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CYCLE ENHANCEMENT METHODS, SYSTEMS, AND DEVICES

BACKGROUND
[0001] Different tools and techniques may be utilized for refrigeration and/or heat
pumping. There may be a need for new tools and techniques that may improve performance

and/or efficiency.

SUMMARY
[0002] Methods, systems, and device for cycle enhancement are provided in accordance
with various embodiments. Various embodiments generally pertain to refrigeration and heat
pumping. Different embodiments may be applied to a variety of heat pump architectures.
Some embodiments may integrate with vapor compression heat pumps in industrial,
commercial, and/or residential applications. Some embodiments may integrate with direct

expansion, economized, and/or 2-stage vapor compression heat pumps, for example.

[0003] Some embodiments may include the integration of freeze point suppression cycles
and vapor compression cycles, which may achieve an overall efficiency and dispatchability
benefit with minimal complexity. Some embodiments may use the waste produced by the
vapor compression cycle to power a smaller freeze point suppression cycle that then may
provide a small amount of cooling back to the vapor compression cycle to improve

performance. Some embodiments may utilize an absorption heat pump.

[0004] Some embodiments include the movement of heat from the refrigerant of the vapor
compression cycle to the refrigerant of the freeze point suppression cycle. This heat transfer
may be accomplished through the placement of heat exchangers in both cycles thermally

connecting them.

[0005] For example, some embodiments include a method that may include at least:
removing a first heat from a vapor compression cycle; utilizing the first removed heat from
the vapor compression cycle to drive a thermally driven heat pump; and/or removing a
second heat from the vapor compression cycle utilizing the thermally driven heat pump to
reduce a temperature of a refrigerant of the vapor compression cycle below an ambient

temperature.
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[0006] In some embodiments of the method, utilizing the first removed heat from the vapor
compression cycle to drive the thermally driven heat pump includes separating a freeze point
suppressant from a refrigerant of the thermally driven heat pump to form a concentrated
freeze point suppressant. Removing the second heat from the vapor compression cycle
utilizing the thermally driven heat pump to reduce the temperature of the refrigerant of the
vapor compression cycle below the ambient temperature may include: combining the
concentrated freeze point suppressant with a solid material to form at least a portion of the
refrigerant of the thermally driven heat pump; and/or utilizing the portion of the refrigerant of
the thermally drive heat pump to reduce the temperature of the refrigerant of the vapor
compression cycle below the ambient temperature. In some embodiments, the method may

improve the vapor compression cycle.

[0007] In some embodiments of the method, removing the first heat from the vapor

compression cycle includes passing the refrigerant of the vapor compression cycle through a
first heat exchanger that is thermally coupled with the thermally driven heat pump. The first
heat exchanger may be positioned between a compressor of the vapor compression cycle and

a condenser of the vapor compression cycle.

[0008] In some embodiments of the method, removing the second heat from the vapor
compression cycle utilizing the thermally driven heat pump to reduce the temperature of
refrigerant of the vapor compression cycle below the ambient temperature includes passing
the refrigerant of the vapor compression cycle through a second heat exchanger positioned
between a condenser of the vapor compression cycle and an expansion valve of the vapor
compression cycle. In some embodiments, removing the second heat from the vapor
compression cycle utilizing the thermally driven heat pump to reduce the temperature of
refrigerant of the vapor compression cycle below the ambient temperature includes passing a

refrigerant of the thermally driven heat pump through the second heat exchanger.

[0009] Some embodiments of the method include utilizing a receiving vessel to receive at
least a liquid form of the refrigerant of the vapor compression cycle or a vapor form of the
refrigerant of the vapor compression cycle after the refrigerant of the vapor compression
cycle passes through the expansion valve of the vapor compression cycle. Some
embodiments include: directing the vapor form of the refrigerant to the compressor of the
vapor compression cycle; and/or directing at least a first portion of the liquid form of the

refrigerant of the vapor compression cycle to a third heat exchanger; the third heat exchanger
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may be thermally coupled with a refrigerant of the thermally driven heat pump and may
further cool the first portion of the liquid form of the refrigerant of the vapor compression
cycle below the ambient temperature through removing a third heat from the vapor
compression cycle. Some embodiments include utilizing the second heat exchanger and the
third heat exchanger in series. Some embodiments include utilizing the second heat

exchanger and the third heat exchanger in parallel.

[0010] Some embodiments of the method include forming a solid material through
directing at least a second portion of the liquid form of the refrigerant of the vapor
compression cycle to a solid maker. The solid material may include a frozen material, for
example. Some embodiments include: combining a freeze point suppressant with the solid
material to form at least a portion of a refrigerant of the thermally driven heat pump; and/or
passing the portion of the refrigerant of the thermally driven heat pump through the second
heat exchanger to reduce the temperature of the refrigerant of the vapor compression cycle

below the ambient temperature.

[0011] Some embodiments of the method include: directing the liquid form of the
refrigerant of the vapor compression cycle to a second expansion valve; and/or passing the
refrigerant of the vapor compression cycle that has passed through the second expansion
valve to a fourth heat exchanger to remove a fourth heat from the vapor compression cycle.
Some embodiments include utilizing the fourth removed heat from the vapor compression
cycle to drive the thermally driven heat pump. In some embodiments, utilizing the fourth
removed heat from the vapor compression cycle to drive the thermally driven heat pump
includes separating a freeze point suppressant from a refrigerant of the thermally driven heat

pump to form a concentrated freeze point suppressant.

[0012] Some embodiments of the method include directing the refrigerant of the vapor
compression cycle from the fourth heat exchanger to the receiving vessel. Some
embodiments include directing at least a third portion of the liquid form of the refrigerant of
vapor compression cycle to a fifth heat exchanger; the fifth heat exchanger may be thermally
coupled with the refrigerant of the thermally driven heat pump and may further cool the third
portion of the liquid form of the refrigerant of the vapor compression cycle below the
ambient temperature through removing a fifth heat from the vapor compression cycle. Some

embodiments include: directing the refrigerant of the vapor compression cycle from the
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fourth heat exchanger to the compressor; and/or directing the refrigerant of the vapor

compression cycle from the fifth heat exchanger to the compressor.

[0013] Some embodiments include a system that may include a first heat exchanger
coupled with a vapor compression cycle to remove a first heat from the vapor compression
cycle and coupled with a thermally driven heat pump to drive the thermally driven heat pump
utilizing the first removed heat from the vapor compression cycle. Some embodiments of the
system include a second heat exchanger coupled with the vapor compression cycle to remove
a second heat from the vapor compression and coupled with the thermally driven heat pump;
removing the second heat from the vapor compression cycle may reduce a temperature of a

refrigerant of the vapor compression cycle below an ambient temperature.

[0014] In some embodiments of the system, the first heat exchanger is positioned between
a compressor of the vapor compression cycle and a condenser of the vapor compression
cycle. In some embodiments of the system, the second heat exchanger is positioned between
the condenser of the vapor compression cycle and an expansion valve of the vapor

compression cycle.

[0015] In some embodiments of the system, the thermally driven heat pump includes a
freeze point suppressant cycle. In some embodiments, the first removed heat from the vapor
compression cycle drives the thermally driven heat pump through separating a freeze point
suppressant from a refrigerant of the thermally driven heat pump to form a concentrated
freeze point suppressant. In some embodiments, the thermally driven heat pump includes a
solid maker. In some embodiments, the thermally driven heat pump is configured to combine
a solid from the solid maker with the concentrated freeze point suppressant to form at least a
portion of the refrigerant of the thermally driven heat pump; the second heat exchanger may
be configured to receive the portion of the refrigerant of the thermally driven heat pump to
reduce the temperature of the refrigerant of the vapor compression cycle below the ambient

temperature.

