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FIGURE 1

(57) Abrege/Abstract:
An integrated CO, refrigeration and air conditioning (AC) system for use In a facility includes one or more CO, compressors

configured to discharge a CO, refrigerant at a higher pressure for circulation through a circuit to provide cooling to one or more
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(57) Abrege(suite)/Abstract(continued):
refrigeration loads In the facility and a receiver configured to receive the CO, refrigerant at a lower pressure through a high pressure

valve. The Integrated system further includes an AC module configured to deliver a chilled AC coolant to AC loads in the facllity.
The AC module includes an AC evaporator and an AC compressor. The AC evaporator has an inlet configured to receive CO,
iquid and an outlet configured to discharge a CO, vapor. The AC compressor Is arranged Iin parallel with the one or more CO,
compressors and Is configured to receive CO,, vapor from both the AC evaporator and the receiver.
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(34) Title: CO, REFRIGERATION SYSTEM WITH INTEGRATED AIR CONDITIONING MODULE

(87) Abstract: An mtegrated CO, refrigeration and air conditioning
10 (AC) system for use in a facility includes one or more CO, com-
\ pressors configured to discharge a CO, refrigerant at a higher pressure
for circulation through a circuit to provide cooling to one or more re-
frigeration loads in the facility and a receiver configured to receive the
CO; refrigerant at a lower pressure through a high pressure valve. The
integrated system further includes an AC module configured to deliver
a chilled AC coolant to AC loads 1n the facility. The AC module -
cludes an AC evaporator and an AC compressor. The AC evaporator
has an mlet configured to receive CO:; liquid and an outlet contigured
to discharge a CO, vapor. The AC compressor 1s arranged i parallel
with the one or more CO, compressors and 1s configured to receive
CO; vapor from both the AC evaporator and the receiver.
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CO; REFRIGERATION SYSTEM WITH INTEGRATED AIR
CONDITIONING MODULE

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] The present Application claims the benefit of and priority to U.S. Provisional
Application No. 61/646,082 filed May 11, 2012, U.S. Provisional Application No.
61/651,341 filed May 24, 2012, and U.S. Provisional Application No. 61/668,803 filed July
6,2012. U.S. Provisional Applications Nos. 61/646,082, 61/651,341, and 61/668,803 arc

hereby incorporated by reference in their entireties.

BACKGROUND

[0002] This section 1s intended to provide a background or context to the invention recited
in the claims. The description herein may include concepts that could be pursued, but are
not necessarily ones that have been previously conceived or pursued. Therefore, unless
otherwise indicated herein, what 1s described 1n this section 18 not prior art to the description

and claims 1n this Application and 1s not admitted to be prior art by inclusion in this section.

[0003] The present disclosure relates generally to a refrigeration system primarily using
carbon dioxide (1.¢., COy) as a refrigerant. The present disclosure relates more particularly
to a CO; refrigeration system for supermarkets or like facilities, the refrigeration system
having a flexible module that provides cooling for air conditioning (“AC”) loads of the
facility. The present disclosure relates more particularly to an AC module having an
cvaporator (¢.g., an AC chiller, a fan-coil unit, etc.) to receive the CO; refrigerant and a

compressor operating in parallel with compressors of the CO; refrigeration system.

[0004] Refrigeration systems that provide cooling to temperature controlled display
devices (e.g. cases, merchandisers, etc.) in supermarkets or stmilar facilities typically
operate independently from air conditioning systems used to cool the facilities during warm
or humid weather (¢.g. in warmer climates, during daily or seasonal temperature variations,
ctc.). Further, such refrigeration systems and air conditioning systems are typically not
integrated 1n a manner that increases the efficiency of the system(s) or that provides flexible

modularity in the way that the systems are integrated.
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[0005] Accordingly, 1t would be desirable to provide a CO, refrigeration system having a
flexible module for mtegrating the cooling of air conditioning loads in a manner that

increases the efficiency of the systems.

SUMMARY

[0006] Onec implementation of the present disclosure 18 an integrated CO, refrigeration
and air conditioning (AC) system for use 1n a facility. The mtegrated system includes one
or more CO, compressors configured to discharge a CO; refrigerant at a higher pressure for
circulation through a circuit to provide cooling to one or more refrigeration loads 1n the
facility and a receiver configured to receive the CO, refrigerant at a lower pressure through

a high pressure valve. The receiver has a CO, liquid portion and a CO; vapor portion.

[0007] The integrated system further includes an AC module configured to deliver a
chilled AC coolant to AC loads 1n the facility. The AC module includes an AC evaporator
and an AC compressor. The AC evaporator has an inlet configured to receive CO, hiquid
and an outlet configured to discharge a CO, vapor. The AC compressor 18 arranged 1n
parallel with the one or more CO, compressors and 1s configured to recerve CO; vapor from

both the AC evaporator and the receiver.

[0008] Another implementation of the present disclosure 1s another integrated CO?2
refrigeration and air conditioning system for use 1n a facility. The integrated system
includes a CO, refrigeration circuit configured to circulate a CO, refrigerant to refrigeration
loads 1n the facility and an AC module configured to deliver a chilled AC coolant to AC
loads 1n the facility.

[0009] The CO, refrigeration circuit includes a plurality of parallel CO, compressors, a
gas cooler/condenser, a recerver having a CO; vapor portion and a CO; liquid portion, and a
CO; liquid supply line. The CO; liquid supply line 1s coupled to the CO, liquid portion of
the receiver and configured to direct CO, liquid to one or more refrigeration loads 1 the

facility.

[0010] The AC module includes an AC evaporator and an AC compressor. The AC
cvaporator has an inlet configured to receive the CO; refrigerant from the CO, refrigeration
circuit and an outlet configured to discharge the CO, refrigerant. The AC compressor 18
arranged 1n parallel with the plurality of parallel CO, compressors, the AC compressor

configured to recerve CO, vapor from both the AC evaporator and the recerver.
-
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[0011] Another implementation of the present disclosure 1s yet another integrated CO,
refrigeration and air conditioning system for use 1n a facility. The integrated system
includes a CO; refrigeration circuit configured to circulate a CO; refrigerant to refrigeration
loads 1n the facility and an AC module integrated with the CO; refrigeration circuit and

configured to provide cooling for AC loads 1n the facility.

[0012] The CO; refrigeration circuit includes a CO, compressor configured to discharge
the CO; refrigerant at a first pressure into a first fluid line and a receiver configured to
recerve the CO, refrigerant at a second pressure lower than the first pressure. The recerver
has a CO, liquid portion and a CO, vapor portion. The CO, refrigeration circuit further
includes a high pressure valve disposed between the CO, compressor and the receiver. The
high pressure valve 1s configured to receive the CO, refrigerant at the first pressure from a

second fluid line and discharge the CO, refrigerant to the second pressure.

