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(57) Abstract: A refrigeration and heating
system (2) comprises a refrigeration circuit
(4) which comprises in the direction of flow
of a circulating refrigerant: at least one com-
pressor (6a, 6b, 6¢); a refrigeration circuit
side (8a) of a coupling heat exchanger (8); at
least one gas cooler (10); at least one gas
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cooler bypass line (18) and at least one gas
cooler bypass valve assembly (25) allowing
to bypass the at least one gas cooler (10); at
least one expansion device (12, 14) and at
least one evaporator (16). The refrigeration
_ and heating system (2) further comprises a
heating circuit (20) which comprises in the
direction of tlow of a circulating heating flu-

id: a heating circuit side (8b) of the coupling
heat exchanger (8) and at least one heating
device (22). The coupling heat exchanger (8)
is configured for transferring heat from the
circulating refrigerant to the circulating heat-

Fig. 1a
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ing tluid; and the gas cooler bypass valve as-
sembly (25) is configured for allowing to se-
lectively direct a first flow of refrigerant
either through the gas cooler (10) or through
the gas cooler bypass line (18) bypassing the
gas cooler (10) and to gradually or continu-

ously regulate a second tlow of refrigerant flowing through the other of the gas cooler (10) and the gas cooler bypass line (18) which

mixes with the first flow downstream of the gas cooler (10).
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Refrigeration and Heating System

Background of the Invention

In order to increase the efficiency of a refrigeration system by recover-
ing heat rejected by the refrigeration system combined refrigeration and
heating systems are provided in which the heat generated by the refri-
geration system is not rejected as waste heat to the environment but
delivered to a heating system to be used for heating a building and/or
service water etc.

At high ambient temperatures, e.g. during summer, only a comparat-
ively low heating capacity is needed. As a result, a situation may occur
in which not enough heat is consumed by the heating system in order to
sufficiently cool the refrigerant circulating within the refrigeration sys-
tem. In order to handle this situation, a gas cooler is activated for further
cooling down the refrigerant. However, when the gas cooler is active,
approximately 1/3 of the heat cannot be used but is rejected as waste
heat to the environment.

It therefore would be beneficial to provide an improved refrigeration and
heating system and a method of operating such a system allowing to
use the heat generated by the refrigeration system more efficiently even
at relatively high ambient temperatures.

Disclosure of the Invention

A refrigeration and heating system according to an exemplary embodi-
ment of the invention comprises a refrigeration circuit and a heating cir-
cuit coupled to each other by a coupling heat exchanger which is con-
figured for transferring heat from the circulating refrigerant to the circu-
lating heating fluid. The refrigeration circuit comprises in the direction of
flow of a circulating refrigerant: at least one compressor; a refrigeration
circuit side of a coupling heat exchanger; at least one gas cooler; at
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least one expansion device; and at least one evaporator. The heating cir-
cuit comprises in the direction of flow of a circulating heating fluid: a
heating circuit side of the coupling heat exchanger and at least one
heating device / heat consumer. The refrigeration circuit additionally
comprises a gas-cooler bypass line and a gas cooler bypass valve as-
sembly which is configured for allowing to selectively direct a first flow
of refrigerant either through the gas cooler or through the gas cooler by-
pass line bypassing the gas cooler and to gradually or continuously reg-
ulate a second flow of refrigerant flowing through the other of the gas
cooler and the gas cooler bypass line for mixing with the first flow of re-
frigerant downstream of the gas cooler.

A method of operating a refrigeration and heating system according to
an exemplary embodiment of the invention comprises the steps of circu-
lating a refrigerant through the refrigeration circuit and circulating a
heating fluid through the heating circuit, the heating circuit and the refri-
geration circuit being thermally coupled by means of a coupling heat ex-
changer allowing heat to transfer from the refrigeration circuit to the
heating circuit. The method further includes the steps of selectively dir-
ecting a first flow of refrigerant either through the gas cooler or through
the gas cooler bypass line bypassing the gas cooler and to gradually or
continuously regulate a second flow of refrigerant flowing through the
other of the gas cooler and the gas cooler bypass line for mixing with
the first flow of refrigerant downstream of the gas cooler.

According to exemplary embodiments of the invention the refrigerant,
which in particular comprises CO,, is operated transcritically. In transcrit-
ical operation, at warmer ambient conditions, the pressure of the refri-
gerant is so high that only one phase is present and the pressure and
the temperature can be adjusted individually.