[0016] Some embodiments of the system include a receiving vessel positioned to receive at
least a liquid form of the refrigerant of the vapor compression cycle or a vapor form of the
refrigerant of the vapor compression cycle after the refrigerant of the vapor compression
cycle passes through the expansion valve of the vapor compression cycle. Some
embodiments include a third heat exchanger configured to receive at least a first portion of

the liquid form of the refrigerant of the vapor compression cycle; the third heat exchanger
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may be thermally coupled with the refrigerant of the thermally driven heat pump and may
further cool the first portion of the liquid form of the refrigerant of the vapor compression
cycle below the ambient temperature through removing a third heat from the vapor
compression cycle. In some embodiments, the second heat exchanger and the third heat
exchanger are utilized in series. In some embodiments, the second heat exchanger and the

third heat exchanger are utilized in parallel.

[0017] In some embodiments of the system, the receiving vessel is coupled with the
thermally driven heat pump such that at least a second portion of the liquid form of the
refrigerant of the vapor compression cycle is directed to a solid maker of the thermally driven

heat pump.

[0018] Some embodiments of the system include a fourth heat exchanger positioned to
receive a portion of the refrigerant of the vapor compression cycle that passes through the
third heat exchanger to remove a fourth heat from the vapor compression cycle. In some
embodiments, the fourth heat exchanger and the thermally driven heat pump are coupled with
each other such that the fourth removed heat from the vapor compression cycle drives the
thermally driven heat pump. In some embodiments, the thermally driven heat pump includes
a separator configured to receive the fourth removed heat from the vapor compression cycle
to separate a freeze point suppressant from the refrigerant of the thermally driven heat pump
to form a concentrated freeze point suppressant. In some embodiments, the thermally driven
heat pump is configured to combine a solid from a solid maker with the concentrated freeze
point suppressant to form at least a portion of a refrigerant of the thermally driven heat pump;
the second heat exchanger may be configured to receive the portion of the refrigerant of the
thermally driven heat pump to reduce the temperature of the refrigerant of the vapor

compression cycle below the ambient temperature.

[0019] In some embodiments of the system, the fourth heat exchanger is coupled with the
receiving vessel such that the receiving vessel receives the portion of the refrigerant from the
vapor compression cycle that has passed through the fourth heat exchanger. Some
embodiments include a fifth heat exchanger that is thermally coupled with the refrigerant of
the thermally driven heat pump to remove a fifth heat from the vapor compression cycle and
may be coupled with the receiving vessel to receive at least a third portion of the liquid form
of the refrigerant of the vapor compression cycle that may be further cooled below the

ambient temperature through removing the fifth heat from the vapor compression cycle.
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[0020] In some embodiments of the system, the fourth heat exchanger is coupled with the
compressor to direct the refrigerant of the vapor compression cycle from the fourth heat
exchanger to the compressor. In some embodiments, the fifth heat exchanger is coupled with
the compressor to direct the refrigerant of the vapor compression cycle from the fifth heat

exchanger to the compressor.

[0021] Some embodiments include methods, systems, and/or devices as described in the

specification and/or shown in the figures.

[0022] The foregoing has outlined rather broadly the features and technical advantages of
embodiments according to the disclosure in order that the detailed description that follows
may be better understood. Additional features and advantages will be described hereinafter.
The conception and specific embodiments disclosed may be readily utilized as a basis for
modifying or designing other structures for carrying out the same purposes of the present
disclosure. Such equivalent constructions do not depart from the spirit and scope of the
appended claims. Features which are believed to be characteristic of the concepts disclosed
herein, both as to their organization and method of operation, together with associated
advantages will be better understood from the following description when considered in
connection with the accompanying figures. Each of the figures is provided for the purpose of

illustration and description only, and not as a definition of the limits of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] A further understanding of the nature and advantages of different embodiments may
be realized by reference to the following drawings. In the appended figures, similar
components or features may have the same reference label. Further, various components of
the same type may be distinguished by following the reference label by a dash and a second
label that distinguishes among the similar components. If only the first reference label is
used in the specification, the description is applicable to any one of the similar components

having the same first reference label irrespective of the second reference label.
[0024] FIG. 1 shows a system in accordance with various embodiments.
[0025] FIG. 2A shows a system in accordance with various embodiments.
[0026] FIG. 2B shows a system in accordance with various embodiments.

[0027] FIG. 3A shows a system in accordance with various embodiments.
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[0028] FIG. 3B shows a system in accordance with various embodiments.
[0029] FIG. 4 shows a system in accordance with various embodiments.
[0030] FIG. 5 shows a system in accordance with various embodiments.

[0031] FIG. 6A shows a flow diagram of a method in accordance with various

embodiments.

[0032] FIG. 6B shows a flow diagram of a method in accordance with various

embodiments.

DETAILED DESCRIPTION
[0033] This description provides embodiments, and is not intended to limit the scope,
applicability, or configuration of the disclosure. Rather, the ensuing description will provide
those skilled in the art with an enabling description for implementing embodiments of the

disclosure. Various changes may be made in the function and arrangement of elements.

[0034] Thus, various embodiments may omit, substitute, or add various procedures or
components as appropriate. For instance, it should be appreciated that the methods may be
performed in an order different than that described, and that various stages may be added,
omitted, or combined. Also, aspects and elements described with respect to certain
embodiments may be combined in various other embodiments. It should also be appreciated
that the following systems, devices, and methods may individually or collectively be
components of a larger system, wherein other procedures may take precedence over or

otherwise modify their application.

[0035] Methods, systems, and device for cycle enhancement are provided in accordance
with various embodiments. Various embodiments generally pertain to refrigeration and heat
pumping. Different embodiments may be applied to a variety of heat pump architectures.
Some embodiments may integrate with vapor compression heat pumps in industrial,
commercial, and/or residential applications. Some embodiments may integrate with direct

expansion, economized, and/or 2-stage vapor compression heat pumps, for example.

[0036] Some embodiments include the integration of freeze point suppression cycles and

vapor compression cycles, which may achieve an overall efficiency and dispatchability
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benefit with minimal complexity. Some embodiments may use the waste produced by the
vapor compression cycle to power a smaller freeze point suppression cycle that then may
provide a small amount of cooling back to the vapor compression cycle to improve

performance.

[0037] Some embodiments include the movement of heat from the refrigerant of the vapor
compression cycle to the refrigerant of the freeze point suppression cycle. This heat transfer
may be accomplished through the placement of heat exchangers in both cycles thermally

connecting them.

[0038] In some embodiments, once these thermal connections exist, the heat may be taken
from the superheated refrigerant leaving the compressor in the vapor compression cycle and
may be used to power the separation of a freeze point suppression cycle. The low
temperature refrigeration produced by the freeze point suppression cycle may then be used by
the vapor compression cycle to cool its condensed refrigerant before it may enter the

expansion valve.

[0039] In some embodiments, the vapor compression/s waste heat produced by the
compressor may be captured and may be used by the freeze point suppression cycle and then
may be returned to the vapor compression cycle as useful cooling. This back and forth may
reduce the compressor work of the vapor compression cycle and may allow for higher

efficiency.

[0040] The following embodiments shown here may show all fluid lines and heat
exchangers as non-integral from any other pieces of process equipment. One skilled in the art
knows that this may not always be the case and are merely depicted here for clarity. For
example, the heat exchangers shown in some embodiment used to capture the waste heat may
be a separate heat exchanger as shown, or it may be integrated into the column and fed
directly with superheated refrigerant. For clarity, the non-integrated versions may be shown

in some embodiments.