[0013] The AC module includes an AC evaporator configured to receive CO, refrigerant
from a component of the CO, refrigeration circuit and transfer heat to the CO; refrigerant.
The component of the CO; refrigeration circuit from which the CO, refrigerant 18 received
1s sclected from a group consisting of: the second fluid line, the CO, liquid portion of the
recerver, and the high pressure valve. The AC module further includes an AC compressor
arranged 1n parallel with the CO, compressor. The AC compressor 18 configured to receive
vapor CO; refrigerant from the CO, vapor portion of the receiver and to discharge vapor

CO; refrigerant into the first fluid line.

[0014] Those skilled 1n the art will appreciate that the foregoing summary 1s 1llustrative
only and 1s not intended to be in any way limiting. Other aspects, inventive features, and
advantages of the devices and/or processes described herein, as defined solely by the claims,
will become apparent 1n the detailed description set forth herein and taken 1n conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGURE 1 1s a schematic representation of a CO; refrigeration system having a
low temperature (“LT”’) system portion for cooling LT loads (¢.g. LT evaporators in LT
display devices) and a medium temperature (“MT”) system portion for cooling MT loads
(c.g. MT evaporators in MT display devices) 1n a facility such as a supermarket or the like,

according to an exemplary embodiment.

_3-
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[0016] FIGURE 2 1s a schematic representation of the CO, refrigeration system of
FIGURE 1 having a flexible AC module for integrating cooling for air conditioning loads in

the facility, according to an exemplary embodiment.

[0017] FIGURE 3 1s a schematic representation of the CO, refrigeration system of
FIGURE 1 having another flexible AC module for integrating cooling for air conditioning

loads 1n the facility, according to another exemplary embodiment.

[0018] FIGURE 4 1s a schematic representation of the CO; refrigeration system of
FIGURE 1 having yet another flexible AC module for integrating cooling for air

conditioning loads in the facility, according to another exemplary embodiment.

DETAILED DESCRIPTION

[0019] Referring generally to the FIGURES, a CO; refrigeration system 1s shown,
according to various exemplary embodiments. The CO; refrigeration system may be used
to provide cooling for temperature controlled display devices 1in a supermarket or similar
facility. Advantageously, the CO, refrigeration system may include one or more flexible air
conditioning modules (1.¢., “AC modules”) for integrating air conditioning loads (1.¢., “AC
loads”) or other loads associated with cooling the facility. The flexible AC modules may be
desirable when the facility 1s located in warmer climates, or locations having daily or
scasonal temperature variations that make air conditioning desirable within the facility. The
flexible AC modules are “flexible” in the sense that they may have any of a wide variety of
capacitics by varying the size, capacity, and number of heat exchangers and/or compressors

provided within the AC modules.

[0020] In some embodiments, the flexible AC modules are adapted to conveniently
interconnect (¢.g. “plug-and-play”) with the piping of an existing CO, refrigeration system
when integration 18 desirable for an intended facility or application. For example, the
flexible AC modules may be integrated with an existing CO, refrigeration system by
forming only a relatively small number (¢.g., 2-3) of connections between the flexible AC
modules and the CO; refrigeration system. To further increase convenience, the flexible
AC modules may be connected with the existing CO, refrigeration system using quick-
disconnects, flexible hoses/connections, “plug-and-play” adapters, or other convenient

connection devices.
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[0021] Advantageously, the AC modules may enhance or increase the efficiency of the
systems (¢.g., the CO; refrigeration system, the AC system, the combined system, etc.) by
the synergistic effects of combining the source of cooling for both systems 1n a parallel
compression arrangement. In some embodiments, an AC compressor may be used to draw
uncondensed CO, vapor from a receiving tank (e.g., a flash tank, the “receiver,” etc.) as a
means for pressure control and regulation within the receiving tank. Using the AC
compressor to effectuate pressure control and regulation may provide a more efficient
alternative to other pressure regulation techniques such as bypassing CO, vapor through a
bypass valve to the lower pressure suction side of the CO; refrigeration system

COMpPressors.

[0022] Although the various embodiments of the disclosure are described 1n terms of
supermarket facilities, temperature controlled display devices and air conditioning loads,
other suitable loads for integration within a refrigeration system consistent with the
principles described herein are intended to be within the scope of this disclosure. Further,
specific temperatures and/or pressures described herein are intended as 1llustrative only and
are not intended to be limiting, as other pressure and/or temperature ranges may be used to

suit other system variations or applications.

[0023] Referring more particularly to FIGURE 1, a CO, refrigeration system 100 1s shown
according to an exemplary embodiment. CO; refrigeration system 100 may be a vapor
compression refrigeration system which uses primarily carbon dioxide as a refrigerant. CO;
refrigeration system 100 and 1s shown to include a system of pipes, conduits, or other fluid
channels (e.g., fluid conduits 1, 3, 5, 7, and 9) for transporting the carbon dioxide between
various thermodynamic components the refrigeration system. The thermodynamic
components of CO; refrigeration system 100 are shown to include a gas cooler/condenser 2,
a high pressure valve 4, a receiving tank 6, a gas bypass valve 8, a medium-temperature

(“MT”) system portion 10, and a low-temperature (“LT”’) system portion 20.

[0024] Gas cooler/condenser 2 may be a heat exchanger or other similar device for
removing heat from the CO; refrigerant. Gas cooler/condenser 2 18 shown recerving CO»
vapor from fluid conduit 1. In some embodiments, the CO, vapor in fluid conduit 1 may
have a pressure within a range from approximately 45 bar to approximately 100 bar (1.¢.,
about 640 psig to about 1420 psig), depending on ambient temperature and other operating

conditions. In some embodiments, gas cooler/condenser 2 may partially or fully condense

5.
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CO, vapor 1nto liquid CO; (e.g., if system operation 1s 1n a subcritical region). The
condensation process may result in fully saturated CO, liquid or a liquid-vapor mixture
(¢.g., having a thermodynamic quality between 0 and 1). In other embodiments, gas
cooler/condenser 2 may cool the CO; vapor (¢.g., by removing superheat) without
condensing the CO, vapor into CO, liquad (e.g., if system operation 18 1n a supercritical
region). In some embodiments, the cooling/condensation process 1s an 1sobaric process.
Gas cooler/condenser 2 1s shown outputting the cooled and/or condensed CO; refrigerant

into fluid conduait 3.

[0025] High pressure valve 4 receives the cooled and/or condensed CO; refrigerant from
fluid conduit 3 and outputs the CO, refrigerant to fluid conduit 5. High pressure valve 4
may control the pressure of the CO; refrigerant in gas cooler/condenser 2 by controlling an
amount of CO, refrigerant permitted to pass through high pressure valve 4. In some
embodiments, high pressure valve 4 1s a high pressure thermal expansion valve (e.g., if the
pressure in fluid conduit 3 is greater than the pressure 1n fluid conduit 5). In such
embodiments, high pressure valve 4 may allow the CO, refrigerant to expand to a lower
pressure state. The expansion process may be an 1senthalpic and/or adiabatic expansion
process, resulting 1n a flash evaporation of the high pressure CO, refrigerant to a lower
pressure, lower temperature state. The expansion process may produce a liquid/vapor
mixture (€.g., having a thermodynamic quality between 0 and 1). In some embodiments, the
CO; refrigerant expands to a pressure of approximately 38 bar (e.g., about 540 psig), which
corresponds to a temperature of approximately 37° F. The CO, refrigerant then flows from

fluid conduit 5 into receiving tank 6.