By selectively mixing a first flow of refrigerant, which has passed the gas
cooler, with a second flow refrigerant, which has bypassed the gas
cooler, the temperature range, in which the refrigeration and heating
system may be operated with high efficiency, can be extended. It is in
particular possible to reduce the temperature of the refrigerant to a
reasonable limit (of approx. 32°C) while still most of the heat capacity is
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used for heating. As a result, the refrigeration and heating system can
run stable at higher water inlet temperatures of the coupling heat ex-
changer without loosing too much heat to ambient air. Thus, more en-
ergy can be used for heating. This allows to run the whole system with
high energy efficiency even if the heating system is not operated close
to the point of operation it has been designed for.

Short Description of the Figures:

In the following, exemplary embodiments of the invention will be de-
scribed in more detail with reference to the enclosed figures:

Fig. 1a shows a refrigeration and heating system according to a first em-
bodiment of the invention.

Fig. 1b shows a refrigeration and heating system according to a second
embodiment of the invention.

Fig. 2a shows a refrigeration and heating system according to a third
embodiment of the invention.

Fig. 2b shows a refrigeration and heating system according to a fourth
embodiment of the invention.

Fig. 3a shows a refrigeration and heating system according to a fifth em-
bodiment of the invention.

Fig. 3b shows a refrigeration and heating system according to a sixth
embodiment of the invention.

Figs. 4a and 4b schematically illustrate the operation of a prior art refri-
geration and heating system.

Fig. 5 schematically iliustrates the operation a refrigeration and heating
system according to an embodiment of the invention.
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Description of the Figures:

Fig. 1a shows a schematic view of a refrigeration and heating system 2
according to an exemplary embodiment of the invention.

The refrigeration and heating system 2 comprises a refrigeration circuit
4 and a heating circuit 20 thermally coupled to each other by a coupling
heat exchanger 8, which is configured for transferring heat from the re-
frigeration circuit 4 to the heating circuit 20.

The refrigeration circuit 4 in particular comprises in the direction of flow
of a circulating refrigerant: a plurality of compressors 6a, 6b, 6c¢ fluidly
connected in parallel for compressing and circulating the refrigerant
through the refrigeration circuit 4; a coupling heat exchanger bypass
valve 34, which may be an adjustable valve and which allows to select-
ively direct the flow of refrigerant leaving the compressors 6a, 6b, 6¢
either to a refrigeration circuit side 8a of a coupling heat exchanger 8,
which couples the refrigeration circuit 4 to the heating circuit 20, or to
bypass said coupling heat exchanger 8 in order to direct the flow of refri-
gerant leaving the plurality of compressors 6a, 6b, 6c directly to the in-
let side 10a of at least one gas cooler 10, which is fluidly connected to
the outlet side of the coupling heat exchanger 8.

The outlet side 10b of the at least one gas cooler 10 is connected via a
gas cooler bypass valve assembly 25 comprising a gas cooler bypass
valve 24, which will be described in more detail further below, to the in-
let side 12a of a high pressure expansion device 12, which acts as a high
pressure control device and is configured for expanding the refrigerant
from the high pressure generated by the compressors 6a, 6b, 6¢ to a
lower medium pressure, before it enters into a receiver 26, which is con-
figured for separating gas phase refrigerant collecting at the top of the
receiver 26 from liquid refrigerant, collecting at the bottom of the re-
ceiver 26. The bottom of the receiver is fluidly connected to a medium
pressure expansion device 14 and an evaporator 16 fluidly connected
downstream of the medium pressure expansion device 14 for evaporat-
ing the expanded refrigerant thereby absorbing heat from the environ-
ment and providing the desired cooling capacity.
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The compressors 6a, 6b, 6¢ may be individually switched on and off for
allowing to vary their combined performance. Optionally, at least one of
the compressors 6a, 6b, 6¢ may be provided as a variable speed com-
pressor 6a which allows to continuously vary its performance in order to
adjust the capacity provided by the compressors 6a, 6b, 6¢c even more
precisely.

