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REFRIGERATOR INTEGRATED WITH AN ATMOSPHERIC WATER HARVESTING
UNIT, AND METHODS OF USING THEREOF

CROSS-REFERENCE TO RELATED APPLICATION

{0001] This application clairos priority to U.S. Provisional Patent Application No.
62/908,171, filed September 30, 2019, which is incorporated herein by reference in its

entirety.
FIELD

{0002] The present disclosure relates generally to refrigerators, and more specifically to

refrigerators integrated with an atmospheric water harvesting unit.
BACKGROUND

{6063] Most refrigerators today are equipped with water dispensing capability. However,
this requires a connection to water-supply piping. In areas where households do not have a
ready-to-connect water supply line at the refrigerator installation site, a plumber typically
needs to install a connection to a water supply, which can be costly. Moreover, there are
certain areas of the world in which water supply is not readily accessible. The refrigerator
also needs to have excessive tubing to guide pressurized tap water to the dispenser, which
may lead to leaks. The water flow rate and pressure also need to be adjusted. These

requirements add in complexity and reliability concerns during the life of the refrigerator.

{0004] Thus, what is needed in the art is a refrigerator designed to dispense water without

need to connect to a water supply.

BRIEF SUMMARY
{0605] Provided herein is a refrigerator designed to harvest water from the atmosphere as

the water supply.

{6086] In some aspects, provided is refrigerator system that includes: an atmospheric
water harvesting unit, a compressor, an expansion valve, a cooling unit, a water condensing
unit, a water tank, and a control system. In some embodiments, the system is configured to
cycle through a moisture collection mode, a water production mode, and a cooling mode. In
some variations, the atmospheric water harvesting unit includes a plurality of plates, in which

each plate is independently coated on one or both sides with water capture material. The
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water capture material adsorbs moisture from surrounding air in the moisture collection
mode, and desorbs water in the form of water vapor in the water production mode. The
atmospheric water harvesting unit further includes a condenser. The compressor is
configured to produce heated refrigerant, which is circulated to the condenser and heats up at
feast a portion of the plates, thereby causing desorption of water from at least a portion of the
moisture sequestered in the water capture material in the water production roode. The
expansion valve is configured to receive the refrigerant from the condenser, and allow
adiabatic expansion of the refrigerant to produce a cooled refrigerant, which cools the interior
of the refrigerator system in the cooling mode. The water condensing unit is configured to
condense the desorbed water vapor into liquid water in the water production mode. The
water tank is configured to store the Hiquid water. The control system is configured to shift

the systern from one mode to another.

{0067] In other aspects, provided is a refrigerator system, configured to cycle through a
moisture collection mode, a water production mode, a cooling mode, and a standby mode.
The system inchudes an atinospheric water harvesting anit; an air inlet configured to bring
surrounding air info the atmospheric water barvesting unit; a condenser positioned in
proximity to the plurality of plates; a condenser fan positioned in between the air inlet and the
plurality of plates; an exhaust valve; and a steam valve. The system further inchudes a
cooling unit, which is made of at least an evaporator and an evaporator fan; a water
condensing unit; a water tank; a compressor; an expansion valve, connected to the evaporator
and the condenser; and a control system. In some variations, the control system includes a
plurality of sensors, such as a humidity sensor to detect moisture saturation of the water
capture material; a temperature sensor to detect temperature of the refrigerator system
intertor; and a water volume sensor to detect water level in the water tank. The control

system is configared to shift the system from one mode to another.

{0008] When the system is in the moisture collection mode, the compressor is off; the
steam valve is closed; the exhaust valve is open; and the condenser fan is configured to draw
surrounding air info the atmospheric water harvesting unit through the air inlet and blow the

surrounding air through the gap between adjacent plates, thereby causing the water capture

material to adsorb moisture from the surrounding air.

{0609] When the system is in the water production mode, the steam valve is open; the

exhaust valve is closed; the compressor is on and configured to compress refrigerant, thereby

b
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producing a heated refrigerant; the condenser is configured to receive the heated refrigerant
from the cormpressor and heat up at least a portion of the plates, thereby causing desorption of
at least a portion of moisture sequestered in the water capture material, and the condenser fan
is configured to push desorbed water vapor through the steam valve into the water
condensing unit, wherein the water vapor condenses into liquid water that is stored in the

water tank.

[0016] When the system is in the cooling mode, the stear valve is closed; the exhaust
valve is open; the compressor remains on; the expansion valve is configured to recetve the
refrigerant from the condenser, and allow adiabatic expansion of the refrigerant, thereby
producing a cooled refrigerant; the cvaporator is configured to receive the cooled refrigerant;
and the evaporator fan is configured to cool the interior of the refrigerator system. In some
variations, the compressor and the expansion valve are configured to compress/expand the
refrigerant in one ot more continuous cycles until the refrigerator system interior exceeds a

threshold temperature.