[0026] Receiving tank 6 collects the CO; refrigerant from fluid conduit 5. In some
embodiments, receiving tank 6 may be a flash tank or other fluid reservoir. Receiving tank
6 includes a CO2 liquid portion and a CO2 vapor portion and may contain a partially
saturated mixture of CO, liquid and CO, vapor. In some embodiments, receiving tank 6
separates the CO, liquid from the CO; vapor. The CO; liquid may exit receiving tank 6
through fluid conduits 9. Fluid conduits 9 may be liquid headers leading to either MT
system portion 10 or LT system portion 20. The CO, vapor may exit recerving tank 6
through fluid conduit 7. Fluid conduit 7 1s shown leading the CO, vapor to gas bypass

valve .
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[0027] Gas bypass valve 8 1s shown receiving the CO, vapor from fluid conduit 7 and
outputting the CO, refrigerant to MT system portion 10. In some embodiments, gas bypass
valve 8 regulates or controls the pressure within receiving tank 6 by controlling an amount
of CO; refrigerant permitted to pass through gas bypass valve 8 (¢.g., by regulating a
position of gas bypass valve 8). Gas bypass valve 8 may open and close as needed to
regulate the pressure within recerving tank 6. In some embodiments, gas bypass valve &
may be a thermal expansion valve (e.g., if the pressure on the downstream side of gas
bypass valve 8 1s lower than the pressure 1n fluid conduit 7). According to one
embodiment, the pressure within receiving tank 6 1s regulated by gas bypass valve & to a
pressure of approximately 38 bar, which corresponds to about 37°F. Advantageously, this
pressure/temperature state (1.¢., approximately 38 bar, approximately 37°F ) may facilitate
the use of copper tubing/piping for the downstream CO; lines of the system. Additionally,
this pressure/temperature state may allow such copper tubing to operate 1n a substantially

frost-free manner.

[0028] Still referring to FIGURE 1, MT system portion 10 1s shown to include one or
more expansion valves 11, one or more MT evaporators 12, and one or more MT
compressors 14. In various embodiments, any number of expansion valves 11, MT
cvaporators 12, and MT compressors 14 may be present. Expansion valves 11 may be
clectronic expansion valves or other similar expansion valves. Expansion valves 11 are
shown receiving liquid CO; refrigerant from fluid conduit 9 and outputting the CO;
refrigerant to MT evaporators 12. Expansion valves 11 may cause the CO, refrigerant to
undergo a rapid drop 1n pressure, thereby expanding the CO, refrigerant to a lower pressure,
lower temperature state. In some embodiments, expansion valves 11 may expand the CO;
refrigerant to a pressure of approximately 30 bar. The expansion process may be an

isenthalpic and/or adiabatic expansion process.

[0029] MT cvaporators 12 are shown recerving the cooled and expanded CO, refrigerant
from expansion valves 11. In some embodiments, MT evaporators may be associated with
display cases/devices (e.g., 1if CO; refrigeration system 100 1s implemented 1n a supermarket
setting). MT evaporators 12 may be configured to facilitate the transfer of heat from the
display cases/devices into the CO, refrigerant. The added heat may cause the CO,
refrigerant to evaporate partially or completely. According to one embodiment, the CO;

refrigerant 1s fully evaporated in MT evaporators 12. In some embodiments, the

7.
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cvaporation process may be an 1sobaric process. MT evaporators 12 are shown outputting

the CO; refrigerant via fluid conduits 13, leading to MT compressors 14.

[0030] MT compressors 14 compress the CO; refrigerant into a superheated vapor having
a pressure within a range of approximately 45 bar to approximately 100 bar. The output
pressure from MT compressors 14 may vary depending on ambient temperature and other
operating conditions. In some embodiments, MT compressors 14 operate 1n a transcritical
mode. In operation, the CO; discharge gas exits MT compressors 14 and flows through

fluid conduit 1 into gas cooler/condenser 2.

[0031] Still referring to FIGURE 1, LT system portion 20 1s shown to include one or more
expansion valves 21, one or more LT evaporators 22, and one or more LT compressors 24.
In various embodiments, any number of expansion valves 21, LT evaporators 22, and LT
compressors 24 may be present. In some embodiments, L'T system portion 20 may be
omitted and the CO, refrigeration system 100 may operate with an AC module interfacing

with only MT system 10.

[0032] Expansion valves 21 may be electronic expansion valves or other similar
expansion valves. Expansion valves 21 are shown receiving liquid CO; refrigerant from
fluid conduit 9 and outputting the CO, refrigerant to LT evaporators 22. Expansion valves
21 may cause the CO, refrigerant to undergo a rapid drop in pressure, thereby expanding the
CO; refrigerant to a lower pressure, lower temperature state. The expansion process may be
an 1senthalpic and/or adiabatic expansion process. In some embodiments, expansion valves
21 may expand the CO, refrigerant to a lower pressure than expansion valves 11, thereby
resulting 1n a lower temperature CO; refrigerant. Accordingly, LT system portion 20 may

be used 1n conjunction with a freezer system or other lower temperature display cases.

[0033] LT evaporators 22 are shown receiving the cooled and expanded CO; refrigerant
from expansion valves 21. In some embodiments, LT evaporators may be associated with
display cases/devices (e.g., if CO, refrigeration system 100 1s implemented in a supermarket
setting). LT evaporators 22 may be configured to facilitate the transter of heat from the
display cases/devices into the CO, refrigerant. The added heat may cause the CO,
refrigerant to evaporate partially or completely. In some embodiments, the evaporation
process may be an 1sobaric process. LT evaporators 22 are shown outputting the CO,

refrigerant via fluid conduit 23, leading to LT compressors 24.
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[0034] LT compressors 24 compress the CO; refrigerant. In some embodiments, LT
compressors 24 may compress the CO; refrigerant to a pressure of approximately 30 bar
(c.g., about 425 psig) having a saturation temperature of approximately 23° F (¢.g., about -
5°C). LT compressors 24 are shown outputting the CO; refrigerant through fluid conduit
25. Fluid conduit 25 may be fluidly connected with the suction (¢.g., upstream) side of MT

compressors 14.

[0035] In some embodiments, the CO, vapor that 1s bypassed through gas bypass valve 8
1s mixed with the CO; refrigerant gas exiting M T evaporators 12 (¢.g., via fluid conduit 13).
The bypassed CO, vapor may also mix with the discharge CO, refrigerant gas exiting LT
compressors 24 (e.g., via fluid conduit 25). The combined CO; refrigerant gas may be

provided to the suction side of MT compressors 14.