An optional flash gas line 28 comprising a flash gas valve 30, which acts
as a medium pressure control device, and an optional heat exchanger
32, which is configured for allowing heat exchange between the flash
gas flowing through the flash gas line 28 and the liquid refrigerant leav-
ing the bottom of the receiver 26, fluidly connects an upper portion of
the receiver 26 to inlet lines 7a, 7b, 7c¢ of the compressors 6a, 6b, 6¢ al-
lowing flash gas to selectively exit from the top of the receiver and to
flow to the inlet lines 7a, 7b, 7c of the compressors 6a, 6b, 6¢. Select-
ively delivering flash gas from the receiver 26 to the inlet lines 7a, 7b,
7c of the compressors 6a, 6b, 6¢ allows to adjust the pressure within the
receiver 26.

The heating circuit 20 comprises in the direction of flow of a circulating
heating fluid a heating circuit side 8b of the coupling heat exchanger 8,
which is in thermal connection with the refrigerant circuit side 8a of the
coupling heat exchanger 8 allowing the transfer of heat from the refri-
gerant circulating with refrigeration circuit 4 to the heating fluid circulat-
ing within the heating circuit 20, and at least one heating device 22 for
consuming the transferred heat, e.g. for heating water and/or (parts of)
a building. At least one heating fluid pump 36 may be provided in the
heating circuit 20 for supporting the circulation of the heating fluid.

A gas cooler bypass line 18 connects between the inlet side 10a of the
gas cooler 10 and the gas cooler bypass valve assembly 25, which is
provided by the gas cooler bypass valve 24 and arranged between the
outlet side 10b of the gas cooler 10 and the high pressure expansion
device 12. In the embodiment shown in Fig. 1a the gas cooler bypass
valve 24 is a three-way mixing valve 24, which is configured for select-
ively allowing to mix refrigerant, which has flown through the gas cooler
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10, with refrigerant, which has bypassed the gas cooler 10 via the gas-
cooler bypass line 18 and to deliver a mixture of said refrigerant por-
tions having a mixing temperature to the high pressure expansion
device 12.

Fig. 1b shows a refrigeration and heating system according to a second
embodiment of the invention which is similar to the first embodiment
shown in Fig. 1a, but in which the gas cooler bypass valve assembly 25
comprising the gas cooler bypass valve 24 is arranged upstream the gas
cooler 10.

Fig. 2a shows a refrigeration and heating system according to a third
embodiment of the invention.

The components of said third embodiment, which are identical with the
components of the first embodiment shown in Fig. 1a are denoted by the
same reference signs and will not be discussed in detail again.

Contrary to the first and second embodiments, the gas cooler bypass
valve 24 of the third embodiment is not provided as a mixing valve but
as a digital three-way switching valve, allowing to fluidly connect the in-
let side 12a of the high pressure expansion device 12 either to the outlet
side 10b of the gas cooler 10 or to the gas-cooler bypass line 18. Thus,
depending on the position of the gas cooler bypass valve 24 either refri-
gerant, which has flown through the gas cooler 10, or refrigerant, which
has bypassed the gas cooler 10 via the gas-cooler bypass line 18 is de-
livered through the gas cooler bypass valve 24 to the high pressure ex-
pansion device 12.

In said third embodiment the gas cooler bypass valve assembly 25 addi-
tionally comprises an adjustable two-way valve 23 connecting between
the bypass line 18 and the inlet side 12a of the high-pressure expansion
device 12 in order to allow mixing refrigerant from the gas cooler bypass
line 18 with the refrigerant which has been delivered from the gas cooler
bypass valve 24. Thus, by (a) switching the gas cooler bypass valve 24
into a position, in which it allows refrigerant to flow from the gas cooler
10 to the high-pressure expansion device 12 and blocks any flow of refri-
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gerant from the gas cooler bypass line 18 to the high-pressure expan-
sion device 12, and (b) selectively opening the adjustable valve 23 for
mixing refrigerant from the gas cooler bypass line 18 to the refrigerant
being delivered from the gas cooler 10 via the gas cooler bypass valve
24, a mixture of refrigerant, which has flown through the gas cooler 10,
with refrigerant, which has bypassed the gas cooler 10 via the gas-
cooler bypass line 18 may be delivered to the high-pressure expansion
device 12.

Thus, the combination of the adjustable valve 23 and the gas cooler by-
pass valve 24 provides the same functionality as the three-way mixing
valve, which is used as the gas cooler bypass valve 24 according to the
first and second embodiments shown in Figs. 1a and 1b. In the third em-
bodiment according to Fig. 2a, an additional valve 23 is needed, but the
use of an expensive three-way mixing valve can be avoided.