{00111 When the system is in the standby mode, the steam valve is closed; the exhaust

valve is open; the compressor is off; and the condenser fan is off.

[60612] In some embodiments, the control system is configured to shift the system to the
moisture collection mode when the water level in the water tank is detected by the water
volume sensor to drop below a threshold water level; the water production mode when the
moisture saturation level is detected by the huamidity sensor to exceed a threshold moisture
saturation level; the cooling mode when the temperature of the refrigerator system interior is
detected by the temperature sensor to exceed a threshold temperature; and the standby mode
when the feroperature of the refrigerator system interior is detected by the temperature sensor
to drop below a threshold temperature, and the water level in the water tank is detected by the

water volume sensor to exceed a threshold water level.

{6013] In other aspects, provided is a method of operating the refrigerator systems
described herein that source water, at least in part, from an atmospheric water harvesting unit
by atmospheric water harvesting. In some embodiments, the method includes: a) directing
surrounding air into the atmospheric water harvesting unit, wherein at least a portion of the
water capture material adsorbs moisture from the surrounding air; b) compressing refrigerant

in the compressor to produce a heated refrigerant; ¢) heating at least a portion of the plates as
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the condenser cools heated refrigerant received from the compressor, wherein af least a
portion of moisture sequestered in the water capture material is desorbed in the form of water
vapor; d) condensing the desorbed water vapor in the water condensing unit to produce liquid
water; ¢) storing the liquid water in the water tank; f) adiabatically expanding the refrigerant
received from the condenser in the cxpausion valve to produce cooled refrigerant; and g)
cooling the refrigerator systern interior as the cooling unit receives cooled refrigerant from
the expansion valve. With respect to the method described above, step {a) is performed when
the system is in moisture collection mode; steps (b) and (d) are performed when the system is
n water collection mode; and steps (f) and (g) are performed when the systero is in cooling

mode.

{0014] In certain aspects, the method includes: a) directing surrounding air into the
atmospheric water harvesting unit, wherein at least a portion of the water capture material
adsorbs water from the surrounding air; b) shifting the system from moisture collection mode
to water production mode when the moisture saturation level of the water capture roaterial in
the atmospheric water harvesting unit exceeds a threshold moisture saturation level; ¢)
compressing refrigerant {o produce a heated refrigerant in the water production mode; d)
cooling the heated refrigerant to room temperature in the condenser in the water production
maode, thereby heating up at least a portion of the plates and causing desorption of at least a
portion of water sequestered in the water capture material; ¢) transferring the desorbed water
vapor into the water condensing unit in the water production mode; ) condensing the
desorbed water vapor into liguid water in the water production mode; g) storing the liquid
water in the water tank; h) shifting the system from water production mode to cooling mode
when the temperature of the refrigerator system interior exceeds a threshold temperature; i)
adiabatically expanding the refrigerant received from the condenser using an expansion valve
in the cooling mode, thereby producing a cooled refrigerant; j) circulating the cooled
refrigerant to an evaporator in the cooling mode; k) cooling the refrigerator system interior
using an evaporator fan positioned near the evaporator in the cooling mode; and 1)
compressing and expanding the refrigerant through one or more continuous cycles in the

cooling mode.

DESCRIPTION OF THE FIGURES

{0015] The present application can be best understood by reference to the following

description taken in conjunction with the accompanying figures included in the specification.
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{0016] FIG. 1 depicts an exemplary refrigerator system with an integrated atmospheric

water harvesting unit.

DETAILED DESCRIPTION

{6017] The following description sets forth exemplary methods, parameters and the hike.
It should be recognized, however, that such description is not infended as a limitation on the
scope of the present disclosure but is instead provided as a description of exemplary

embodiments.

{0018] In some aspects, provided herein are refrigerator systems designed to incorporate
atmospheric water capture to supply clean drinking water, without the need to connect to an
external water supply. In some embodiments, commercially available refrigerators are
retrofitted to add an atmospheric water harvesting unit. Tan other embodiments, refrigerators
have a built-in atmospheric water harvesting unit. Such refrigerator systems do not require

the installation of a connection to a water supply, as water is captured from surrounding air.

{6019] Moreover, such refrigerator systems can be used in areas of the world that have
limited water supply and/or have the driest environments. For exarple, in some variations,
areas with dry environments have a relatively bumidity of less than about 30%, less than
about 20%, less than about 15%, less than about 10%, less than about 5%, or less than about
%0 or between about 1% and about 20%, between about 1% and about 15%, or between

about 10% and about 20%.