[0036] Referring now to FIGURE 2, a flexible AC module 30 for integrating AC cooling
loads 1n a facility with CO; refrigeration system 100 1s shown, according to an exemplary
embodiment. AC module 30 1s shown to include an AC evaporator 32 (¢.g., a liquad chiller,
a fan-coil unit, a heat exchanger, etc.), an expansion device 34 (¢.g. an electronic expansion
valve), and at least one AC compressor 36. In some embodiments, flexible AC module 30
further includes a suction line heat exchanger 37 and CO, liquid accumulator 39. The size
and capacity of the AC module 30 may be varied to suit any intended load or application by

varying the number and/or size of evaporators, heat exchangers, and/or compressors within

AC module 30.

[0037] Advantageously, AC module 30 may be readily connectible to CO, refrigeration
system 100 using a relatively small number (€.g., a minimum number) of connection points.
According to an exemplary embodiment, AC module 30 may be connected to CO»
refrigeration system 100 at three connection points: a high-pressure liquid CO; line
connection 38, a lower-pressure CO, vapor line (gas bypass) connection 40, and a CO,
discharge line 42 (to gas cooler/condenser 2). Each of connections 38, 40 and 42 may be
readily facilitated using flexible hoses, quick disconnect fittings, highly compatible valves,
and/or other convenient “plug-and-play” hardware components. In some embodiments,
some or all of connections 38, 40, and 42 may be arranged to take advantage of the pressure

differential between gas cooler/condenser 2 and recerving tank 6.

[0038] Still referring to FIGURE 2, when AC module 30 1s installed in CO; refrigeration

system 100, AC compressor 36 may operate in parallel with MT compressors 14. For

9.
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example, a portion of the high pressure CO, refrigerant discharged from gas
cooler/condenser 2 (e.g., into fluid conduit 3) may be directed through CO, liquid line
connection 38 and through expansion device 34. Expansion device 34 may allow the high
pressure CO; refrigerant to expand a lower pressure, lower temperature state. The
expansion process may be an 1senthalpic and/or adiabatic expansion process. The expanded
CO, refrigerant may then be directed into AC evaporator 32. In some embodiments,
expansion device 34 adjusts the amount of CO; provided to AC evaporator 32 to maintain a
desired superheat temperature at (or near) the outlet of the AC evaporator 32. After passing
through AC evaporator 32, the CO, refrigerant may be directed through suction line heat
exchanger 37 and CO, liquid accumulator 39 to the suction (1.¢., upstream) side of AC

compressor 36.

[0039] In some embodiments, AC evaporator 32 acts as a chiller to provide a source of
cooling (e.g., building zone cooling, ambient air cooling, etc.) for the facility in which CO,
refrigeration system 100 1s implemented. In some embodiments, AC evaporator 32 absorbs
heat from an AC coolant that circulates to the AC loads 1n the facility. In other
embodiments, AC evaporator 32 may be used to provide cooling directly to air 1in the

facility.

[0040] According to an exemplary embodiment, AC evaporator 32 1s operated to maintain
a CO; refrigerant temperature of approximately 37°F (e.g., corresponding to a pressure of
approximately 38 bar). AC evaporator 32 may maintain this temperature and/or pressure at
an 1nlet of AC evaporator 32, an outlet of AC evaporator 32, or at another location within
AC module 30. In other embodiments, expansion device 34 may maintain a desired CO;
refrigerant temperature. The CO, refrigerant temperature maintained by AC evaporator 32
or expansion device 34 (¢.g., approximately 37°F) may be well-suited in most applications
for chilling an AC coolant supply (¢.g. water, water/glycol, or other AC coolant which
expels heat to the CO, refrigerant). The AC coolant may be chilled to a temperature of
about 45°F or other temperature desirable for AC cooling applications 1n many types of

facilities.

[0041] Advantageously, integrating AC module 30 with CO, refrigeration system 100
may 1ncrease the efficiency of CO, refrigeration system 100. For example, during warmer
periods (e.g. summer months, mid-day, etc.) the CO; refrigerant pressure within gas

cooler/condenser 2 tends to increase. Such warmer periods may also result in a higher AC
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cooling load required to cool the facility. By integrating AC module 30 with refrigeration
system 100, the additional CO; capacity (e.g., the higher pressure 1in gas cooler/condenser 2)
may be used advantageously to provide cooling for the facility. The dual effects of warmer
environmental temperatures (¢.g., higher CO, refrigerant pressure and an increased cooling
load requirement) may both be addressed and resolved 1n an efficient and synergistic

manner by integrating AC module 30 with CO; refrigeration system 100.

[0042] Additionally, according to the embodiment 1llustrated in FIGURE 2, AC module
30 can be used to more efficiently regulate the CO; pressure 1n receiving tank 6. Such
pressure regulation may be accomplished by drawing CO, vapor directly from the receiving
tank 6 and avoiding (or minimizing) the need to bypass CO, vapor from the receiving tank 6

to the lower-pressure suction side of the MT compressors 14 (¢.g., through gas bypass valve

).

[0043] For example, in system configurations without AC module 30, gas bypass valve 8
operates (¢.g. modulates) to bypass an amount of CO, vapor from recerving tank 6 to the
suction side of MT compressors 14 as necessary to maintain or regulate the CO; refrigerant
pressure within recerving tank 6. The CO; refrigerant pressure may drop when passing
through gas bypass valve 8 (e.g., from approximately 38 bar (about 540 psig) to
approximately 30 bar (about 425 psig)). Any CO, vapor bypassed from receiving tank 6 to
the suction side of MT compressors 14 (¢.g., through gas bypass valve 8) 1s necessarily re-

compressed from the lower pressure of about 30 bar by the MT compressors 14.

[0044] Advantageously, when AC module 30 1s integrated with CO, refrigeration system
100, CO, vapor from receiving tank 6 1s provided through CO, vapor line connection 40 to
the downstream side of AC evaporator 32 and the suction side of AC compressor 36. Such
integration may establish an alternate (or supplemental) path for bypassing CO; vapor from
receiving tank 6, as may be necessary to maintain the desired pressure (e.g., approximately
38 bar) within receiving tank 6. In some embodiments, AC module 30 draws its supply of
CO; refrigerant from line 38, thereby reducing the amount of CO, that 1s received within
recerving tank 6. In the event that the pressure 1n recerving tank 6 increases above the
desired pressure (e.g. 38 bar, ctc.), CO, vapor can be drawn by AC compressor 36 through
CO, vapor line 40 in an amount sufficient to maintain the desired pressure within receiving
tank 6. The ability to use the CO; vapor line 40 and AC compressor 36 as a supplemental

bypass path for CO, vapor from receiving tank 6 provides a more efficient way to maintain
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the desired pressure in recerving tank 6 and avoids or minimizes the need to directly bypass
CO, vapor across gas bypass valve 8 to the lower-pressure suction side of the MT

compressors 14.

