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TITLE
SYSTEMS AND METHODS FOR GEOTHERMAL FOOD DEHYDRATION
BACKGROUND

[0001] Currently, dehydration methods include sun drying, air-drying, solar drying, oven
drying, and electric dehydrators. Similarly, to other preservation methods, dehydration requires
energy. Typically, food dehydration works via a process wherein heat 1s added to food products
by hot air, which is also responsible for removing/carrying the moisture away from the food
products. The process of food dehydration involves simultaneous transfer of mass and heat within
the food products and the medium used to transfer energy to the food products.

[0002] Current processes for dehydration involve the use of gas or electricity to produce
the energy and heat necessary for food products to release their humidity. These processes
negatively impact the environment because they generate harmful emissions. As such, new
processes are needed, which can minimize the negative impacts to the environment.

[0003] The systems and methods for geothermal food dehydration described herein utilize
wasted heat product from geothermal syphoning electricity generation and sea water desalination
processes, and therefore provide the benefit of low costs and low energy expenditure. Benefits of
the systems described herein include: harnessing heating energy from natural geothermal energy,
use of renewable energy resources, reduction of food waste by extending food life span, reduction
of the CO» footprint, fighting against climate change, reduction of CO, emission and diminishing
pollution, and reduction of energy costs.

[0004] The geothermal dehydration systems described herein promote efficiency as there
is little to zero carbon emission, power consumption is minimal when compared to the gas
combustion or electric food drying system, and there is no adverse impact on the environment.

[0005] Wellbores are often provided with separate multiple flow channels for moving
fluids into and out of subsurface reservoirs. For example, a single injection well may be required
to provide injection fluids to two or more layers in a reservoir in which case two separate flow
channels are required. In other arrangements, a single wellbore may be used to provide both a
means for producing fluid from a reservoir and also provide a supply and return conduit for
supplying a working fluid to a subsurface device. One way of separating the flow channels is to

use separate tubing strings in parallel and placed into a single wellbore. While these arrangements
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are useful for shallow wells having low flow rates, they are impractical for wells having higher
flow rates or deep wells where pressure drops caused by the required narrow tubing strings are

unacceptable.

[0006] Geothermal power is at least an order of magnitude greater than all fossil fuels
combined. A problem with geothermal power is the difficulty of creating a sufficient flow of hot
water, from an injection well through the rock structure, then out of a production well. Because
the heat transfer coefficient of rock formations is generally low, the water must be forced through
a series of small cracks in a fractured zone to maximize the surface area from which the requisite
heat can be drawn. Closed-loop systems can be used in ground-source heat pump geothermal
applications. Typically, either a vertical well is drilled and pipes run down the bore, or a system
of coils is laid in a horizontal arrangement, and embedded into an excavation near a building to

which the heat is to be supplied.
SUMMARY

[0007] The present disclosure relates to systems and methods for geothermal food
dehydration utilizing the sea water thermal syphoning energy system, the enhanced thermal
syphoning system or the single or multi well geothermal syphoning systems as described in
International Application ~ Numbers PCT/AU2021/050743, PCT/AU2022/050078,
PCT/AU2022/050079, PCT/AU2022/050864 or Australian provisional application no
2023900697, the entirety of which are incorporated by reference herein.

[0008] The present disclosure relates to an enhanced thermal syphoning system. In some
embodiments the system uses a plurality of open configuration wells. In some embodiments the
system uses a combination of open and closed configuration wells. An open configuration well is
one where the fluid traveling into and out of the well can be exposed to the surrounding geology
and may be contaminated, in a positive or negative manner by the minerals and salts in the
surrounding geometry. A closed configuration well is one where the fluid or alternative fluid
medium travelling into and out of the well is sealed and not exposed to the surrounding geology.
The closed well can deliver thermal energy draw from the hot geology at the bottom of the well;
however, the fluid or alternative heat transfer medium within the closed well remains