{00207 With reference to FIG. 1, system 180 is an exemplary refrigerator system with
integrated atmospheric water harvesting unit 128. To a certain extent, system 180 operates
like conventional refrigerators. Compressor 11 compresses refrigerant, which heats the
refrigerant. In some variations, the refrigerant heats up to temperatures in the 60°C to 70°C
range. The refigerant is cooled to room temperature in condenser 128 using condenser fan
122. Beat exchange is facilitated by the use of plates 126, offering a large surface area. The
refrigerant is then allowed to adiabatically expand in expansion valve 144, leading to a large
drop in temperature. The cold refrigerant enters the refrigerator in evaporator 140, where
evaporator fan 142 helps cool the refrigerator interior. The refrigerant then re-enters
compressor 116, and the compression/expansion cycle contintes to proceed until the

refrigerator reaches a threshold temperature. However, unlike convention refrigerators,
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system 160 includes atmospheric water harvesting unit 126, which is an enclosed unit

housing plates 126 coated with water capture material.

{6021] In stanby mode, system 130 does not need cooling or water production, and

compressor 118 and all fans (condenser fan 124 and evaporator fan 142) ave turned off.

[6022] When water needs to be collected, system 180 goes into moistare collection mode,
and condensor fan 124 is turned on, allowing air 162 to flow between plates 126. Moisture
from the surrounding air is adsorbed by the water capture material. In the moisture collection
mode, exhaust valve 132 is open, and steam valve 134 is closed. Humidity sensor 138 is
positioned near exhaust valve 132, is used to turn condenser fan 122 off after the water
capture material is saturated with moisture, when the humidity there approaches ambient
levels. In some variations, condenser fan 122 can be adjusted to minimize noise and energy

dernand, while at the same tiroe maximizing water production.

{6023] When the humidity in the atmuospheric water harvesting anit approaches ambient
levels, systerm 100 then enters into water production mode, with compressor 118 tarned on,
condensor 128 heating up. and water from the water capture material starting to desorb. In
some variations, condenser fan 122 is allowed to run at low speed, while exhaust valve 132
closes and the steam valve 134 opens up. Moist air 184 therefore is allowed to enter the
inside of the cold refrigerator through water condensing unit 138, and liguid water slowly
condenses. In some variations, a gentle slope in the water condensing unit 138 may allow
liquid water 106 to transfer into water tank 146. Liquid water 106 provides clean water to the

cold water outlet and refrigerator ice maker.

{0024] Once all the water has desorbed from the water capture material, as monitored by
humidity sensor 138, system 108 goes back to either standby mode or cooling mode {if the
refrigerator needs cooling). In cooling mode, stean valve 134 closes, exhaust valve 132
opens, and condenser fan 124 is turmed on to full speed, allowing compressor 118 to run in

the conventional mode of a standard refrigerator.

[0025] A suramary of the four modes and the state of certain cornponents of the

refrigerant system involved in water capture is provided in Table 1 below.
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Table 1.
Sﬁiﬁsy éﬁfiﬁiﬁ; Przziiiiiu(m Cooling Mode
Mode Mode
Water Capture n/a Adsorption Diesorption n/a
State

Compressor Off Off On On
Condenser Fan Off Variable Low High

Steam Valve Closed Closed Open Closed
Exhaust Valve Open Open Closed Open

{6026] System 106 further inchudes control system 1580, which is connected to humidity
sensor 136, temperature sensor 154, and water level sensor 152, Temperature sensor 154
monitors the temperatore of refrigerator interor 136, making sure system 108 enters the
cooling mode from standby mode when temperature 7 inside the refrigerator exceeds a given
threshold Ty, Water fevel sensor 152 monitors the water collection volume Vol in water tank
146, and when Vol dips below a given threshold Voly, system 108 shifts into moistare
collection mode and water production product. A summary of the control system architecture

for water production and refrigeration is provided in Table 2 below.

Table 2.

Vol > Voln Vol < Vola

Moisture Collection Mode
T>Tw Cooling Made Water Production Mode
Cooling Mode

Moisture Collection Meode

< T Standby Mode Water Production Mode

{00273 Various components of the refrigerator systems and methods of using such

systems are described further detail below.
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Plates

{0028] iIn some embodiments, the atmospheric water harvesting unit includes plates,
which are cach independently coated on one or both sides with the water capture material. in
some variations, the plates are arranged parallel to each other and a gap exists between
adjacent plates. The plates may be made of any suitable material, including any suitable
metal. For exarople, in some variations, the plates comprise aluminum. In some variations,

the plates comprise solid metal. in one variation, the plates are in the shape of fins.