[0045] Still referring to FIGURE 2, at intersection 41, the CO» vapor discharged from AC
evaporator 32 may be mixed with CO, vapor output from receiving tank 6 (¢.g., through
fluid conduit 7 and vapor line 40, as necessary for pressure regulation). The mixed CO,
vapor may then be directed through suction line heat exchanger 37 and liquid CO;
accumulator 39 to the suction (e.g., upstrecam) side of AC compressor 36. AC compressor
36 compresses the mixed CO;, vapor and discharges the compressed CO; refrigerant into
connection line 42. Connection line 42 may be fluidly connected to fluid conduit 1, thereby
forming a common discharge header with MT compressors 14. The common discharge

header 1s shown leading to gas cooler/condenser 2 to complete the cycle.

[0046] Suction line heat exchanger 37 may be used to transfer heat from the high pressure
CO, refrigerant exiting gas cooler/condenser 2 (e.g., via fluid conduit 3) to the mixed CO,
refrigerant at or near intersection 41. Suction line heat exchanger 37 may help cool/sub-
cool the high pressure CO; refrigerant in fluid conduit 3. Suction line heat exchanger 37
may also assist 1in ensuring that the CO, refrigerant approaching the suction of AC
compressor 36 1s sufficiently superheated (e.g., having a superheat or temperature
exceeding a threshold value) to prevent condensation or liquid formation on the upstream
side of AC compressor 36. In some embodiments, CO, liquid accumulator 39 may also be

included to further prevent any CO; liquid from entering AC compressor 36.

[0047] Still referring to FIGURE 2, AC module 30 may be integrated with CO,
refrigeration system 100 such that integrated system can adapt to a loss of AC compressor
36 (¢.g. due to equipment malfunction, maintenance, etc.), while still maintaining cooling
for the AC loads and still providing CO, pressure control for recerving tank 6. For example,
in the event that AC compressor 36 becomes non-functional, the CO, vapor discharged
from AC evaporator 32 may be automatically (1.¢. upon loss of suction from the AC
compressor) directed back through CO, vapor line connection 40 toward fluid conduit 7.

As the COj, refrigerant pressure increases 1n receiving tank 6 above the desired setpoint (e.g.
38 bar), the CO, vapor can be bypassed through gas bypass valve 8 and compressed by MT

compressors 14. The parallel compressor arrangement of AC compressor 36 and MT
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compressors 14 allows for continued operation of AC module 30 in the event of an

inoperable AC compressor 36.

[0048] Referring now to FIGURE 3, a flexible AC module 130 for integrating AC cooling
loads 1n a facility with CO; refrigeration system 100 1s shown, according to another
exemplary embodiment. AC Module 130 1s shown to include an AC evaporator 132 (¢.g., a
liquid chiller, a fan-coil unit, a heat exchanger, etc.), an expansion device 134 (e.g. an
clectronic expansion valve), and at least one AC compressor 136. In some embodiments,
flexible AC module 30 further includes a suction line heat exchanger 137 and CO; liquid
accumulator 139. AC evaporator 132, expansion device 134, AC compressor 136, suction
line heat exchanger 137, and CO; liquid accumulator 139 may be the same or similar to
analogous components (¢.g., AC evaporator 32, expansion device 34, AC compressor 36,
suction line heat exchanger 37, and CO; liquid accumulator 39) of AC module 30. The size
and capacity of AC module 130 may be varied to suit any intended load or application (¢.g.,

by varying the number and/or size of evaporators, heat exchangers, and/or compressors

within AC module 130.

[0049] In some embodiments, AC module 130 1s readily connectible to CO, refrigeration
system 100 by a relatively small number (e.g., a minimum number) of connection points.
According to an exemplary embodiment, AC module 130 may be connected to CO,
refrigeration system 100 at three connection points: a liquid CO; line connection 138, a CO;
vapor line connection 140, and a CO; discharge line 142. Liquid CO; line connection 138
1s shown connecting to fluid conduit 9 and may receive liquid CO; refrigerant from
recerving tank 6. CO, vapor line connection 140 1s shown connecting to fluid conduit 7 and
may receive CO;, bypass gas from receiving tank 6. CO; discharge line 142 1s shown
connecting the output (e.g., downstream side) of AC compressor 136 to fluid conduit 1,
leading to gas cooler/condenser 2. Each of connections 138, 140 and 142 may be readily
facilitated using flexible hoses, quick disconnect fittings, highly compatible valves, and/or

other convenient “plug-and-play” hardware components.

[0050] In operation, a portion of the liquid CO; refrigerant exiting receiving tank 6 (e.g.,
via fluid conduit 9) may be directed through CO, liquid line connection 138 and through
expansion device 134. Expansion device 34 may allow the liquid CO; refrigerant to expand
a lower pressure, lower temperature state. The expansion process may be an 1senthalpic

and/or adiabatic expansion process. The expanded CO; refrigerant may then be directed
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into AC evaporator 132. In some embodiments, expansion device 134 adjusts the amount of
CO, provided to AC evaporator 132 to maintain a desired superheat temperature at (or near)
the outlet of the AC evaporator 132. After passing through AC evaporator 132, the CO;
refrigerant may be directed through suction line heat exchanger 137 and CO; liquid

accumulator 139 to the suction (1.¢., upstream) side of AC compressor 136.

[0051] Still referring to FIGURE 3, one primary difference between AC module 30 and
AC module 130 1s that AC module 130, avoids the high pressure CO; nlet (e.g., from fluid
conduit 3) as a source of CO,. Instead, AC module 130 uses a lower-pressure source of
CO; refrigerant supply (¢.g., from fluid conduit 9). Fluid conduit 9 may be fluidly
connected with recerving tank 6 and may operate at a pressure equivalent or substantially
cquivalent to the pressure within receiving tank 6. In some embodiments, fluid conduit 9

provides liquid CO; refrigerant having a pressure of approximately 38 bar.

[0052] In some implementations, AC module 130 may be used as an alternative or
supplement to AC module 30. The configuration provided by AC module 130 may be
desirable for implementations in which AC evaporator 132 1s not mounted on a refrigeration
rack with the components of CO; refrigeration system 100. AC module 130 may be used
for implementations 1n which AC evaporator 132 1s located elsewhere 1n the facility (e.g.
near the AC loads). Additionally, the lower pressure liquid CO, refrigerant provided to AC
module 130 (e.g., from fluid conduit 9 rather than from fluid conduit 3) may facilitate the
use of lower pressure components for routing the CO; refrigerant (e€.g. copper tubing/piping,

etc.).

[0053] In some embodiments, AC module 130 may include a pressure-reducing device
135. Pressure reducing-device 135 may be a motor-operated valve, a manual expansion
valve, an clectronic expansion valve, or other element capable of effectuating a pressure
reduction 1n a fluid flow. Pressure-reducing device 135 may be positioned 1n line with
vapor line connection 140 (e.g., between fluid conduit 7 and intersection 141). In some
embodiments, pressure-reducing device 135 may reduce the pressure at the outlet of AC
cevaporator 132. In some embodiments, the heat absorption process which occurs within AC
cvaporator 132 1s a substantially 1sobaric process. In other words, the CO, pressure at both
the mlet and outlet of AC evaporator 132 may be substantially equal. Additionally, the CO,
vapor 1n fluid conduit 7 and the liquid CO; in fluid conduit 9 may have substantially the

same pressure since both fluid conduits 7 and 9 draw CO; refrigerant from receiving tank 6.
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Therefore, pressure-reducing device may provide a pressure drop substantially equivalent to

the pressure drop caused by expansion device 134.