Fig. 2b shows a refrigeration and heating system according to a fourth
embodiment of the invention which is similar to the third embodiment
shown in Fig. 2a, but in which the gas cooler bypass valve assembly 25
comprising the gas cooler bypass valve 24 and the additional adjustable
valve 23 is arranged upstream the gas cooler 10. In this fourth embodi-
ment the adjustable valve 23 fluidly connects the refrigeration circuit
side 8a of a coupling heat exchanger 8 to the gas-cooler bypass line 18
allowing to bypass the gas cooler bypass valve 24.

Fig. 3a shows a refrigeration and heating system according to a fifth em-
bodiment of the invention, which is similar to the third embodiment
shown in Fig. 2a. Again, the components of said fifth embodiment, which
are identical with the components of the first and third embodiments
shown in Figs. 1a and 2a, respectively, are denoted by the same refer-
ence signs and will not be discussed in detail again.

Similar to the third embodiment the gas cooler bypass valve 24 of the
fifth embodiment is provided as a digital switching valve allowing to flu-
idly connect the inlet side 12a of the high pressure expansion device 12
either to the 10b of the gas cooler 10 or to the gas-cooler bypass line
18, but not providing any mixing functionality.
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According to the fifth embodiment, the gas cooler bypass vaive as-
sembly 25 comprises an adjustable two-way valve 23 connecting
between the outlet side 10b of the gas cooler 10 and the outlet of the
gas cooler bypass valve 24, which is fluidly connected to the inlet side
12a of the high-pressure expansion device 12.

Thus, by (a) switching the gas cooler bypass valve 24 into a position, in
which it allows refrigerant to flow from the gas cooler bypass line 18 to
the high-pressure expansion device 12 and blocks any flow of refrigerant
from the gas cooler 10 to the high-pressure expansion device 12, and (b)
selectively opening the adjustable valve 23 for mixing refrigerant from
the gas cooler 10 to the refrigerant being delivered from the gas cooler
bypass line 18 via the gas cooler bypass valve 24, a mixture of refriger-
ant, which has flown through the gas cooler 10, and refrigerant, which
has bypassed the gas cooler 10 via the gas-cooler bypass line 18 may
be delivered to the high-pressure expansion device similar to the third
embodiment shown in Fig. 2a.

Thus, similar to the third embodiment, the combination of the adjustable
valve 23 and the gas cooler bypass valve 24 provides the same function-
ality as the three-way mixing valve, which is used as the gas cooler by-
pass valve 24 in the first and second embodiments shown in Figs. 1la
and 1b. As in the third embodiment, an additional valve 23 is needed in
the fifth embodiment, but again the use of an expensive three-way mix-
ing valve can be avoided.

Fig. 3b shows a refrigeration and heating system according to a sixth
embodiment of the invention which is similar to the fifth embodiment
shown in Fig. 3a, but in which the gas cooler bypass valve assembly 25
comprising the gas cooler bypass valve 24 and the adjustable valve 23
is arranged upstream the gas cooler 10. In this sixth embodiment the
adjustable valve 23 fluidly connects the refrigeration circuit side 8a of a
coupling heat exchanger 8 to the gas-cooler's 10 inlet side 10a allowing
to bypass the gas cooler bypass valve 24.
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In all embodiments the refrigeration and heating system 2 further com-
prises a control unit 38 which is configured for controlling the operation
of the compressors 6a, 6b, 6¢, the gas cooler bypass valve 24, the coup-
ling heat exchanger bypass valve 34, the high pressure control valve 12
and the adjustable two-way valve 23, if present, in order to provide the
desired cooling and heating capacities. The control unit 38 may be con-
figured for controlling the compressors 6a, 6b, 6¢ and valves 12, 23, 24,
34 by means of electrical wires, which are not shown in the figures for
reasons of clarity, or by means of a wireless connection including WLAN,
“Bluetooth” or the like.