[0041] Turning now to FIG. 1, a system 100 is provided in accordance with various
embodiments. A vapor compression cycle 117 may have a circulating refrigerant 118 of the
vapor compression cycle 117 that may be moving from a high-pressure side 125 and a low-
pressure side 126. When the refrigerant 118 of the vapor compression cycle 117 may cross
the boundary 119 from low pressure 126 to high pressure 125, it may acquire heat energy 115
that may be transferred to a thermally driven heat pump 114. The heat 115 may be absorbed
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by the thermally driven heat pump 114. The heat 115 may drive the thermally driven heat
pump 114. Cooling 116 produced by the thermally driven heat pump 114 may be passed
back to the vapor compression cycle 117; this may also be referred to as removing heat 116

from the vapor compression cycle 117.

[0042] System 100 may be configured to include removing heat 115, which may be
referred to as a first removed heat, from vapor compression cycle 117. The heat 115 from the
vapor compression cycle 117 may drive the thermally driven heat pump 114. In some
embodiments, cooling 116 may remove heat, which may be referred to as a second removed
heat, from the vapor compression cycle 117 utilizing the thermally driven heat pump 114 to
reduce a temperature of the refrigerant 118 of the vapor compression cycle 117 below an

ambient temperature.

[0043] In some embodiments, the thermally driven heat pump 114 includes a freeze point
suppression cycle. The heat 115 may be absorbed into the high concentration side 124 of the
freeze point suppressant cycle that may have a circulating refrigerant 120 moving between a
low concentration side 123 and a high concentration side 124, with a boundary 121. The
cooling 116 produced by the freeze point suppression on the high concentration side 124 of
the freeze point suppressant cycle may be passed back to the vapor compression cycle 117.
In some embodiments of the system 100, utilizing the first removed heat 115 from the vapor
compression cycle 117 to drive the thermally driven heat pump 114 includes separating a
freeze point suppressant from a refrigerant 120 of the thermally driven heat pump 114 to
form a concentrated freeze point suppressant. Removing the second heat 116 from the vapor
compression cycle 117 utilizing the thermally driven heat pump 114 to reduce the
temperature of the refrigerant 118 of the vapor compression cycle 117 below the ambient
temperature may include: combining the concentrated freeze point suppressant with a solid
material to form at least a portion of the refrigerant 120 of the thermally driven heat pump
114; and/or utilizing the portion of the refrigerant 120 of the thermally driven heat pump 114
to reduce the temperature of the refrigerant 118 of the vapor compression cycle 117 below
the ambient temperature. In some embodiments, the method may improve the vapor

compression cycle. In some embodiments, the solid material may include ice.

[0044] While some embodiments may include a thermally driven heat pump 114

configured as a freeze point suppressant cycle, some embodiments may utilize other
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thermally driven heat pumps. For example, some embodiments may include, but are not

limited to, an absorption heat pump as the thermally driven heat pump 114.

[0045] In some embodiments that may utilize a freeze point suppressant cycle as the
thermally driven heat pump 114, the freeze point suppressant may include, but is not limited
to: water, alcohol, ionic liquids, amines, ammonia, salt, non-salt soluble solids, organic
liquid, inorganic liquid, triethylamine, cyclohexopuridine, mixtures of miscible materials,
and/or a surfactant-stabilized mixture of immiscible materials. The solid may include a fully
or partially solid form of the following, but is not limited to: water, an organic material, an
ionic liquid, an inorganic material, and/or DMSO. Other thermally driven heat pumps may
utilize refrigerants including mixtures including, but not limited to, water, ammonia, salt,

and/or alcohol.

[0046] Turning now to FIG. 2A, a system 200 in accordance with various embodiments is
provided that may show the integration between a freeze point suppression cycle, as an
example of a thermally driven heat pump 114-a, and a direct expansion vapor compression
cycle 117-a. System 200 may be an example of system 100 of FIG. 1. Refrigerant 118-a of
the vapor compression cycle 117-a leaving a compressor 103 may be fed into a heat
exchanger 101 where it may be desuperheated and may provide heat 115-a to the thermally
driven heat pump 114-a. After leaving heat exchanger 101, the refrigerant 118-a may have
been cooled but may still remain above its condensing temperature and ambient temperature.
Merely by way of example, this temperature may be approximately 40°C. In some
embodiments, the heat exchanger 101 may be referred to as a first heat exchanger; heat 115-a
may be referred to as a first removed heat in some embodiments. The heat 115-a may drive
the thermally driven heat pump 114-a. For example, the heat 115-a from the heat exchanger
101 may warm a freeze point suppression refrigerant 109 of the thermally driven heat pump
114-a, as a freeze point suppression cycle, and may power a separator 123; the separator 123
may separate a freeze point suppressant from the freeze point suppression refrigerant 109 to
form a concentrated freeze point suppressant. Examples of a separator 123 may include, but
are not limited, to a distillation column, a distillation membrane, a multi-effect distiller, a
boiler, and/or a mechanical separator. The refrigerant 118-a in the vapor compression cycle
117-a may then flow into a condenser 102 where it may be condensed. Leaving heat
exchanger 102, the refrigerant 118-a may be at or just below its condensing temperature but
may still be slightly above ambient. Merely by way of example, this temperature may be

approximately 30°C. After being condensed, it may flow into another heat exchanger 104,
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which may be referred to as a liquid sub-cooler, where it may be cooled by a cold refrigerant
108 from the thermally driven heat pump 114-a through the removal of heat 116-a, which
may be referred to as a second removed heat. Leaving heat exchanger 104, the refrigerant
118-a may now be below ambient. Merely by way of example, this temperature may be
approximately -20°C. For example, the cold refrigerant 108 may come from a solid material
tank 122, such as an ice tank, as part of a freeze point suppressant cycle. With respect to an
embodiment that may utilize a freeze point suppressant cycle, combining a solid, such as ice,
and a concentrated freeze point suppressant generated by the separator 123 may create this
cold refrigerant 108. The refrigerant 118-a of the vapor compression cycle 117-a that may
come out of the heat exchanger 104 may flow to an expansion valve 105 and may expand to a
state containing more liquid refrigerant than would normally occur without the use of heat
exchanger 104, which may produce liquid sub-cooling. In some embodiments, the heat
exchanger 104 may be referred to as a second heat exchanger. Removing heat 116-a may
reduce a temperature of the refrigerant 118-a of the vapor compression cycle 117-a below an
ambient temperature. The refrigerant 118-a of the vapor compression cycle 117-a may then
enter an evaporator 106 where it may boil, which may provide refrigeration. The refrigerant
118-a of the vapor compression cycle 117-a may then flow back to the compressor 103,

which may complete the entire cycle.

[0047] FIG. 2B shows a system 200-a in accordance with various embodiments is provided
that may show integration between a thermally driven heat pump 114-i and a direct expansion
vapor compression cycle 117-1. In some embodiments, the thermally driven heat pump 114-1
may include an absorption heat pump. System 200-a may be an example of system 100 of
FIG. 1 and may include aspects of system 200 of FIG. 2A. Refrigerant 118-i of the vapor
compression cycle 117-1 leaving a compressor 103-1 may be fed into a heat exchanger 101-i
where it may be desuperheated and may provide heat 115-i to the thermally driven heat pump
114-1. In some embodiments, the heat exchanger 101-1 may be referred to as a first heat
exchanger; heat 115-1 may be referred to as a first removed heat in some embodiments. The
heat 115-1 may drive the thermally driven heat pump 114-i. For example, heat 115-1 from the
heat exchanger 101-1 may warm a refrigerant 109-1 of the thermally driven heat pump 114-i.
The refrigerant 118-i in the vapor compression cycle 117-1 may then flow into a condenser
102-1 where it may be condensed. After being condensed, it may flow into another heat
exchanger 104-1, which may be referred to as a liquid sub-cooler, where it may be cooled by

a cold refrigerant 108-i from the thermally driven heat pump 114-i through the removal of

11
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heat 116-1, which may be referred to as a second removed heat. Removing heat 116-1 may
reduce a temperature of the refrigerant 118-1 of the vapor compression cycle 117-1 below an
ambient temperature. The refrigerant 118-1 of the vapor compression cycle 117-1 that may
come out of the heat exchanger 104-i may flow to an expansion valve 105-i and may expand
to a state containing more liquid refrigerant than would normally occur without the use of
heat exchanger 104-1, which may produce liquid sub-cooling. In some embodiments, the heat
exchanger 104-1 may be referred to as a second heat exchanger. The refrigerant 118-i of the
vapor compression cycle 117-1 may then enter an evaporator 106-1 where it may boil, which
may provide refrigeration. The refrigerant 118-1 of the vapor compression cycle 117-1 may

then flow back to the compressor 103-i, which may complete the entire cycle.