[0054] In some embodiments, line connection 140 may be used as an alternate (or
supplemental) path for directing CO, vapor from receiving tank 6 to the suction of AC
compressor 136. Line connection 140 and AC compressor 136 may provide a more
ctficient mechanism of controlling the pressure m recerving tank 6 (e.g., rather than
bypassing the CO, vapor to the suction side of the MT compressors 14, as described with

reference to AC module 30), thereby increasing the efficiency of CO; refrigeration system

100.

[0055] Retferring now to FIGURE 4, a flexible AC module 230 for integrating cooling
loads 1n a facility with CO; refrigeration system 100 1s shown, according to another
exemplary embodiment. AC module 230 1s shown to include an AC evaporator 232 (¢.g., a
liquad chiller, a fan-coil unit, a heat exchanger, e¢tc.) and at least one AC compressor 236. In
some embodiments, flexible AC module 30 further includes a suction line heat exchanger
237 and CO; liquid accumulator 239. AC evaporator 232, AC compressor 236, suction line
heat exchanger 237, and CO; liquid accumulator 239 may be the same or similar to
analogous components (¢.g., AC evaporator 32, AC compressor 36, suction line heat
exchanger 37, and CO, liquid accumulator 39) of AC module 30. AC module 230 does not
require an expansion device as previously described with reference to AC modules 30 and
130 (e.g., expansion devices 34 and 134). The size and capacity of the AC module 230 may
be varied to suit any intended load or application by varying the number and/or size of

cvaporators, heat exchangers, and/or compressors within AC module 230.

[0056] Advantageously, AC module 230 may be readily connectible to CO, refrigeration
system 100 using a relatively small number (€.g., a minimum number) of connection points.
According to an exemplary embodiment, AC module 30 may be connected to CO,
refrigeration system 100 at two connection points: a CO, vapor line connection 240, and a
CO, discharge line 242. CO; vapor line connection 240 18 shown connecting to fluid
conduit 7 and may receive (if necessary) CO, bypass gas from recerving tank 6. CO,
discharge line 242 1s shown connecting the output of AC compressor 236 to fluid conduit 1,
which leads to gas cooler/condenser 2. Both of connections 240 and 242 may be readily
facilitated using flexible hoses, quick disconnect fittings, highly compatible valves, and/or

other convenient “plug-and-play” hardware components.
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[0057] In some embodiments, AC module 230 has an inlet connection 244 and an outlet
connection 246. Both inlet connection 244 and outlet connection 246 may connect (€.g.,
directly or indirectly) to respective inlet and outlet ports of AC evaporator 232. AC
cvaporator 232 may be positioned 1n line with fluid conduit 5 between high pressure valve 4
and receiving tank 6. AC evaporator 232 1s shown receiving an entire mass flow of a the
CO, refrigerant from gas cooler/condenser 2 and high pressure valve 4. AC evaporator 232
may receive the CO; refrigerant as a liquid-vapor mixture from high pressure valve 4. In
some embodiments, the CO; liquid-vapor mixture is supplied to AC evaporator 232 at a
temperature of approximately 3°C. In other embodiments, the CO, liquid-vapor mixture
may have a different temperature (¢.g., greater than 3°C, less than 3°C) or a temperature

within a range (¢.g., including 3°C or not including 3°C).

[0058] Within AC evaporator 232, a portion of the CO; liquid 1n the mixture evaporates to
chill a circulating AC coolant (¢.g. water, water/glycol, or other AC coolant which expels
heat to the CO, refrigerant). In some embodiments, the AC coolant may be chilled from
approximately 12°C to approximately 7°C. In other embodiments, other temperatures or
temperature ranges may be used. The amount of CO; liquid which evaporates may depend
on the cooling load (¢.g., rate of heat transfer, cooling required to achieve a setpoint, etc.).
After chilling the AC coolant, the entire mass flow of the CO, liquid-vapor mixture may
ex1t AC evaporator 232 and AC module 230 (e.g., via outlet connection 246) and may be

directed to recerving tank 6.

[0059] CO, refrigerant vapor 1n receiving tank 6 can exit recerving tank 6 via fluid
conduit 7. Fluid conduit 7 1s shown fluidly connected with the suction side of AC
compressor 236 (e.g., by vapor line connection 240). In some embodiments, CO, vapor
from receiving tank 6 travels through fluid conduit 7 and vapor line connection 240 and 1s
compressed by AC compressor 236. AC compressor 236 may be controlled to regulate the
pressure of CO, refrigerant within receiving tank 6. This method of pressure regulation
may provide a more efficient alternative to bypassing the CO; vapor through gas bypass

valve .

[0060] Advantageously, AC module 230 provides an AC evaporator that operates “in
line” (e.g., 1n series, via a linear connection path, etc.) to use all of the CO, liquid-vapor
mixture provided by high-pressure valve 4 for cooling the AC loads. This cooling may

evaporate some or all of the liquid 1in the CO, mixture. After exiting AC module 230, the
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CO, refrigerant (now having an increased vapor content) 18 directed to recerving tank 6.
From receiving tank 6, the CO, refrigerant and may readily be drawn by AC compressor

236 to control and/or maintain a desired pressure 1n receiving tank 6.

[0061] According to any exemplary embodiment, an AC module (¢.g., AC module 30,
130, or 230) as described herein for use with CO; refrigeration system 100 provides a
compact, inexpensive, casily istallable and modular solution for enhancing the efficiency
of the cooling systems (¢.g., refrigeration systems and building zone cooling systems) in
any type of facility implementing a refrigeration system and an AC system (¢.g.,
supermarket facilities that are located 1n relatively warmer climates, etc.). The efficiency of
the cooling systems may be enhanced by integrating the AC cooling loads with the CO,

refrigeration system 1n a parallel compression arrangement.

[0062] Additionally, the parallel compression arrangement of the AC module with MT
compressors 14 provides a more efficient method for controlling CO, pressure within
receiving tank 6. For example, the AC module and/or AC compressor (¢.g., AC compressor
36, 136, or 236) provide a more efficient use for excess CO; vapor 1n receiving tank 6 than

bypassing the CO; vapor through gas bypass valve 8.

[0063] Further, the AC module operates 1n a relatively fail-safe manner 1n the event of
malfunction or maintenance of the AC compressor. For example, by permitting CO,
discharge flow from the AC evaporator to re-route through gas bypass valve 8 (¢.g., via line
connection 40 as shown 1n FIGURE 2), the CO; refrigerant can be compressed by MT
compressors 14. Advantageously, the parallel compression arrangement allows the AC
module to maintain cooling and pressure regulation functionality in the event of an AC
compressor failure. In some embodiments, the CO; refrigerant can be rerouted upon a

sensed pressure increase 1n receiving tank 6 when the parallel AC compressor stops.