In order to enable the control unit 38 to control the compressors 6a, 6b,
6c and valves 12, 23, 24, 34 appropriately, at least one of a refrigerant
pressure sensor 40, refrigerant temperature sensors 41, 42, a heating
fluid temperature sensor 44 and an ambient air temperature sensor 46
are provided, allowing the control unit 38 to control the compressors 6a,
6b, 6¢ and valves 12, 24, 34 based on the temperatures and/or pres-
sures measured by said sensor(s) 40, 42, 44, 46. The refrigerant pres-
sure sensor 40 and a refrigerant temperature sensor 41 are in particular
located between the gas cooler 10 and the high pressure expansion
device 12.

Figs. 4a and 4b schematically illustrate the relation between the heat
demand of the heating device 22, e.g. a building to be heated, which is
plotted on the horizontal axis, and the heat provided by the CO, refriger-
ation circuit 2 operated in the transcritical mode, which is plotted on the
vertical axis, for different heating fluid return temperatures, in particular
for a heating fluid return temperature of 30 °C in Fig. 4a and a heating
fluid return temperature of 35 °C in Fig. 4b. The refrigerant circulating
within the refrigeration circuit 2 in particular comprises CO, and is oper-
ated transcritically. In transcritical operation, at warmer ambient condi-
tions, the pressure of the refrigerant is so high that only one phase is
present and the pressure and the temperature can be adjusted individu-
ally.

In Fig. 4a the return temperature and herewith the CO; outlet temperat-
ure allows to bypass the gascooler 10 with acceptable efficiency of the
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refrigeration process. In Fig. 4b bypassing the gascooler 10 is prohibited
due to too high fluid return temperatures and herewith too high CO, out-
let temperatures, which results in an unacceptable efficiency of the CO;
refrigeration process.

The solid line drawn in these diagrams separates the operation mode in
which the gas cooler 10 is used for additionally cooling the refrigerant
(upper left portion of the respective diagram) from the operation mode
in which the gas cooler 10 is bypassed and all the heat from the refriger-
ant is transferred to the heating circuit 20 (lower right portion of the re-
spective diagram).

Fig. 4a illustrates that at a relatively low heating fluid return temperat-
ure of up to approx. 30 °C 100 % of the heat provided by the refrigera-
tion circuit 4 may be used for heating; however, in this case the refriger-
ation circuit 4 is not capable to completely meet very high heating de-
mands in the area A located in the most right portion of Fig. 4a and it is
to modulate the heating capacity provided by the refrigeration circle.

At a higher heating fluid return temperature of e.g. 35 °C, according to
Fig. 4b, the refrigeration circuit 4 is capable to meet the heating de-
mands of the heating system up to 100 %; however in this case not ali
the heat provided by the refrigeration circuit 4 can be used for heating
and gascooler bypass operation is prohibited in order to keep an accept-
able level of efficiency for the refrigeration cycle. Even when the heating
demand is at its maximum (at the right side of the diagram), approx.
33 % of the heat provided by the refrigeration circuit 4 are delivered to
the environment by means of the gas cooler 10 (according to the area B
in the upper portion of Fig. 4b), which reduces the efficiency of the heat-
ing system 2 considerably.

Fig. 5, in contrast, shows the operation of a refrigeration and heating
system 2 according to an exemplary embodiment of the invention at
higher heating fluid return temperature of e.g. 35 °C. By selectively mix-
ing refrigerant flowing through the gas cooler 10 with refrigerant by-
passing the gas cooler 10 the amount of waste heat, i.e. heat provided
by the refrigeration circuit 4 which cannot be used by the heating circuit
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20 and is rejected by the gas cooler 10, may be considerably reduced
(see the relatively small area C at the right upper corner of the
diagram). Thus, selectively mixing cold refrigerant flowing through the
gas cooler 10 with warm refrigerant bypassing the gas cooler 10 consid-
erably enhances the efficiency of the refrigeration and heating system 2
in particular at high heating fluid return temperatures.

Further Embodiments

In an embodiment the gas cooler bypass valve assembly is located
downstream or upstream of the gas cooler.

In an embodiment the gas cooler bypass valve assembly comprises an
adjustable three-way-valve providing a compact configuration allowing
to mix refrigerant from the gas cooler with refrigerant from the gas
cooler bypass line using only a single valve.

In an alternative embodiment the gas cooler bypass valve assembly
comprises a digital three-way-valve and an adjustable two-way valve
which is connected in a configuration allowing to by-pass the three-way-
valve. In this configuration, the need for a complicated and expansive
adjustable three-way-valve, which is capable of providing a mixing func-
tionality, can be avoided.