{36291 fn certain variations, the plates have a flat surface. In other variations, each plate
has a cellular design where its surface is crisscrossed with small channels in a gnd pattern, so
as to make water capture material areas (e.g., squares) that would allow for thermal
cxpansion mismatch between the plates and the water capture material. In other variations,
each plate has a surface textured with topographic features that can enhance water
adsorption/desorption performance and/or reliability. In one variation, the topographic
features are holes, bumps, ridges, or grooves, or any combination thereof. In another
variation, the plates include mesh. For example, in one variation, the plates include

alumingm mesh.

[06036] In some embodiments, the distance of the gap between adjacent plates relative to
the length of each plate achieves optimal air flow and maximizes water adsorption. In some

variations the gap between adjacent plates is about 1% to about 5% of the length of a plate.

{6031] In some embodiments, the plates are coated with layers of the water capture
material cach having a thickness between about 10 microns to about SO0 microns, or between
about 50 microns to 500 microns, or between about 10 microns to about 50 microns. The
thickness of the layer may allow for faster adsorption and desorption {e.g., as compared to
thicker layers). in other embodiments, the plates are coated with layers of the water capture
material each having a thickness of about 0.1 to about 1 cm. Such thickness of the layer may

allow for production of larger water quantities {e.g., as compared to thinner layers).

[0032] In certain embodiments, each laver of the water capture material on the plates has
a porosity. In some variations, the porosity is at least about 40%, at least about 50%,, at least
about 60%, at least about 70%, or at lcast about 80%; or between about 40% and about 90%,

between about 50% and 90%, between about 40% and about 80Q%, between about 50% and
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about 80%, or between about 60% and 80%. In other embodiments, the layer of the water

capture material is non-porous.

{6033] In some embodiments, the ratio of the thickuess of the layer of the water capture
material is greater than the thickness of a plate. Tn certain embodiments where both sides of
the plates are coated with the water capture material, the ratio of the thickness of the first
{e.g.. top) layer of the water capture material to the thickness of the plate to the thickness of
the second (e.g., bottom) layer of the water capture material optimizes desorption of water
and energy used to heat the plates in the chamber. In some variations, where the layers are
nen-porous, the thickness of each layer of the water capture material may be at least greater

than half of the plate thickness.

{0034] In some variations of the foregoing, the layers of the water capture material may
be mixed with one or more additional components. In some variations, a binder may be
mixed into the layer. In certain variations, silicone binder may be used. In one variation, a
silicone resin binder may be used. In certain variations, the layer may further comprise one
or more materials to help with thermal conductivity, to speed up transfer. In one variation,

the layer further comprises graphite.

[06035] In certain variations, the water capture material is uniformly distributed on the
plates. Any suitable techniques known in the art may be employed to coat the layers of the
water capture material on the plates. For example, in one variation, the layers of water

capture material are deposited onto the plates.
Water Capture Material

{0036] in some ermbodiments, the water capture material can selectively capture water

from the atmosphere.

{0037} In some variations, the water capture material on the plates coroprises metal
organic frameworks (MOFs). MOFs are porous materials that have repeating secondary
building units (SBUs) connected to organic ligands. In some variations, the SBUs may
inciude one or more metals or metal-containing complexes. In other variations, the organic
ligands have acid and/or amine functional group(s). In certain variations, the organic ligands

have carboxylic acid groups.

9
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{0038] Any suitable MOFs capable of adsorbing and desorbing water may be employed
in the systems provided herein. Suitable MOFs may inchide those described in, for example,
Kalmutzki et al., Adv. Mat., 30(37), 1704304 (2018); Furukawa et al., §. Am. Chem. Soc.
2014, 136, 4369-4381; Y.Tuet al, Joule, Vol 2, Issue &(15), 1452-1475 (2018).

{6035] In some variations, the water capture material comprises:

MOF-303: AH{OH)YHPDC), where HPDC is 1H-pyrazole-3,5-dicarboxylate;
CAU-10: AHOH)(JPA), where TPA is isophthalate;

MOF-801: ZrsO4{OH)y(fumarate)s;

MOF-841: ZesGu(OHMWMTB)o(HCOO M (H0):;

Aluminom Fumarate: AOH)(furmnarate);

MIL-160: AHOHKFDA), where FDA is 2,5-furandicarboxylate;

MIL-53: AHOHNTPA), where TPA is terephthalate; or

Aluminem Phosphate: AIPO4-LTA,
or any combination thereof.