[0064] The AC module provides desired modularity by requiring only a minimum number
of connection points (€.g., two connection points, three connection points, etc.) that are each
readily connectable with the piping (e.g. on or at a “rack™ of equipment) for CO;
refrigeration system 100. The AC module also provides desired scalability by allowing a
variety of sizes, numbers, and or capacities of evaporators, heat exchangers, and/or

compressors within the AC module.

[0065] In some embodiments (¢.g., as described with reference to FIGURE 2), the AC

module can be mounted 1n a refrigeration rack with various components of refrigeration
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system 100 to take advantage of the pressure differential between gas cooler/condenser 2
and receiving tank 6. In other embodiments (¢.g., as described with reference to FIGURES
3-4), the AC module can be located remotely in a facility (e.g. nearer the AC loads) and
supplied by conventional tubing and components by using the lower-pressure CO, liquid
supply (e.g., via fluid conduit 7) from receiving tank 6. All such embodiments are intended

to be within the scope of this disclosure.

[0066] In some embodiments, a control system or device provides all the necessary
control capabilities to operate CO; refrigeration system 100 with and/or without the AC
module. The control system or device can interface with suitable instrumentation associated
with the system (e.g., timing devices, pressure sensors, temperature sensors, ¢tc.) and
provide appropriate output signals to operable components (¢.g., valves, power supplies,
flow diverters, etc.) to control the CO; pressure and flow within the system 100. For
example, the control system may be configured to modulate the position of gas bypass valve
& to maintain proper CO, pressure control within receiving tank 6 as the loading from the

AC system within the facility changes (¢.g. on a daily basis, seasonal basis, etc.).

[0067] In some embodiments, the control system or device may regulate, or control the
CQO, refrigerant pressure within gas cooler/condenser 2 by operating high pressure valve 4.
The control system device may operate high pressure valve 4 in coordination with gas
bypass valve 8 and/or other system components to facilitate improved control functionality
and maintain a proper balance of CO; pressures and flows throughout system 100 (e.g., to
achieve a desired pressure, temperature, flow rate setpoint, etc.). The control system or
device may adaptively control the operable components of CO; refrigeration system 100
and/or AC modules 30, 130, and 230 to maintain the desired balance of pressures,
temperatures and flow rates notwithstanding variation in system conditions. Such variation
may include variation in refrigeration system conditions (e.g., refrigeration loads, number or
type of MT or LT compressors, evaporators, expansion valves, etc.), variation in AC
module conditions (¢.g., cooling loads, AC number or type of AC compressors, evaporators,
ctc.) and/or variation 1n other conditions (¢.g., the presence or absence of heat exchanger 37,

137, or 237, length and diameter of piping, ctc.)

[0068] According to any exemplary embodiment, the control system or device
contemplates methods, systems and program products on any non-tangible machine-

readable media for accomplishing various operations including those described herein. The
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embodiments of the present disclosure may be implemented using existing computer
processors, or by a special purpose computer processor for an appropriate system,

incorporated for this or another purpose, or by a hardwired system.

[0069] Embodiments within the scope of the present disclosure include program products
comprising machine-readable media for carrying or having machine-executable mstructions
or data structures stored therecon. Such machine-readable media can be any available media
that can be accessed by a general purpose or special purpose computer or other machine
with a processor. By way of example, such machine-readable media can comprise RAM,
ROM, EPROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or
other magnetic storage devices, or any other medium which can be used to carry or store
desired program code 1n the form of machine-executable nstructions or data structures and
which can be accessed by a general purpose or special purpose computer or other machine
with a processor. Combinations of the above are also included within the scope of machine-
readable media. Machine-executable instructions include, for example, instructions and data
which cause a general purpose computer, special purpose computer, or special purpose

processing machines to perform a certain function or group of functions.

2% &6 2% &6

[0070] As used herein, the terms “approximately,” “about,” “substantially,” and similar
terms are intended to have a broad meaning 1n harmony with the common and accepted
usage by those of ordinary skill in the art to which the subject matter of this disclosure
pertains. It should be understood by those of skill in the art who review this disclosure that
these terms are intended to allow a description of certain features described and claimed
without restricting the scope of these features to the precise numerical ranges provided.
Accordingly, these terms should be interpreted as indicating that insubstantial or
inconscquential modifications or alterations of the subject matter described and claimed are

considered to be within the scope of the invention as recited 1n the appended claims.

[0071] It should be noted that the term “exemplary” as used herein to describe various
embodiments 1s intended to indicate that such embodiments are possible examples,
representations, and/or 1llustrations of possible embodiments (and such term 1s not intended

to connote that such embodiments are necessarily extraordinary or superlative examples).

[0072] The terms “coupled,” “connected,” and the like as used herein mean the joining of
two members directly or indirectly to one another. Such joining may be stationary (¢.g.,

permanent) or moveable (e.g., removable or releasable). Such joining may be achieved with
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the two members or the two members and any additional intermediate members being
integrally formed as a single unitary body with one another or with the two members or the

two members and any additional intermediate members being attached to one another.

[0073] It should be noted that the orientation of various elements may differ according to
other exemplary embodiments, and that such variations are intended to be encompassed by

the present disclosure.

[0074] It 1s also important to note that the construction and arrangement of the systems
and methods for a CO; refrigeration system with an integrated AC module as shown 1n the
various exemplary embodiments 1s 1llustrative only. Although only a few embodiments of
the present inventions have been described 1n detail 1n this disclosure, those skilled 1n the art
who review this disclosure will readily appreciate that many modifications are possible
(¢.g., variations 1n sizes, dimensions, structures, shapes and proportions of the various
clements, values of parameters, mounting arrangements, use of materials, colors,
orientations, etc.) without materially departing from the novel teachings and advantages of
the subject matter disclosed herein. For example, elements shown as integrally formed may
be constructed of multiple parts or elements, the position of elements may be reversed or
otherwise varied, and the nature or number of discrete elements or positions may be altered
or varied. Accordingly, all such modifications are intended to be included within the scope

of the present invention as defined 1n the appended claims.

[0075] The order or sequence of any process or method steps may be varied or re-
sequenced according to alternative embodiments. Other substitutions, modifications,
changes and omissions may be made 1n the design, operating conditions and arrangement of
the various exemplary embodiments without departing from the scope of the present

1nventions.
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WHAT IS CLAIMED IS:
1. An mtegrated CO, refrigeration and air conditioning (AC) system for use in a
facility, the integrated system comprising:
one or more CO, compressors configured to discharge a CO; refrigerant at a higher
pressure for circulation through a circuit to provide cooling to one or more refrigeration
loads 1n the facility;
a recerver configured to receive the CO, refrigerant at a lower pressure through a
high pressure valve, the recerver having a CO; liquid portion and a CO, vapor portion;
an AC module configured to deliver a chilled AC coolant to AC loads in the facility,
the AC module comprising:
an AC evaporator having an inlet configured to receive CO; liquid and an
outlet configured to discharge a CO; vapor;
an AC compressor arranged 1n parallel with the one or more CO;
compressors, the AC compressor configured to receive CO, vapor from the AC evaporator

and from the receiver.

