heater control unit increases an oper-
ation load of the water heater when an outside
temperature becomes equal to or higher than a
predetermined fourth threshold temperature.

5. The controller according to any one of claims 1 to 4,

wherein

the waste heat recovery refrigeration unit sys-
tem further includes the first refrigeration unit
and the second refrigeration unit,

the controller further includes a first refrigeration
unit control unit that controls the first refrigera-
tion unit and a second refrigeration unit control
unit that controls the second refrigeration unit,
and

when the hot-water supply unit or the air condi-
tioning unit is not of a heat pump type, the first
refrigeration unit control unitincreases an oper-
ation load of the first refrigeration unit compared
with an operation load when the refrigerating
chamber is operated to cool the refrigerating
chamber to a predetermined set temperature,
and the second refrigeration unit control unit in-
creases an operation load of the second refrig-
eration unit compared with an operation load
when the freezing chamber is operated to cool
the freezing chamber to a predetermined set
temperature.

6. Awaste heatrecovery refrigeration unit system com-
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prising:

a first refrigeration unit that cools a refrigerating
chamber;

asecond refrigeration unitthat cools the freezing
chamber;

an air conditioning unit;

a hot-water supply unit;

a first waste heat recovery device including a
first heat exchange circuit that exchanges heat
between a first refrigerant circulating through a
firstrefrigerant circuit of the first refrigeration unit
and a first water medium, a second heat ex-
change circuit that exchanges heat between a
second refrigerant circulating through a second
refrigerant circuit of the second refrigeration unit
and the firstwater medium, a circuit that supplies
heat of the first water medium subjected to heat
exchange to the air conditioning unit, a valve
that is provided in the first heat exchange circuit
and switches whether the first water medium
flows through the first heat exchange circuit, and
a valve that is provided in the second heat ex-
change circuitand switches whether the firstwa-
ter medium flows through the second heat ex-
change circuit;

a second waste heat recovery device including
a third heat exchange circuit that exchanges
heat between the first refrigerant and a second
water medium, a fourth heat exchange circuit
that exchanges heat between the second refrig-
erant and the second water medium, a circuit
that supplies heat of the second water medium
subjected to heat exchange to the hot-water
supply unit, a valve that is provided in the third
heat exchange circuit and switches whether the
second water medium flows through the third
heat exchange circuit, and a valve that is pro-
vided in the fourth heat exchange circuit and
switches whether the second water medium
flows through the fourth heat exchange circuit;
and

the controller according to any one of claims 1
to 5.

A control method of a waste heat recovery refriger-
ation unit system including a first waste heat recov-
ery device that recovers heat by exchanging heat
with afirstrefrigerant circulating through a refrigerant
circuit of a first refrigeration unit that cools a refrig-
erating chamber and/or a second refrigerant circu-
lating through a refrigerant circuit of a second refrig-
eration unit that cools a freezing chamber, and sup-
plies, to an air conditioning unit, the heathaving been
recovered, and a second waste heat recovery device
that recovers heat by exchanging heat with the first
refrigerant and/or the second refrigerant, and sup-
plies, to a hot-water supply unit, the heathavingbeen
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recovered, the waste heat recovery refrigeration unit
system being configured such that the first waste
heat recovery device can switch whether to ex-
change heat with each of the first refrigerant and the
second refrigerant, and the second waste heat re-
covery device can switch whether to exchange heat
with each of the first refrigerant and the second re-
frigerant, the control method comprising:
controlling whether each of the first waste heat re-
covery device and the second waste heat recovery
device exchanges heat with the first refrigerant and
whether each of the first waste heat recovery device
and the second waste heat recovery device ex-
changes heat with the second refrigerant, according
to an outside temperature.

A program that causes a computer to execute
processing of a control method of a waste heat re-
covery refrigeration unit system including a first
waste heat recovery device that recovers heat by
exchanging heat with a first refrigerant circulating
through a refrigerant circuit of a first refrigeration unit
that cools a refrigerating chamber and/or a second
refrigerant circulating through a refrigerant circuit of
a second refrigeration unit that cools a freezing
chamber, and supplies, to an air conditioning unit,
the heathavingbeen recovered, and a second waste
heatrecovery device that recovers heat by exchang-
ing heat with the first refrigerant and/or the second
refrigerant, and supplies, to a hot-water supply unit,
the heat having been recovered, the waste heat re-
covery refrigeration unit system being configured
such that the first waste heat recovery device can
switch whether to exchange heat with each of the
first refrigerant and the second refrigerant and the
second waste heat recovery device can switch
whether to exchange heat with each of the first re-
frigerant and the second refrigerant, the processing
being processing of controlling whether each of the
first waste heat recovery device and the second
waste heat recovery device exchanges heat with the
first refrigerant and whether each of the first waste
heat recovery device and the second waste heat re-
covery device exchanges heat with the second re-
frigerant, according to an outside temperature.
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