{6040] In some variations, the MOFs have pore sizes between about 0.5 nm about 1 nm,
or between about (.7 nm to about 0.9 nm. In certain variations, the MOFs have a hydrophilic
pore structure.  In certain variations, the MOFs have a hydrophilic pore structure comprising
acid and/or amine functional groups. In certain variations, the MOFs have 1D chanpels that

atlow for reversible water adsorption.

{6041] In some variations, the water capture material is a microporous aluminum

phosphate {(AIPO4-LTA). See e.g., Y. Tuet al, Joule, Vol 2, Issue 8(13), 1452-1475 (2018&).

{60421 Int other variations, the water capture material is a desiccant material. Any suitable

desiccant material may be used.

{0043] Any combinations of the water capture materials described herein may also be

used.

Condenser
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{0044] In some embodiments, the atmospheric water harvesting unit includes ong or more
condensers. The condenser is posifioned in proximity to the plates with water capture
material. In some variations, multiple condensers are used. In one variation where multiple

condensers are used, the condensers are serially arranged.

{0045] In some embodiments, when the system is in the water production mode, the
condenser receives heated refrigerant from the compressor, and heats up at least a portion of
the plates, thereby causing desorption of at least a portion of rooisture sequestered in the

water capture material.
Condenser Fan

{0046] In some embodiments, the atmospberic water barvesting unit includes one or more
condenser fans. The condenser fan is positioned in between the air inlet of the atmospheric
water harvesting unit and the plates with water capture material. In some variations, smltiple
condenser fans are used. In one variation where multiple condenser fans are used, the

condenser fans are sertally arvanged.

{0047] In some embodiments, when the system is in moisture collection mode, the
condenser fan draws surrounding air into the atmospheric water harvesting unit through the
air inlet and blows the surrounding air through the gap between adjacent plates, thereby

causing the water capture material to adsorb moisture from the surrounding air.

{0048] In some embodiments, when the system is in water production mode, the
condenser fan pushes desorbed water vapor through the steam valve into the water
condensing unit, wherein the water vapor condenses into liquid water that is stored in the

water tank.
Exhaust and Steam Valves

{6049] In some embodiments, the atimospheric water harvesting unit includes one or more
exhaust valves and one or more steam valves. The valve configurations as the refrigerator

system cycles through the various modes is summarized in Table | above.

{0056] In some variations, the atmospheric water harvesting unit has one exhaust valve,
or a plurality of exhaust valves. In some variations, the atmospheric water harvesting unit

has one steam valve, or a plurality of steam valves.

11
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Compressor

{0051] in some embodiments, the system further includes one or more compressors. Any
compressors typically found in standard refrigerators may be enployed in the systems of the
present invention. In some variations, roultiple compressors are used. In one vanation where

multiple compressors are used, the compressors are serially arranged.

{0052] The compressor compresses refrigerant that circelates in the refrigerator system,
which heats the refrigerant. In some variations, the refrigerant heats up to temperatures in the
60°C to 70°C range. The heated refrigerant is circulated to the condenser in the atmospheric

water harvesting unit, as discussed above.
Expansion Valve

{0053] in some embodiments, the systern further includes one or more expansion valves.
Any expansion valves typically found in standard refrigerators may be employed in the
systerns of the present invention. In some variations, multiple expansion valves are used. In
one variation where multiple expansion valves are used, the cxpansion valves are serially

arranged.

{00541 1 some emmbodiments, when the system is in the cooling mode, the expansion
valve receives the refrigerant from the condenser, and allows adiabatic expansion of the
refrigerant, thereby producing a cooled refrigerant. The cooled refrigerant is circulated to the

evaporator, as discussed below.
Evaporator and Evaporator Fan

{0055] In some embodiments, the refrigerator system includes one or more cooling units

that bouses one or more Svaporators and one or more evaporator fan.

{0056] Any evaporators typically found in standard refrigerators may be employed in the
systems of the present invention. In some variations, multiple evaporators are used. Inone

variation where multiple evaporators are used, the evaporators are serially arranged.

{06571 Any evaporator fans typically found in standard refrigerators may be employed in

the systems of the present invention. In some variations, muitiple evaporator fans are used.

12
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In one variation where multiple evaporator fans are used, the evaporator fans are serially

arranged.

{0058] In some embodiments, when the systera is in the cooling mode, the evaporator
receives the cooled refrigerant, and evaporator fan belps to cool the refrigerator system
interior. The refrigerant then re-enters the compressor, and the compression/expansion cycle

continues fo proceed untik the refrigerator reaches a threshold temperature.
Water Condensing Unit

{0059] In some embodiments, the refrigerator system further includes one or more water
condensing units that condenses the steam that is produced during the water production

mode, and directed m into the water tank.