2. The integrated system of Claim 1, further comprising:

an expansion device proximate the inlet of the AC evaporator.

3. The integrated system of Claim 2, further comprising:

a gas cooler/condenser operable to recerve the higher-pressure CO, refrigerant from
the one or more CO, compressors;

a CO;, liquid line operable to direct the higher-pressure CO, refrigerant from the gas
cooler/condenser to the expansion device;

a CO, vapor line extending from the CO, vapor portion of the recerver and operable
to direct CO, vapor at the lower pressure from the receiver to a suction of the AC

COmMpressor.

4. The mtegrated system of Claim 3, wherein the AC module 1s located adjacent to the

CO, refrigeration system components.
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5. The integrated system of Claim 2, further comprising:

a CO, liquid supply header extending from the CO, liquid portion of the receiver
and operable to direct lower-pressure CO; liquid from the receiver to the inlet of the AC
cvaporator;

a CO, vapor line fluidly coupling the lower-pressure CO, vapor portion of the
recerver to the outlet of the AC evaporator and the inlet of the compressor; and

a valve on the CO; vapor line operable to lower a pressure of the CO, vapor at the

outlet of the AC evaporator.

0. The integrated system of Claim 5, wherein the AC module 1s located remotely from
the CO; refrigeration system components and at least partially interconnected with the CO;

refrigeration system by copper tubing.

7. The integrated system of Claim 1, further comprising:
a suction line heat exchanger disposed between the AC evaporator and the AC
compressor, the suction line heat exchanger configured to receive the higher pressure CO,

refrigerant as a heat source.

8. The mtegrated system of Claim 7, further comprising:

a CO, liquid accumulator disposed between the suction line accumulator and the AC

COMpPIressor.

9. The mtegrated system of Claim 1, further comprising:
a control system operable to control an amount of CO, vapor directed from the

recerver to a suction of the AC compressor and from the receiver to a suction of the CO;

COMpPIressors.

10.  The integrated system of Claim 1 wherein the AC module 1s integrated into the CO;

refrigeration system by three piping connections.
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11.  An integrated CO, refrigeration and air conditioning (AC) system for use in a
facility, the integrated system comprising:
a CO; refrigeration circuit configured to circulate a CO, refrigerant to refrigeration
loads 1n the facility, CO; the refrigeration circuit including:
a plurality of parallel CO, compressors,
a gas cooler/condenser,
a recerver having a CO, vapor portion and a CO; liquid portion, and
a CO; hiquid supply line coupled to the CO, liquid portion of the recerver and
configured to direct CO;, liquid to one or more refrigeration loads 1n the facility; and
an AC module configured to deliver a chilled AC coolant to AC loads in the facility,
the AC module comprising:
an AC evaporator having an inlet configured to receive the CO, refrigerant
from the CO, refrigeration circuit and an outlet configured to discharge the CO; refrigerant,
and
an AC compressor arranged 1n parallel with the plurality of parallel CO;
compressors, the AC compressor configured to receive CO; vapor from the AC evaporator

and from the receiver.

12.  The integrated system of Claim 11, wherein operation of the AC compressor at least

partially regulates a CO, pressure within the receiver.

13.  The integrated system of Claim 11, wherein a higher-pressure CO; refrigerant from
the gas cooler/condenser 1s directed to the inlet of the AC evaporator, and
wherein a lower-pressure CO; vapor 1s directed from the CO, vapor portion of the

receiver to a suction of the AC compressor.

14.  The integrated system of Claim 11, wherein a lower-pressure CO, refrigerant from
the CO; liquid portion of the receiver 1s directed to the inlet of the AC evaporator, and
wherein a lower-pressure CO, vapor 1s directed from the CO, vapor portion of the

receiver to a suction of the AC compressor.
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15.  The integrated system of Claim 11, wherein upon a loss of suction at the AC
compressor, the CO, refrigerant 1s directed through a gas bypass valve to the plurality of

parallel CO; compressors.

16.  An integrated CO, refrigeration and air conditioning (AC) system for use 1n a
facility, the integrated system comprising:

a CO; refrigeration circuit configured to circulate a CO, refrigerant to refrigeration
loads 1n the facility, the CO; refrigeration circuit including:

a CO, compressor configured to discharge the CO, refrigerant at a first
pressure 1nto a first fluid line,

a receiver configured to receive the CO, refrigerant at a second pressure
lower than the first pressure, the receiver having a CO, liquid portion and a CO; vapor
portion, and

a high pressure valve disposed between the CO, compressor and the receiver,
the high pressure valve configured to recerve the CO; refrigerant at the first pressure from a
second fluid line and discharge the CO, refrigerant to the second pressure; and

an AC module integrated with the CO, refrigeration circuit and configured to
provide cooling for AC loads 1n the facility, the AC module including:

an AC evaporator configured to receive CO; refrigerant from a component of
the CO; refrigeration circuit, the component selected from a group consisting of: the second
fluid line, the CO, liquad portion of the recerver, and the high pressure valve, wherein the
AC evaporator 18 further configured to transfer heat to the CO, refrigerant, and

an AC compressor arranged 1n parallel with the CO; compressor, the AC
compressor configured to receive vapor CO; refrigerant from the CO; vapor portion of the

recerver and to discharge vapor CO, refrigerant into the first fluid line.

17.  The integrated system of Claim 16, wherein the CO; refrigeration circuit further
comprises a gas cooler/condenser,
wherein the gas cooler/condenser recerves the CO, refrigerant from the first fluid

line and discharges the CO, refrigerant into the second fluid line.
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18.  The integrated system of Claim 16, wherein the component of the CO; refrigeration
circuit from which the AC evaporator receives CO, refrigerant 1s the second fluid line, the
system further comprising;:

a first CO; vapor line fluidly coupling the CO; vapor portion of the receiver to an
outlet of the AC evaporator, and

a second CO, vapor line fluidly coupling the outlet of the AC evaporator to the inlet

of the AC compressor.

19.  The integrated system of Claim 16, wherein the component of the CO, refrigeration
circuit from which the AC evaporator receives CO, refrigerant 1s the CO, liquid portion of
the receiver, the system further comprising:

a CO; liquid supply header extending from the CO; liquid portion of the receiver
and directing CO, liquid from the CO; liquid portion of the receiver to an inlet of the AC
cvaporator,

a CO; vapor line fluidly coupling the CO; vapor portion of the receiver to an outlet
of the AC evaporator and the inlet of the compressor, and

a pressure-reducing device disposed on the CO, vapor line between the CO, vapor

portion of the receiver and the outlet of the AC evaporator.

20.  The integrated system of Claim 16, wherein the component of the CO; refrigeration
circuit from which the AC evaporator receives CO, refrigerant 1s the high pressure valve,
wherein the AC evaporator 1s arranged 1n an 1n line configuration to receive an

entire mass flow of the CO, refrigerant from the high pressure valve.
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