[0048] Turning now to FIG. 3A, a system 300 is provided in accordance with various
embodiments that may show the integration between a thermally driven heat pump 114-b, as
a freeze point suppression cycle for example, and a single stage economized vapor
compression cycle 117-b. System 300 may be an example of system 100 of FIG. 1; system
300 may include aspects of system 200 of FIG. 2A and/or system 200-a of FIG. 2B.
Refrigerant 118-b of a vapor compression cycle 117-b leaving the compressor 103-a may be
fed into a heat exchanger 101-a, which may be referred to as a first heat exchanger in some
embodiments, where the refrigerant 118-b of the vapor compression cycle 117-b may be
desuperheated and may warm a refrigerant 109-a of a thermally driven heat pump 114-a.
Heat 115-b may be removed from the vapor compression cycle 117-b; heat 115-b may be
referred to as a first removed heat. The heat 115-b may drive the thermally driven heat pump
114-b. In some embodiments, the refrigerant 109-a of the thermally driven heat pump 114-b
may include freeze point suppression refrigerant in a freeze point suppression cycle and may
power a separator 123-a. The refrigerant 118-b of the vapor compression cycle 117-b may
then flow into a condenser 102-a where it may be condensed. After being condensed, it may
flow into a heat exchanger 104-a, which may be referred to as a liquid sub-cooler in some
embodiments, where it may be cooled by a cold refrigerant 108-a from the thermally driven
heat pump 114-b. Heat 116-b may be removed from the vapor compression cycle 117-b; heat
116-b may be referred to as a second removed heat. The heat exchanger 104-a may be
referred to as a second heat exchanger. Removing heat 116-b may reduce a temperature of
the refrigerant 118-b of the vapor compression cycle 117-b below an ambient temperature. In
some embodiments, the refrigerant 108-a of the thermally driven heat pump 114-b may

include a freeze point suppression refrigerant that may be formed in a solid material tank
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122-a, such as an ice tank. Some embodiments may include combining or mixing ice, or a
solid material in general, and a concentrated freeze point suppressant generated by the
separator 123-a, which may create this cold refrigerant 108-a. The refrigerant 118-b of the
vapor compression cycle 117-b coming out of the heat exchanger 104-a may flow to an
expansion valve 105-a and may expand to a state containing more liquid refrigerant than may
normally occur without liquid sub-cooling. The refrigerant 118-b of the vapor compression
cycle 117-b then may enter a receiving vessel 111, which may be referred to as a flash
intercooler in some embodiments, where it may be separated into liquid and vapor. The
vapor may be sent back to the compressor 103-a and the liquid may be sent to a heat
exchanger 109, which may be referred to as a second liquid sub-cooler and/or a third heat
exchanger in some embodiments, where the liquid may be cooled again using the cold
refrigerant 108-a from thermally driven heat pump 114-b (e.g., refrigerant from the tank 122-
a); heat 116-b-1 may be removed from the vapor compression cycle 117-b; heat 116-b-1 may
be referred to as a third removed heat. Removing heat 116-b-1 may further reduce a
temperature of the refrigerant 118-b of the vapor compression cycle 117-b below an ambient
temperature. Valve(s) 112 in the refrigerant lines may allow for the heat exchanger 104-a
and heat exchanger 109 to be operated in series or parallel depending on aspects of the vapor
compression cycle 117-b. The liquid entering a second expansion valve 110 may now
expand to a state containing more liquid than it may without the heat exchanger 109. The
refrigerant 118-b in the vapor compression cycle 117-b then may flow to an evaporator 106-a
where it may boil, which may provide refrigeration. Next, the refrigerant 118-b of the vapor
compression cycle 117-b may flow back to the compressor 103-a and may complete the
entire cycle. While system 300 may show the use of a freeze point suppressant cycle as the
thermally driven heat pump 114-b, other thermally driven heat pumps may be utilized,

including, but not limited to, absorption heat pumps.

[0049] FIG. 3B shows a system 300-a in accordance with various embodiments. System
300-a may be an example of system 100 and/or system 300 of FIG. 3A; system 300-a may
include aspects of system 200 of FIG. 2A and/or system 200-a of FIG. 2B. System 300-a
generally shows the integration between a thermally driven heat pump 114-c, shown as a
freeze point suppression cycle, and a single stage economized vapor compression cycle 117-
c. Refrigerant 118-c of the vapor compression cycle 117-c leaving compressor 103-b may be
fed into a heat exchanger 101-b where it may be desuperheated and may warm the refrigerant

109-b of the thermally driven heat pump 114-c. Heat 115-c may be removed from the vapor

13



10

15

20

25

30

WO 2018/183238 PCT/US2018/024436

compression cycle 117-c, which may be referred to as a first removed heat. The heat 115-c
may drive the thermally driven heat pump 114-c. In some embodiments, the thermally driven
heat pump 114-c may include a freeze point suppression cycle configured such that the
refrigerant 109-b may power a separator 123-b. The refrigerant 118-c in the vapor
compression cycle 117-c may then flow into a condenser 102-b where it may be condensed.
After being condensed, the refrigerant 118-c of the vapor compression cycle 117-¢ may flow
into a heat exchanger 104-b, which may be referred to as a liquid sub-cooler and/or a second
heat exchanger, where the refrigerant 118-c of the vapor compression cycle 117-c may be
cooled by cold refrigerant 108-b from the thermally driven heat pump 114-c, which may
include removing heat 116-c from the vapor compression cycle 117-c; the heat 116-c may be
referred to as a second removed heat. Removing heat 116-c may reduce a temperature of the
refrigerant 118-c of the vapor compression cycle 117-c below an ambient temperature. For
example, the refrigerant 108-b of the thermally driven heat pump 1140c may come from the
tank 122-b, which may include an ice tank. Some embodiments include mixing a solid, such
as ice, and a concentrated freeze point suppressant generated by the separator 123-b to create
cold refrigerant 108-b. The refrigerant 118-c of the vapor compression cycle 117-¢ coming
out of the heat exchanger 104-b may flow to an expansion valve 105-b and may expand to a
state containing more liquid refrigerant than may normally occur without liquid sub-cooling.
The refrigerant 118-c of the vapor compression cycle 117-c may then enter a receiving vessel
111-a, which may be referred to as a flash intercooler, where it may be separated into liquid
and vapor. Some liquid from this receiving vessel 111-a may be used to generate a solid,
such as ice, used in the freeze point suppression cycle via a solid maker 130; in some
embodiments, the solid maker 130 may include an ice maker. The vapor may be sent back to
the compressor 103-b and the liquid may be sent to a heat exchanger 109-a, which may be
referred to as a second liquid sub-cooler and/or third heat exchanger, where it may be cooled
again using the cold refrigerant from the thermally driven heat pump 114-c, such as
refrigerant from ice tank 122-b. Heat 116-c-1 may be removed from the vapor compression
cycle 117-c, which may be referred to as a third removed heat. Removing heat 116-c-1 may
further reduce a temperature of the refrigerant 118-c¢ of the vapor compression cycle 117-¢
further below an ambient temperature. Valve(s) 112-a in the refrigerant lines may allow for
the heat exchangers 104-b and 109-a to be operated in series or parallel depending on aspects
of the vapor compression cycle 117-c. The liquid entering a second expansion valve 110-a
now may expand to a state containing more liquid than it may without the heat exchanger

109-a. The refrigerant 118-c in the vapor compression cycle 117-c then may flow to an
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evaporator 106-b where it may boil, which may provide refrigeration. Next, the refrigerant
118-b of the vapor compression cycle 117-c may flow back to the compressor 103-b,
completing the entire cycle. While system 300-a may show the use of a freeze point
suppressant cycle as the thermally driven heat pump 114-c, other thermally driven heat

pumps may be utilized, including, but not limited to, absorption heat pumps.