uncontaminated from the hot geology at the bottom of the well.
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[0009] In a first aspect, the invention provides an enhanced thermal syphoning system,
comprising a first well and a second well extending though a permeable geological layer, each
well having: an inlet channel to introduce a fluid into the well and an inlet valve to control an inlet
fluid flow rate into the inlet channel; an outlet channel to draw geologically heated fluid from the
well and an outlet valve to control an outlet fluid flow rate from the outlet channel; and an opening
in the inlet channel adjacent the permeable geological layer wherein fluid in the inlet channel of
the first well and the inlet channel of the second well is communicated therebetween via the
permeable geological layer, the fluid entering and exiting the inlet channels through the openings
therein, such that each inlet and each outlet valve can be adjusted to vary a flow volume of the
fluid between the first well and the second well to thereby control a temperature of the heated fluid

drawn from each well.

[0010] In some embodiments, the system may further comprise at least one supplementary
well located between the first and the second well, the supplementary well comprising: an inlet
channel to introduce fluid into the supplementary well and an inlet valve to control an inlet fluid
flow rate into the inlet channel; an outlet channel to draw geologically heated fluid from the
supplementary well and an outlet valve to control an outlet fluid flow rate from the outlet channel;
and an opening in the inlet channel, wherein the opening in the inlet channel of the
supplementary well is located in the permeable geological layer and configured to receive a portion

of the fluid communicated between the first well and the second well

[0011] In some embodiments, the system may further comprise at least one
supplementary well located between the first and the second well, the supplementary well
comprising: a sealed inlet channel to introduce a fluid medium into the supplementary well and
an inlet valve to control an inlet fluid medium flow rate into the inlet channel; an outlet channel
to draw geologically heated fluid medium from the supplementary well and an outlet valve to
control an outlet fluid medium flow rate from the outlet channel, wherein a portion of the inlet
channel of the supplementary well is located in the permeable geological layer such that the
heated fluid communicated between the first well and the second well flows across the portion of
the inlet channel to dissipate heat to the fluid medium therein.

[0012] The inlet channel of each well may be at least partially bounded by a casing. The
inlet channel of each well may be at least partially bounded by a geological wall of the well. The

inlet channel of each well may be supported at a surface of each respective well. The inlet channel
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of each well may comprise a plurality of concentric nested casings, each subsequent casing
extending further into the respective well. The inlet channel of each well may be longer than the
outlet channel of each well to thereby form a gap toward a base of each well. The opening of
each inlet channel may be configured as a permeable portion of the casing.

[0013] The outlet channel of each well may be cylindrical and co-axially located within
the casing or geological wall of the inlet channel of the respective well. Each outlet channel may
comprise an intake screen that filters the fluid flow from the permeable geological layer before
the fluid enters each of the respective outlet channels.

[0014] In some embodiments, the system may comprise between three and ten wells, the
wells arranged in series. In some embodiments, the system may comprise between three and ten
wells, the wells arranged in formation about a central well.

[0015] In a second aspect, the invention provides an enhanced thermal syphoning system,
having a first well and a second well extending though a permeable geological layer, the first well
comprising: a first inlet channel to introduce fluid into the well and a first inlet valve to control a
first inlet fluid flow rate into the first inlet channel; a second inlet channel sealed to the surrounding
geology to introduce a fluid medium into the first well and a second inlet valve to control a second
inlet fluid medium flow rate into the second inlet channel, an outlet channel sealed to the
surrounding geometry, configured to draw the geologically heated fluid medium from the second
inlet channel and an outlet valve to control an outlet fluid medium flow rate, such that the second
inlet channel and the outlet channel create a closed heating loop within the first well; and an
opening in the first inlet channel adjacent the permeable geological layer; and the second well
comprising: a first inlet channel to introduce fluid into the second well and a first inlet valve to
control a first inlet fluid flow rate into the first inlet channel; an outlet channel to draw geologically
heated fluid from the second well and an outlet valve to control an outlet fluid flow rate from the
outlet channel; and an opening in the first inlet channel adjacent the permeable geological layer;
wherein the fluid in the first inlet channel of each of the first well and the second well is
communicated therebetween via the permeable geological layer, the fluid entering and exiting the
first inlet channels through the openings therein, such that each first inlet valve and each outlet
valve can be adjusted to vary a flow volume of the fluid between the first well and the second well

to thereby control a temperature of the heated fluid drawn from each well.
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[0016] The second inlet channel of the first well may be coaxially located within the first
inlet channel of the first well. The outlet channel of the first well may be coaxially located within
the second inlet channel of the first well.