{6060] In certain embodiments, the water condensing unit has any suitable shape for
maximizing water condenstion. For instance, in some variations, the water condensing unit
may be shaped into a downward spiral to enhance thermal equilibrium with the inside of the
refrigerator system. In certain variations, the water condensing unit may also be equipped

with heat-exchange structures, such as fins, spikes, or other types of protuberances.
Water Tank

{0061] In some embodiments, the refrigerator system further includes one or more water
tanks that hold the liquid water that condenses in the system. In some variations, the liquid
water stored in the water tank is dispensed as drinking water. In other variations, the hiquid
water stored in the water tank is dispensed as ice cubes produced from the liquid water in the

water tank.

{0062] In certain embodiments where water in the refrigerator is supplied from an
external water supply in combination with the atmosphberic water harvesting unit, the liquid
water produced from the atmospheric water harvesting unit foeds into the same water tank

connected to the external water supply.
Conitrol System

{0063] In some embodiments, the systems include a control system that monitors and

controls the cycling among the various modes of the system, including standby mode,

13
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moisture collection mode, water production mode, and cooling mode. With respect to
atrnospheric water harvesting, the control system moonitors and controls adsorption,
desorption and condensation. In some variations, the control system inclades at least one

Processor unit and sensors.

{0064] In some variations, the processor unit controls and shifts the system into the
various modes and process steps. In certain variations, the control systen: can adjust run

conditions based on readings of the refrigerator system interior and/or the environment.

{6065] I some variations, the sensors of the control system inchide one or more hamidity
Sensors, one Or more teraperature sensors, and one or more water volume sensors. In certain
variations, the humidity sensor is positioned within the atmospheric water harvesting unit,
and detect moisture saturation of the water capture material. When the moisture saturation
level is detected by the humidity sensor to exceed a threshold moisture saturation level, the
system shifts to the water production mode. In certain variations, the temperature sensor
detect temperature of the refrigerator system interior. When the teroperature of the
refrigerator syster interior is detected by the temperature sensor to exceed a threshold
temperature, the system shifis to the cooling mode. In certain variations, the water volume
sensor is integrated with the water tank. When the water level in the water tank drops is
detected by the water volurae sensor to drop below a threshold water level, the system shifts
to the moisture collection mode. When the teraperature of the refrigerator system interior is
detected by the temperature sensor to drop below a threshold temperature, and the water level
in the water tank is detected by the water volume sensor to exceed a threshold water level, the

system shifts to standby mode.
Power Sources

{066] In some variations, the refrigerator systems provided herein further include one or
more solar power source(s). In certain variations, the systems further include photovoltaic
(PV) cells or passive solar captors, or a combination thereof. In other variations, the

cxemplary systems provided hercin may be partially or fully powered by electricity.

14
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CLAIMS

What is claimed is:

1. A refrigerator system, configured to cycle through a moisture collection mode, a water
production mode, and a cooling mode, wherein the system comprises:

an atmospheric water harvesting unit, comprising:

a plurality of plates, wherein each plate is independently coated on one or both
sides with water capture material, and wherein the water capture material
adsorbs moisture from surrcunding air in the moisture collection mode, and
desorbs water in the form of water vapor in the water production mode; and

a condenser;

a compressor, configured to produce heated refrigerant, wherein the heated refrigerant is
circulated to the condenser and heats up at least a portion of the plates, thereby causing
desorption of water from at least a portion of the moisture sequestered in the water capture
material in the water production mode;

an expansion valve, configured to receive the refrigerant from the condenser, and allow
adiabatic expansion of the refrigerant to produce a cooled refrigerant, wherein the cooled
refrigerant cools the interior of the system in the cooling mode;

a water condensing unit, configured to condense the desorbed water vapor into liquid
water in the water production mode;

a water tank, configured to store the hiquid water; and

a control system configured to shift the system from one mode to another.