[0050] Turning now to FIG. 4, a system 400 is provided in accordance with various
embodiments that may show the integration between a thermally driven heat pump 114-d,
such as a freeze point suppression cycle, and a two-stage vapor compression cycle 117-d.
System 400 may be an example of system 100 of FIG. 1; system 500 may include aspects of
system 200 of FIG. 2A, system 200-a of FIG. 2B, system 300 of FIG. 3, and/or system 300-a
of FIG. 3B. Refrigerant 118-d of the vapor compression cycle 117-d leaving a compressor
103-c may be fed into a heat exchanger 101-c where it may be desuperheated and may warm
a refrigerant 109-c of the thermally driven heat pump 114-d, such as a freeze point
suppression refrigerant in a freeze point suppression cycle, and may partially or fully power
separator 123-c. Heat 116-d may be removed from the vapor compression cycle 117-d and
may be referred to as a first removed heat. Heat exchanger 101-c may be referred to as a first
heat exchanger. The heat 115-d may generally drive the thermally driven heat pump 114-d.
The refrigerant 118-d in the vapor compression cycle 117-d then may flow into a condenser
102-¢ where it may be condensed. After being condensed, it may flow into a heat exchanger
104-c, which may be referred to as a first liquid sub-cooler or a second heat exchanger, where
it may be cooled by a refrigerant 108-c from thermally driven heat pump 117-d. Heat 116-d
may be removed from the vapor compression cycle 117-d and may be referred to as a second
removed heat. Removing heat 116-d may reduce a temperature of the refrigerant 118-d of the
vapor compression cycle 117-d below an ambient temperature. For example, refrigerant 108-
¢ of the thermally driven heat pump 114-d may include a freeze point suppression refrigerant
from a tank 122-c, such as an ice tank. Some embodiments may include combining or
mixing a solid, such as ice, and a concentrated freeze point suppressant generated by the
separator 123-c, which may create this cold refrigerant 108-c. The refrigerant 118-d of the
vapor compression cycle 117-d coming out of the heat exchanger 104-c may flow to an
expansion valve 105-c and may expand to a state containing more liquid refrigerant than may
normally occur without liquid sub-cooling. The refrigerant 118-d of the vapor compression
cycle 117-d then may enter a receiving vessel 111-b, which may be referred to as a flash

intercooler, where it may be separated into liquid and vapor. The vapor may be sent back to
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the compressor 103-c and the liquid may be sent to a heat exchanger 109-b, which may be
referred to as a second liquid sub-cooler and/or a third heat exchanger, where it may be
cooled again using the cold refrigerant from the thermally driven heat pump 114-c, such as
liquid from the ice tank 122-c. Heat 116-d-1 may be removed from the vapor compression
cycle 117-d and may be referred to as a third removed heat. Removing heat 116-d-1 may
further reduce a temperature of the refrigerant 118-d of the vapor compression cycle 117-d
below an ambient temperature. Valve(s) 112-b in the refrigerant lines may allow for the heat
exchangers 104-c and 109-b to be operated in series or parallel depending on aspects of the
vapor compression cycle 117-d. The liquid may enter a second expansion valve 110-b may
now expand to a state containing more liquid than it may without the heat exchanger 109-b.
The refrigerant in the vapor compression cycle 117-d then may flow to an evaporator 106-c
where it may boil, which may provide refrigeration. Then the refrigerant 118-d of the vapor
compression cycle 117-d may flow to a second compressor 113 and may be pressurized to the
pressure of the receiving vessel 111-b. During this process, the refrigerant 118-d of the vapor
compression cycle 117-d may pick up heat again and may enters a heat exchanger 125, which
may be referred to as a desuperheater and/or fourth heat exchanger, where it may supply
more heat 115-d-1 (which may be referred to as a fourth removed heat) to the refrigerant 109-
c that may partially or fully power the thermally driven heat pump 114-d, such as to power
separator 123-c. Removing heat 115-d-1 may be used to drive the thermally driven heat
pump 114-d. Next, the refrigerant 118-d of the vapor compression cycle 117-d may flow
back to the receiving vessel 111-b and may complete the cycle. While system 400 may show
the use of a freeze point suppressant cycle as the thermally driven heat pump 114-d, other
thermally driven heat pumps may be utilized, including, but not limited to, absorption heat

pumps.

[0051] FIG. 5 shows a system 500 in accordance with various embodiments. System 500
may be an example of system 100 of FIG. 1; system 500 may include aspects of system 200
of FIG. 2A, system 200-a of FIG. 2B, system 300 of FIG. 3, system 300-a of FIG. 3B, and/or
system 400 of FIG. 4. System 500 may generally show the integration between a thermally
driven heat pump 114-e and a booster type vapor compression cycle 117-e. A refrigerant
118-e of the vapor compression cycle 117-e that may leave a compressor 103-d may be fed
into a heat exchanger 101-d, which may be referred to as a first heat exchanger, where it may
be desuperheated and may warm a refrigerant 109-d of the thermally driven heat pump 114-d.

Heat 115-e may be removed from the vapor compression cycle and may be referred to as a
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first removed heat. The heat 115-e may drive the thermally driven heat pump 114-e. In some
embodiments, the refrigerant 109-d of the thermally driven heat pump 114-e may include a
freeze point suppression refrigerant of a freeze point suppression cycle; the refrigerant 109-d
may partially or fully power a separator 123-d of the freeze point suppressant cycle. The
refrigerant 118-¢ in the vapor compression cycle 117-e then may flow into condenser 102-d
where it may be condensed. After being condensed, the refrigerant 118-e of the vapor
compression cycle 117-e may flow into a heat exchanger 104-d, which may be referred to as
a liquid sub-cooler and/or second heat exchanger, where it may be cooled by refrigerant 108-
d from the thermally driven heat pump 114-d. For example, a freeze point suppression
refrigerant from a tank 122-d, such as an ice tank, may be utilized. Some embodiments
include mixing a solid, such as ice, and a concentrated freeze point suppressant generated by
the separator 123-d to create this cold refrigerant 108-d. Heat 116-e may be removed from
the vapor compression cycle 117-e. Removing heat 116-e may reduce a temperature of the
refrigerant 118-e of the vapor compression cycle 117-e below an ambient temperature. The
refrigerant 118-e of the vapor compression cycle 117-e coming out of the heat exchanger
104-d may flow to an expansion valve 105-d and may expand to a state containing more
liquid refrigerant than may normally occur without liquid sub-cooling. The refrigerant 118-¢
of the vapor compression cycle 117-e than may enter a receiving vessel 111-c, which may be
referred to as a flash intercooler, where it may be separated into liquid and vapor. The vapor
may be sent back to the compressor 103-d via a gas bypass expansion valve 127 and the
liquid may be sent to the heat exchanger 109-c and/or the heat exchanger 129, which may be
referred to as a third heat exchanger and a fifth heat exchanger, respectively, in some
embodiments, where the liquid may be cooled again using the cold refrigerant from the
thermally driven heat pump 114-d. Heat 116-e-1 and/or heat 116-e-2 may be removed from
the vapor compression cycle 117-¢; heat 116-e-1 may be referred to as a third removed heat
and heat 116-e-2 may be referred to as a fifth removed heat in some embodiments.
Removing heat 116-e-1 and/or heat 116-e-2 may further reduce a temperature of the
refrigerant 118-e of the vapor compression cycle 117-e below an ambient temperature.
Valve(s) 112-c in refrigerant lines may allow for the heat exchanger 104-d, the heat
exchanger 109-c, and/or the heat exchanger 129 to be operated in series or parallel depending
on aspects of the vapor compression cycle. The liquid may enter expansion valves 110-c
and/or 128 may now expand to a state containing more liquid than it may without the heat
exchangers 109-c and/or 129. The subcooled refrigerant line that went through a medium