The adjustable two-way valve may be connected either between the
outlet of the gas cooler bypass line and the outlet of the digital three-
way-valve or between the outlet of the gas cooler and the outlet of the
digital three-way-valve allowing to either regulate the flow of refrigerant
from the gas cooler bypass line or the flow of refrigerant from the gas
cooler, respectively.

The adjustable two-way valve may also be connected either between
the inlet of the digital three-way-valve and the inlet of the gas cooler by-
pass line or between the inlet of the digital three-way-valve and the inlet
of the gas cooler.
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In an embodiment a refrigerant receiver, which is configured for separat-
ing gas phase refrigerant from liquid phase refrigerant and storing said
refrigerant, is provided downstream of the gas cooler. The separation of
gas phase refrigerant from liquid phase refrigerant allows to deliver only
liquid refrigerant to the expansion device provided upstream of the
evaporator enhancing the efficiency of the refrigeration circuit.

In an embodiment a high pressure expansion device is provided up-
stream of the refrigerant receiver.

In an embodiment a flash gas line fluidly connects an upper portion of
the refrigerant receiver with an inlet line of the at least one compressor
allowing flash gas, which collects at the top of the receiver, to flow from
the receiver directly to the inlet of the compressor(s) bypassing the me-
dium expansion device(s) and the evaporator(s). This will help to im-
prove the efficiency of the refrigeration circuit, as the flash gas does not
contribute to the cooling capacity of the evaporator(s).

A flash gas valve provided in the flash gas line allows to control and reg-
ulate the flow of flash gas through the flash gas line and to adjust the
pressure within the receiver.

In an embodiment an additional flash gas heat exchanger allowing heat
exchange between the flash gas flowing through the flash gas line and
refrigerant leaving from the bottom of the receiver is provided. Such
heat exchange between the flash gas and the liquid refrigerant contrib-
utes to improving the efficiency of the refrigeration circuit as well.

In an embodiment the refrigeration and heating system further com-
prises a control unit which is configured for controlling the at least one
compressor and/or the gas cooler bypass valve. The control unit in par-
ticular may comprise a microcomputer running an appropriate program
for controlling the operation of the refrigeration and heating system.

In an embodiment the refrigeration and heating system further com-
prises at least one of a refrigerant pressure sensor, a refrigerant temper-
ature sensor, a heating fluid temperature sensor and an ambient air
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temperature sensor functionally connected to the control unit for allow-
ing the control unit to control the compressors and/or the gas cooler by-
pass valve assembly based on the measured temperatures and/or pres-
sures in order to optimally adjust the operation of the refrigeration and
heating system.

In an embodiment the refrigerant comprises carbon dioxide, which
provides an efficient, inflammable, non-toxic and environmentally ac-
ceptable refrigerant. The heating fluid in particular may include water,
which may in particular comprise an anti-corrosive additive.

While the invention has been described with reference to exemplary em-
bodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements
thereof without departing from the scope of the invention. In addition
many modifications may be made to adopt a particular situation or ma-
terial to the teachings of the invention without departing from the es-
sential scope thereof. Therefore, it is intended that the invention not be
limited to the particular embodiment disclosed, but that the invention in-
clude all embodiments falling within the scope of the dependent claims.
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heat exchanger bypass valve
heating fluid pump

control unit

refrigerant pressure sensor
refrigerant temperature sensor
heating fluid temperature sensor
ambient air temperature sensor
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Claims

1. Refrigeration and heating system (2) comprising

a refrigeration circuit (4) which comprises in the direction of flow of a
circulating refrigerant:
at least one compressor (6a, 6b, 6¢);
a refrigeration circuit side (8a) of a coupling heat exchanger (8);
at least one gas cooler (10);
at least one gas cooler bypass line (18) and at least one gas
cooler bypass valve assembly (25) allowing to bypass the at least one
gas cooler (10);
at least one expansion device (12, 14); and
at least one evaporator (16);
and
a heating circuit (20) which comprises in the direction of flow of a cir-
culating heating fluid:
a heating circuit side (8b) of the coupling heat exchanger (8); and
at least one heating device (22);

wherein the coupling heat exchanger (8) is configured for transfer-
ring heat from the circulating refrigerant to the circulating heating fluid;
and

wherein the gas cooler bypass valve assembly (25) is configured for
allowing to selectively direct a first flow of refrigerant either through the
gas cooler (10) or through the gas cooler bypass line (18) bypassing the
gas cooler (10) and to gradually or continuously regulate a second flow
of refrigerant flowing through the other of the gas cooler (10) and the
gas cooler bypass line (18) which mixes with the first flow downstream
of the gas cooler (10).