2. A refrigerator system, configured to cycle through a moisture collection mode, a water

production mode, a cooling mode, and a standby mode, wherein the system comprises:
an atmnospheric water harvesting unit, comprising:
a plurality of plates, wherein each plate is independently coated on one or both
sides with water capture roaterial, wherein the plates are arranged parallel to
each other and a gap exists between adjacent plates, and wherein the water

capture material adsorbs moisture from surrounding air during the moisture

f—y
W
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collection mode, and desorbs water in the form of water vapor during the
water production mode;
an air inlet, configured to bring surrounding air into the atmospheric water
harvesting unit;
a condenser, positioned in proximity to the plurality of plates;
a condenser fan, positioned in between the air inlet and the plarality of plates;
an exhaust vaive; and
a stearn valve;
a cooling unit, comprising:
an evaporator; and
an evaporator fan;
a water condensing unit;
a water tank;
4 COMPTessor;
an expansion valve, connected to the evaporator and the condenser;
a control system, comjrising:
a humidity sensor, configured to detect moisture saturation of the water capture
material;
a temperature sensor, configured to detect temperature of the refrigerator system
interior;

a water volume sensor, configured to detect water level in the water tank;

wherein, in the moisture collection mode,

the compressor is off,

the steam valve is closed,

the exhaust valve is open, and

the condenser fan is configured to draw surrounding air into the atmospheric water
harvesting unit through the air inlet and blow the surrounding air through the gap between
adjacent plates, thereby causing the water capture material to adsorb moistare from the

surrounding air;
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wherein, in the water production mode,

the steam valve is open,

the exhaust valve is closed,

the compressor is on and configured to compress refrigerant, thereby producing a heated
refrigerant,

the condenser is configared to receive the heated refrigerant from the compressor and
heat up at least a portion of the plates, thereby causing desorption of at least a portion of
moistare sequestered in the water capture material, and

the condenser fan is configured to push desorbed water vapor through the steam valve
into the water condensing unit, wherein the water vapor condenses into liguid water that is

stored in the water tank;

wherein, in the cooling mode,

the stearn valve 18 closed,

the exhaust valve is open,

the compressor remains on,

the expansion valve is configured to receive the refrigerant from the condenser, and allow
adiabatic expansion of the refrigerant, thereby producing a cooled refrigerant,

the evaporator is configured to receive the cooled refrigerant, and

the evaporator fan is configured to cool the interior of the system, and

wherein the compressor and the expansion valve are configured to
compress/expand the refrigerant in one or more continuous cycles until the

refrigerator system interior exceeds a threshold temperature;

wherein, in the standby mode,
the steam valve is closed,
the exhaust valve is open,
the compressor is off, and

the condenser fan is off; and
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wherein the control system is configured to shift the system to:

the moisture collection mode when the water level in the water tank drops is detected by
the water vohurne sensor to drop below a threshold water level;

the water production mode when the moisture saturation level is detected by the humaidity
sensor to exceed a threshold moisture saturation level;

the cooling rnode when the teroperature of the refrigerator systern interior is detected by
the temperature sensor to exceed a threshold temperatore; and

the standby mode when the temperature of the refrigerator system interior is detected by
the temperature sensor to drop below a threshold teraperature, and the water level in the water

tank 1s detected by the water volume sensor to exceed a threshold water level.

3. The system of claim | or 2, wherein the water capture material comprises metal orgauic

framework.

4. The system of claim | or 2, wherein the water capture material comprises a desiccant

material,

5. The system of any one of claims 1 to 4, wherein each plate in the atmospheric water

harvesting unit is a metal plate.
6. The system of claim 5, wherein the metal plate comprises aluminum.

7. The system of any one of claims | to 6, wherein each coating of water capture material

on a cooling fin has an average thickness between 50 micrometers to 500 micrometers.

&. The system of any one of claims | to 7, wherein each plate has a surface textured with

topographic features.

9. The system of claim 8, wherein the topographic features are holes, bumps, ridges, or

grooves, or any combination thereof.

10. The system of any one of claims 2 to 9, wherein the distance of the gap between adjacent
plates relative to the length of each plate achieves optimnal air flow and maximizes water

adsorption.
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11. The system of any one of claims 1 to 10, wherein both sides of each plate is coated with

the at least one water capture material.

12. The system of claim 11, wherein each layer has a thickness and each plate has a
thickness, and wherein the ratio of the thickness of the first layer to the thickness of the plate to
the thickness of the second layer optimizes desorption of water and energy used to heat the

plurality of the plates in the chamber.

13. The system of any one of claims 2 to 12, wherein the condenser fan is configured to blow

air having a laminar flow through the gap between adjacent plates.

14. The system of any one of claims 2 to 13, wherein the compressor is configured to

compress and heat the refrigerant to a temperature of at least 50°C.
15. The system of claim 14, wherein the temperature is between 60°C and 70°C.

16. The system of any one of claims 1 to 15, the system is configured to (i} dispense the
liquid water in the water tank as drinking water; or (ii) dispense ice cubes produced from the

liguid water in the water tank, or a combination of (i) and (ii).