temperature expansion valve 128 then may enter a medium temperature evaporator 126
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where it may boil, which may provide refrigeration. Merely by way of example, the medium
in this case may refer to temperatures near 0°C. The refrigerant 118-e of the vapor
compression cycle 117-e that went through a low temperature expansion valve 110-¢ may
flow to the low temperature evaporator 106-d where it may boil, which may provide
refrigeration. This refrigerant 118-e of the vapor compression cycle 117-e then may flow to a
second compressor 113-a and may be pressurized to the pressure of the medium temperature
expanded gas and the bypassed gas. During this process, it may pick up heat again and may
enter a heat exchanger 125-a, which may be referred to as a fourth heat exchanger, where it
may supply more heat 115-e-1 to the refrigerant 109-d of the thermally driven heat pump
114-e. Removing heat 115-e-1 may desuperheat the refrigerant leaving the compressor 113-a
and may drive the thermally driven heat pump114-e. In some embodiments, this may
partially or fully power the separator 123-d. Finally, one or more of the three refrigerant
streams may meet up and flow to the compressor 103-d, completing the cycle. While system
500 may show the use of a freeze point suppressant cycle as the thermally driven heat pump
114-e, other thermally driven heat pumps may be utilized, including, but not limited to,

absorption heat pumps.

[0052] FIG. 6A shows a flow chart of a method 600 in accordance with various
embodiments. Method 600 may be implemented utilizing aspects of system 100 of FIG. 1,
system 200 of FIG. 2A, system 200-a of FIG. 2B, system 300 of FIG. 3A, system 300-a of
FIG. 3B, system 400 of FIG. 4, and/or system 500 of FIG. 5.

[0053] Atblock 610, a first heat may be removed from a vapor compression cycle. At
block 620, the first removed heat from the vapor compression cycle may be utilized to drive a
thermally driven heat pump. At block 630, a second heat from the vapor compression cycle
may be removed utilizing the thermally driven heat pump to reduce a temperature of a

refrigerant of the vapor compression cycle below an ambient temperature.

[0054] In some embodiments of the method 600, utilizing the first removed heat from the
vapor compression cycle to drive the thermally driven heat pump includes separating a freeze
point suppressant from a refrigerant of the thermally driven heat pump to form a concentrated
freeze point suppressant. Removing the second heat from the vapor compression cycle
utilizing the thermally driven heat pump to reduce the temperature of the refrigerant of the
vapor compression cycle below the ambient temperature may include: combining the

concentrated freeze point suppressant with a solid material to form at least a portion of the
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refrigerant of the thermally driven heat pump; and/or utilizing the portion of the refrigerant of
the thermally drive heat pump to reduce the temperature of the refrigerant of the vapor
compression cycle below the ambient temperature. In some embodiments, the method may

improve the vapor compression cycle.

[0055] In some embodiments of the method 600, removing the first heat from the vapor

compression cycle includes passing the refrigerant of the vapor compression cycle through a
first heat exchanger that is thermally coupled with the thermally driven heat pump. The first
heat exchanger may be positioned between a compressor of the vapor compression cycle and

a condenser of the vapor compression cycle.

[0056] In some embodiments of the method 600, removing the second heat from the vapor
compression cycle utilizing the thermally driven heat pump to reduce the temperature of
refrigerant of the vapor compression cycle below the ambient temperature includes passing
the refrigerant of the vapor compression cycle through a second heat exchanger positioned
between a condenser of the vapor compression cycle and an expansion valve of the vapor
compression cycle. In some embodiments, removing the second heat from the vapor
compression cycle utilizing the thermally driven heat pump to reduce the temperature of
refrigerant of the vapor compression cycle below the ambient temperature includes passing a

refrigerant of the thermally driven heat pump through the second heat exchanger.

[0057] Some embodiments of the method 600 include utilizing a receiving vessel to receive
at least a liquid form of the refrigerant of the vapor compression cycle or a vapor form of the
refrigerant of the vapor compression cycle after the refrigerant of the vapor compression
cycle passes through the expansion valve of the vapor compression cycle. Some
embodiments include: directing the vapor form of the refrigerant to the compressor of the
vapor compression cycle; and/or directing at least a first portion of the liquid form of the
refrigerant of the vapor compression cycle to a third heat exchanger; the third heat exchanger
may be thermally coupled with a refrigerant of the thermally driven heat pump and may
further cool the first portion of the liquid form of the refrigerant of the vapor compression
cycle below the ambient temperature through removing a third heat from the vapor
compression cycle. Some embodiments include utilizing the second heat exchanger and the
third heat exchanger in series. Some embodiments include utilizing the second heat

exchanger and the third heat exchanger in parallel.
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[0058] Some embodiments of the method 600 include forming a solid material through
directing at least a second portion of the liquid form of the refrigerant of the vapor
compression cycle to a solid maker. The solid material may include a frozen material, for
example. Some embodiments include: combining a freeze point suppressant with the solid
material to form at least a portion of a refrigerant of the thermally driven heat pump; and/or
passing the portion of the refrigerant of the thermally driven heat pump through the second
heat exchanger to reduce the temperature of the refrigerant of the vapor compression cycle

below the ambient temperature.

[0059] Some embodiments of the method 600 include: directing the liquid form of the
refrigerant of the vapor compression cycle to a second expansion valve; and/or passing the
refrigerant of the vapor compression cycle that has passed through the second expansion
valve to a fourth heat exchanger to remove a fourth heat from the vapor compression cycle.
Some embodiments include utilizing the fourth removed heat from the vapor compression
cycle to drive the thermally driven heat pump. In some embodiments, utilizing the fourth
removed heat from the vapor compression cycle to drive the thermally driven heat pump
includes separating a freeze point suppressant from a refrigerant of the thermally driven heat

pump to form a concentrated freeze point suppressant.

[0060] Some embodiments of the method 600 include directing the refrigerant of the vapor
compression cycle from the fourth heat exchanger to the receiving vessel. Some
embodiments include directing at least a third portion of the liquid form of the refrigerant of
vapor compression cycle to a fifth heat exchanger; the fifth heat exchanger may be thermally
coupled with the refrigerant of the thermally driven heat pump and may further cool the third
portion of the liquid form of the refrigerant of the vapor compression cycle below the
ambient temperature through removing a fifth heat from the vapor compression cycle. Some
embodiments include: directing the refrigerant of the vapor compression cycle from the
fourth heat exchanger to the compressor; and/or directing the refrigerant of the vapor

compression cycle from the fifth heat exchanger to the compressor.

[0061] FIG. 6B shows a flow chart of a method 600-a in accordance with various
embodiments. Method 600 may be implemented utilizing aspects of system 100 of FIG. 1,
system 200 of FIG. 2A, system 200-a of FIG. 2B, system 300 of FIG. 3A, system 300-a of
FIG. 3B, system 400 of FIG. 4, and/or system 500 of FIG. 5. Method 600-a may be an
example of method 600 of FIG. 6A.
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[0062] Atblock 610-a, a first heat may be removed from a vapor compression cycle. At
block 620-a, the first removed heat from the vapor compression cycle may be utilized to drive
a thermally driven heat pump through separating a freeze point suppressant from a refrigerant
of the thermally driven heat pump to form a concentrated freeze point suppressant. At block
630-a-1, the concentrated freeze point suppressant may be combined with a solid material to
form at least a portion of the refrigerant of the thermally driven heat pump. At block 630-a-2,
the portion of the refrigerant of the thermally driven heat pump may be utilized to reduce a

temperature of the refrigerant of the vapor compression cycle below an ambient temperature.