2. Refrigeration and heating system (2) of claim 1, wherein the gas
cooler bypass valve assembly (25) is located downstream of the gas
cooler (10).
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3. Refrigeration and heating system (2) of claim 1 or 2, wherein the gas
cooler bypass valve assembly (25) comprises a gradually or continu-
ously adjustable three-way gas cooler bypass valve (24).

4. Refrigeration and heating system (2) of claim 1 or 2, wherein the gas
cooler bypass valve assembly (25) comprises a digital three-way gas
cooler bypass valve (24) and an adjustable bypass valve (23) allowing to
by-pass the digital three-way gas cooler bypass valve (24).

5. Refrigeration and heating system (2) of claim 4, wherein the ad-
justable bypass valve (23) is connected between the outlet (10b) of the
gas cooler (10) and the outlet of the digital three-way gas cooler bypass
valve (24).

6. Refrigeration and heating system (2) of claim 4, wherein the ad-
justable bypass valve (23) is connected between the outlet of the gas
cooler bypass line (18) and the outlet of the digital three-way bypass
valve (24).

7. Refrigeration and heating system (2) of any of the preceding claims
further comprising a receiver (26) downstream of the gas cooler (10).

8. Refrigeration and heating system (2) of claim 7, further comprising a
high pressure expansion device (12) upstream of the receiver (26).

9. Refrigeration and heating system (2) of claim 7 or 8, further compris-
ing a flash gas line (28) connecting an upper portion of the receiver (26)
with the inlet site (7a, 7b, 7¢) of the at least one compressor (6a, 6b,
6C).

10. Refrigeration and heating system (2) of claim 9 further comprising a
flash gas valve (30) provided in the flash gas line (28).

11. Refrigeration and heating system (2) of claim 9 or 10, further com-
prising a flash gas heat exchanger (32) allowing heat exchange between
the flash gas and the refrigerant leaving from the bottom of the receiver
(26).
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12. Refrigeration and heating system (2) of any of the preceding claims,
further comprising a control unit (38), which is configured for controlling
the at least one compressor (6a, 6b, 6c) and/or the gas cooler bypass
valve assembly (25).

13. Refrigeration and heating system (2) of claim 12, further comprising
at least one of a refrigerant pressure sensor (40), a refrigerant temperat-
ure sensor (41, 42), a heating fluid temperature sensor (44) and an am-
bient air temperature sensor (46) in order to allow the control unit (38)
to control the compressors (6a, 6b, 6c) and/or the gas cooler bypass
valve assembly (25) based on the measured temperatures and/or pres-
sures.

14. Refrigeration and heating system (2) of any of the preceding claims,
wherein the refrigerant comprises carbon dioxide.

15. Method of operating a refrigeration and heating system (2) compris-
ing the steps of:

circulating a refrigerant through a refrigeration circuit (4) which com-
prises in the direction of flow of the circulating refrigerant:
at least one compressor (6a, 6b, 6¢);
a refrigeration circuit side (8a) of a coupling heat exchanger (8);
at least one gas cooler (10);
at least one gas cooler bypass-line;
at least one expansion device (12, 14); and
at least one evaporator (16);

circulating a heating fluid through a heating circuit (20) which com-
prises in the direction of flow of the circulating heating fluid:
a heating circuit side (8b) of the coupling heat exchanger (8); and
at least one heating device (22);

wherein the coupling heat exchanger (8) is configured for transfer-
ring heat from the circulating refrigerant to the circulating heating fluid;
and
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the method further includes the steps of selectively directing a first
flow of refrigerant either through the gas cooler (10) or through the gas
cooler bypass line (18) bypassing the gas cooler (10) and of gradually or
continuously regulating a second flow of refrigerant flowing through the
other of the gas cooler (10) and the gas cooler bypass line (18), wherein
said second flow mixes with the first flow downstream of the gas cooler

(10).
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