17 A method of operating a refrigerator system, wherein the system sources water from an
atmospheric water harvesting unit by atmospheric water harvesting, wherein the system
comprises:

an atmospheric water harvesting unit, comprising: a plurality of plates, wherein each
plate is independently coated on one or both sides with water capture material; and a condenser;

a cooling unit;

a water condensing unit;

a water tank;

a compressor; and

an expansion valve,

the method comprising:

a) directing surrounding air into the atmospheric water harvesting unit, wherein at

least a portion of the water capture material adsorbs moisture from the surrounding air;
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b) compressing refrigerant in the compressor to produce a heated refrigerant;
<) heating at least a portion of the plates as the condenser cools heated refrigerant

received from the compressor, wherein at least a portion of moisture sequestered in the water
capture material is desorbed in the form of water vapor;
d) condensing the desorbed water vapor in the water condensing unit to produce

liguid water;

e) storing the liquid water in the water tank;
f) adiabatically expanding the refrigerant received from the condenser in the

expansion valve to produce cooled refrigerant; and
2 cooling the refrigerator system interior as the cooling unit receives cooled

refrigerant from the expansion valve,

wherein step (a) is performed when the system is in moistare collection mode;
wherein steps (b) and {d) are performed when the system is in water collection mode;

wherein steps () and (g) are performed when the system is in cooling mode.

18. A method of operating a refrigerator system, wherein the system sources water from an
atmospheric water harvesting unit by atrnospheric water harvesting, wherein the system
COTIPTISes:

an atmospheric water harvesting unit, comprising: a plurality of plates, wherein each
plate is independently coated on one or both sides with water captore material; and a condenser;

a cooling unit;

a water condensing unit;

a water tank;

a compressor; and

ar expzmsiﬂn vaiv&,

the method comprising:

a) directing surrounding air into the atmospheric water harvesting unit, wherein at least a

portion of the water capture material adsorbs water from the surrounding air;

20
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b) shifting the system from moisture collection mode to water production mode when the
moisture sataration level of the water capture material in the atmospheric water harvesting unit
exceeds a threshold moisture saturation level;

c) compressing refrigerant to produce a heated refrigerant in the water production mode;
d) cooling the heated refrigerant to room temperature in the condenser in the water
production mode, thereby heating ap at least a portion of the plates and causing desorption of at
ieast a portion of water sequestered in the water capture material;

e) transferring the desorbed water vapor into the water condensing unit in the water

production mode;

) condensing the desorbed water vapor into liguid water in the water production mode;
) storing the liguid water in the water tank;
h) shifting the system from water production mode to cooling mode when the temperature

of the refrigerator system interior exceeds a threshold temperature;

1) adiabatically expanding the refrigerant received from the condenser using an expansion
valve in the cooling mode, thereby producing a cooled refrigerant;

k)] cirenlating the cooled refrigerant to an evaporator in the cooling mode;

k) cooling the refrigerator system interior using an evaporator fan positioned near the
evaporator in the cooling mode; and

I compressing and expanding the refrigerant through one or more continuous cycles in the

cooling mode.

19. The method of claim 18, further comprising: shifting the system to standby mode when
the terperature of the refrigerator system interior drops below a threshold temyperature, and the

water level in the water tank exceeds a threshold water level.

20. The ruethod of any one of claims 17 to 19, further comprising: (i) dispensing the liquid
water in the water tank as drinking water; or (ii) dispensing ice cubes produced from the Hauid

water in the water tank, or a combination of (1) and (i1).

21. The method of any one of claims 17 to 20, wherein the atroospheric water harvesting unit
further comprises a steam valve and an exhaust valve, the method further comprising:

closing the steamn valve and opening the exhaust valve in the moisture collection mode;
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opening the steam valve and closing the exhaust valve in the water production mode; and

closing the steam valve and opening the exhaust valve in the cooling mode.

22. The method of any one of claims 17 to 21, wherein the system further comprises a
control system, wherein the control system comprises: a humidity sensor, a temperature sensor,

and a water volume sensor,

the method farther comprising:

detecting the moisture saturation level of the water capture material in the atmospheric
water harvesting unit using the humidity sensor;

detecting the temperature of the refrigerator system interior using the temperature sensor;
and

detecting the water level in the water tank using the water volume sensor.

23. The method of any one of claims 17 to 22, wherein the water capture material comprises

metal organic framework.

24. The method of any one of claims 17 to 22, wherein the water capture material comprises

a desiccant material.

25. The method of any one of claims 17 to 24, wherein each plate in the atmospheric water

harvesting unit is a metal plate.
26. The method of claim 25, wherein the metal plate comprises aluminum.

27. The rethod of any one of claims 17 to 26, wherein both sides of each plate is coated with

the at least one water captare material.
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