[0063] These embodiments may not capture the full extent of combination and
permutations of materials and process equipment. However, they may demonstrate the range
of applicability of the method, devices, and/or systems. The different embodiments may

utilize more or less stages than those described.

[0064] It should be noted that the methods, systems, and devices discussed above are
intended merely to be examples. It must be stressed that various embodiments may omit,
substitute, or add various procedures or components as appropriate. For instance, it should be
appreciated that, in alternative embodiments, the methods may be performed in an order
different from that described, and that various stages may be added, omitted or combined.
Also, features described with respect to certain embodiments may be combined in various
other embodiments. Different aspects and elements of the embodiments may be combined in
a similar manner. Also, it should be emphasized that technology evolves and, thus, many of
the elements are exemplary in nature and should not be interpreted to limit the scope of the

embodiments.

[0065] Specific details are given in the description to provide a thorough understanding of
the embodiments. However, it will be understood by one of ordinary skill in the art that the
embodiments may be practiced without these specific details. For example, well-known
circuits, processes, algorithms, structures, and techniques have been shown without

unnecessary detail in order to avoid obscuring the embodiments.

[0066] Also, it is noted that the embodiments may be described as a process which may be
depicted as a flow diagram or block diagram or as stages. Although each may describe the
operations as a sequential process, many of the operations can be performed in parallel or
concurrently. In addition, the order of the operations may be rearranged. A process may

have additional stages not included in the figure.
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[0067] Having described several embodiments, it will be recognized by those of skill in the
art that various modifications, alternative constructions, and equivalents may be used without
departing from the spirit of the different embodiments. For example, the above elements may
merely be a component of a larger system, wherein other rules may take precedence over or
otherwise modify the application of the different embodiments. Also, a number of stages
may be undertaken before, during, or after the above elements are considered. Accordingly,

the above description should not be taken as limiting the scope of the different embodiments.
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WHAT IS CLAIMED IS:

1. A method comprising:

removing a first heat from a vapor compression cycle;

utilizing the first removed heat from the vapor compression cycle to drive a
thermally driven heat pump; and

removing a second heat from the vapor compression cycle utilizing the
thermally driven heat pump to reduce a temperature of a refrigerant of the vapor compression

cycle below an ambient temperature.

2. The method of claim 1, wherein utilizing the first removed heat from
the vapor compression cycle to drive the thermally driven heat pump includes separating a
freeze point suppressant from a refrigerant of the thermally driven heat pump to form a

concentrated freeze point suppressant.

3. The method of claim 2, wherein removing the second heat from the
vapor compression cycle utilizing the thermally driven heat pump to reduce the temperature
of the refrigerant of the vapor compression cycle below the ambient temperature includes:

combining the concentrated freeze point suppressant with a solid material to
form at least a portion of the refrigerant of the thermally driven heat pump; and

utilizing the portion of the refrigerant of the thermally driven heat pump to
reduce the temperature of the refrigerant of the vapor compression cycle below the ambient

temperature.

4. The method of claim 1, wherein removing the first heat from the vapor
compression cycle includes passing the refrigerant of the vapor compression cycle through a

first heat exchanger that is thermally coupled with the thermally driven heat pump.

5. The method of claim 4, wherein the first heat exchanger is positioned
between a compressor of the vapor compression cycle and a condenser of the vapor

compression cycle.

6. The method of claim 1, wherein removing the second heat from the
vapor compression cycle utilizing the thermally driven heat pump to reduce the temperature
of refrigerant of the vapor compression cycle below the ambient temperature includes passing
the refrigerant of the vapor compression cycle through a second heat exchanger positioned
between a condenser of the vapor compression cycle and an expansion valve of the vapor

compression cycle.
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7. The method of claim 6, wherein removing the second heat from the
vapor compression cycle utilizing the thermally driven heat pump to reduce the temperature
of refrigerant of the vapor compression cycle below the ambient temperature includes passing
a refrigerant of the thermally driven heat pump through the second heat exchanger.

8. The method of claim 6, further comprising utilizing a receiving vessel
to receive at least a liquid form of the refrigerant of the vapor compression cycle or a vapor
form of the refrigerant of the vapor compression cycle after the refrigerant of the vapor

compression cycle passes through the expansion valve of the vapor compression cycle.

0. The method of claim 8, further comprising:

directing the vapor form of the refrigerant to the compressor of the vapor
compression cycle; and

directing at least a first portion of the liquid form of the refrigerant of the
vapor compression cycle to a third heat exchanger, wherein the third heat exchanger is
thermally coupled with a refrigerant of the thermally driven heat pump and further cools the
first portion of the liquid form of the refrigerant of the vapor compression cycle below the

ambient temperature through removing a third heat from the vapor compression cycle.

10. The method of claim 9, further comprising utilizing the second heat
exchanger and the third heat exchanger in series.
11. The method of claim 9, further comprising utilizing the second heat

exchanger and the third heat exchanger in parallel.

12. The method of claim 8, further comprising forming a solid material
through directing at least a second portion of the liquid form of the refrigerant of the vapor

compression cycle to a solid maker.

13. The method of claim 12, further comprising:

combining a freeze point suppressant with the solid material to form at least a
portion of a refrigerant of the thermally driven heat pump; and

passing the portion of the refrigerant of the thermally driven heat pump
through the second heat exchanger to reduce the temperature of the refrigerant of the vapor

compression cycle below the ambient temperature.

14. The method of claim 9, further comprising:
directing the liquid form of the refrigerant of the vapor compression cycle to a

second expansion valve; and
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passing the refrigerant of the vapor compression cycle that has passed through
the second expansion valve to a fourth heat exchanger to remove a fourth heat from the vapor

compression cycle.

15. The method of claim 14, further comprising utilizing the fourth

removed heat from the vapor compression cycle to drive the thermally driven heat pump.

16. The method of claim 15, wherein utilizing the fourth removed heat
from the vapor compression cycle to drive the thermally driven heat pump includes
separating a freeze point suppressant from a refrigerant of the thermally driven heat pump to

form a concentrated freeze point suppressant.

17. The method of claim 14, further comprising directing the refrigerant of

the vapor compression cycle from the fourth heat exchanger to the receiving vessel.

18. The method of claim 17, further comprising directing at least a third
portion of the liquid form of the refrigerant of vapor compression cycle to a fifth heat
exchanger, wherein the fifth heat exchanger is thermally coupled with the refrigerant of the
thermally drive heat pump and further cools the third portion of the liquid form of the
refrigerant of the vapor compression cycle below the ambient temperature through removing

a fifth heat from the vapor compression cycle.

19. The method of claim 18, further comprising:

directing the refrigerant of the vapor compression cycle from the fourth heat
exchanger to the compressor; and

directing the refrigerant of the vapor compression cycle from the fifth heat

exchanger to the compressor.

20. A system comprising:

a first heat exchanger coupled with a vapor compression cycle to remove a
first heat from the vapor compression cycle and coupled with a thermally driven heat pump to
drive the thermally driven heat pump utilizing the first removed heat from the vapor

compression cycle.

21. The system of claim 20, further comprising:

a second heat exchanger coupled with the vapor compression cycle to remove
a second heat from the vapor compression and coupled with the thermally driven heat pump,
wherein removing the second heat from the vapor compression cycle reduces a temperature

of a refrigerant of the vapor compression cycle below an ambient temperature.
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22. The system of claim 21, wherein the first heat exchanger is positioned
between a compressor of the vapor compression cycle and a condenser of the vapor

compression cycle.

23.  The system of claim 22, wherein the second heat exchanger is
positioned between the condenser of the vapor compression cycle and an expansion valve of

the vapor compression cycle.

24, The system of claim 21, wherein the thermally driven heat pump

includes a freeze point suppressant cycle.

25.  The system of claim 24, wherein the first removed heat from the vapor
compression cycle drives the thermally driven heat pump through separating a freeze point
suppressant from a refrigerant of the thermally driven heat pump to form a concentrated

freeze point suppressant.

26. The system of claim 25, wherein the thermally driven heat pump

includes a solid maker.

27. The system of claim 26, wherein:

the thermally driven heat pump is configured to combine a solid from the solid
maker with the concentrated freeze point suppressant to form at least a portion of the
refrigerant of the thermally driven heat pump; and

the second heat exchanger is configured to receive the portion of the
refrigerant of the thermally driven heat pump to reduce the temperature of the refrigerant of

the vapor compression cycle below the ambient temperature.

28.  The system of claim 23, further comprising a receiving vessel
positioned to receive at least a liquid form of the refrigerant of the vapor compression cycle
or a vapor form of the refrigerant of the vapor compression cycle after the refrigerant of the

vapor compression cycle passes through the expansion valve of the vapor compression cycle.

29.  The system of claim 28, further comprising a third heat exchanger
configured to receive at least a first portion of the liquid form of the refrigerant of the vapor
compression cycle, wherein the third heat exchanger is thermally coupled with the refrigerant
of the thermally driven heat pump and further cools the first portion of the liquid form of the
refrigerant of the vapor compression cycle below the ambient temperature through removing

a third heat from the vapor compression cycle.
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30.  The system of claim 29, wherein the second heat exchanger and the
third heat exchanger are utilized in series.
31.  The system of claim 29, wherein the second heat exchanger and the

third heat exchanger are utilized in parallel.

32. The system of claim 28, wherein the receiving vessel is coupled with
the thermally driven heat pump such that at least a second portion of the liquid form of the
refrigerant of the vapor compression cycle is directed to a solid maker of the thermally driven

heat pump.

33. The system of claim 29, further comprising a fourth heat exchanger
positioned to receive a portion of the refrigerant of the vapor compression cycle that passes

through the third heat exchanger to remove a fourth heat from the vapor compression cycle.

34.  The system of claim 33, wherein the fourth heat exchanger and the
thermally driven heat pump are coupled with each other such that the fourth removed heat

from the vapor compression cycle drives the thermally driven heat pump.

35. The system of claim 34, wherein the thermally driven heat pump
includes a separator configured to receive the fourth removed heat from the vapor
compression cycle to separate a freeze point suppressant from the refrigerant of the thermally

driven heat pump to form a concentrated freeze point suppressant.

36. The system of claim 35, wherein:

the thermally driven heat pump is configured to combine a solid from a solid
maker with the concentrated freeze point suppressant to form at least a portion of a
refrigerant of the thermally driven heat pump; and

the second heat exchanger is configured to receive the portion of the
refrigerant of the thermally driven heat pump to reduce the temperature of the refrigerant of
the vapor compression cycle below the ambient temperature.

37. The system of claim 33, wherein the fourth heat exchanger is coupled
with the receiving vessel such that the receiving vessel receives the portion of the refrigerant

from the vapor compression cycle that has passed through the fourth heat exchanger.

38. The system of claim 37, further comprising a fifth heat exchanger that
is thermally coupled with the refrigerant of the thermally driven heat pump to remove a fifth
heat from the vapor compression cycle and is coupled with the receiving vessel to receive at

least a third portion of the liquid form of the refrigerant of the vapor compression cycle that is
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further cooled below the ambient temperature through removing the fifth heat from the vapor
compression cycle.

39. The system of claim 38, wherein:

the fourth heat exchanger is coupled with the compressor to direct the
refrigerant of the vapor compression cycle from the fourth heat exchanger to the compressor;
and

the fifth heat exchanger is coupled with the compressor to direct the

refrigerant of the vapor compression cycle from the fifth heat exchanger to the compressor.

28



WO 2018/183238

100

114

119

125

115

1/9

PCT/US2018/024436
\O
a
A o0
\_/ :
> =
A
\O
\/_\ :
-
o
Yy

\ ., \

(
)

123

FIG. 1



PCT/US2018/024436

WO 2018/183238

2/9

€0

00¢

!

B-L11

901

V¢ DId

S0l

P e m e m e ;S S 5 S D D D S - -

801

E-pll

ccl

ecl

e-811
101

B-CT1

v

vOl
0l

L) T LT T )
—

B-Ol1

]

-.'lll'lll"lll'

ann

601



PCT/US2018/024436

WO 2018/183238

3/9

€01

€-00¢

-

d¢ DIA

LT

=901
=601

=801

vl

811 01
1-201

101

[ T T T )
——

61T oIl

r
[}
1
[]
[]
[}
[}
1
[]
[}
[}
1
[]
[]
]

«
|

=601




PCT/US2018/024436

WO 2018/183238

4/9

B-¢01

00¢

q-L11

€-901

LTI

V¢ DIA

OIT

[-9-911 o0t
-q-
S—L \

Cll

g-811
e-101

q-S11

v

—

g+l

B-G01 B-101

[

——

B-701

B-801

q-911

memmmee e

]

e

B-601



PCT/US2018/024436
5/9

WO 2018/183238

LI d¢ DIA

g-901
011

—
I
?
\O
—
—
(--- -

\ B-601
» B-Z11 B dil

m

1%

111

.----------- L L XX ]

J

]
1
H
i —
[ ] —
9-501 q-+01 m |-
/l/) . —
[ ]
[} _
o-811 / > m e | —
ﬁ—lMOM ﬁ—lNOM \‘ mlllllllllllllll"lll_ll — U\
S R W 11 S oL 7y m
H : '
q-€01 \\w i ' .--------”uy----------------.
1 [ ]
: H €1
H i
«\ ] N —— q-601

€-00¢



PCT/US2018/024436

WO 2018/183238

6/9

00¥

€Ll

P-L1

!
2-901

v "DId

4601
STl \ P-pl1
Q11
1-P-S11 = -7zl €71
[ ]
m . - L
g I
- .
=
1
m \_/ -
1===1 ooooooo%omoomooo" 9-601 01 |
- - —
m /);\.v 2-801 |~
: P-SI1 i ./
m 2-101 01 \K N
1 - _|
' ﬁ pP-S11 . P-9Ll
V : - -
«\ — _ 2-601




PCT/US2018/024436

WO 2018/183238

7/9

B-¢ll

00¢

LI ¢ DIA

e ettt

ﬁ 0-011
)

:
-y
> \ o111 - -p11
[-9-GT1 | - \ p-2Z1 p-€Z1
q\ 8CL z-o-o11|*17C T ( (
- LT VS W
i ™ I i
T Vh - “

._ i f ! — '
fo==ccccman [} [ ]
: 671 [

: [ ’ —
[ ] [ ] —
[ ] — [ ]
' 9Tl POl p-v01 i - i
m BNM -ﬁ U\ H
\ -G 1 011 /]
i i e - i

: ' == ===

_

pP-€01 #\ ] m.-------------m P-601
[




WO 2018/183238

PCT/US2018/024436

Remove a first heat from a vapor compression
cycle

|

Utilize the first removed heat from the vapor
compression cycle to drive a thermally driven heat

pump

\\

|

Remove a second heat from the vapor compression
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suppressant
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Combine the concentrated freeze point suppressant
with a solid material to form at least a portion of
the refrigerant of the thermally driven heat pump
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thermally drive heat pump to reduce a temperature
of the refrigerant of the vapor compression cycle
below an ambient temperature
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