[0017] The heated fluid communicated between the first well and the second well may
enters the first inlet channel of the first well via the opening therein, heating the fluid medium
within the second inlet channel and dissipating thermal energy to the closed heating loop.

[0018] In a third aspect, the invention provides an enhanced thermal syphoning system,
comprising: a first well extending through a permeable geological layer. The first well includes a
first pipe inlet configured to receive a fluid at a first inlet mass flow rate and a first inlet
temperature. A first pipe outlet is configured to expel the fluid at a first outlet mass flow rate and
a first outlet temperature. A first outer wall with at least a portion of the outer wall is defined by
the permeable geological layer. The first outer wall defines a first channel between the first outer
wall and a first inner casing positioned internal of the first outer wall. The first channel is in fluid
communication with the first pipe inlet to receive the fluid. The first outer wall is configured to
heat the fluid as the fluid travels axially through the first channel. A portion of the fluid permeates
through the first outer wall into the permeable geological layer towards a downstream well. The
first inner casing defines a second channel therein. The second channel is in fluid communication
with the first channel of the first outer wall to receive the heated the fluid. The first pipe outlet to
transmit the heated fluid through the first pipe outlet. A second well extends through a permeable
geological layer. The second well includes a second pipe inlet configured to receive a fluid at a
second inlet mass flow rate and a second inlet temperature. A second pipe outlet is configured to
expel the fluid at a second outlet mass flow rate and a second outlet temperature. A second outer
wall includes at least a portion of the outer wall defined by the permeable geological layer. The
second outer wall defining a third channel between the second outer wall and a second inner casing
positioned internal of the second outer wall. The third channel is in fluid communication with the
second pipe inlet to receive the fluid. The second outer wall is configured to heat the fluid as the
fluid travels axially through the third channel. A portion of the fluid permeates through the second
outer wall from the permeable geological layer. The second inner casing defines a fourth channel
therein. The fourth channel is in fluid communication with the third channel of the second outer
wall to receive the heated the fluid and the second pipe outlet to transmit the heated fluid through

the second pipe outlet.
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[0019] In some embodiments, the first inlet mass flow rate may be greater than the first
outlet mass flow rate and wherein the first outlet temperature is greater than the first inlet
temperature; and wherein the second outlet mass flow rate is greater than the second inlet mass
flow rate and wherein the second outlet temperature is greater than the second inlet temperature.

[0020] In some embodiments, the system may further comprise an open third well
positioned between the first well and the second well, the extending through the permeable
geological layer, the third well comprising; a third pipe inlet configured to receive a third fluid at
a third inlet mass flow rate and a third inlet temperature; a third pipe outlet configured to expel
the third fluid at a third outlet mass flow rate and a third outlet temperature; a third outer wall, at
least a portion of the third outer wall defined by the permeable geological layer, the third outer
wall defining a fifth channel between the third outer wall and a third inner casing positioned
internal of the third outer wall, the fifth channel in fluid communication with the third pipe inlet
to receive the third fluid, the third outer wall configured to heat the third fluid as the third fluid
travels axially through the fifth channel, wherein external first fluid from the first well permeates
through the second outer wall from the permeable geological layer, and wherein a portion of the
third fluid permeates through the third outer wall into the permeable geological layer towards the
second well; and the third inner casing defining a sixth channel therein, the sixth channel in
fluid communication with the fifth channel of the third outer wall to receive the heated third fluid
and in fluid communication with the third pipe outlet to transmit the heated third fluid through
the third pipe outlet.

[0021] In some embodiments, the system may further comprise a closed third well
positioned between the first well and the second well, the third well comprising: a third pipe inlet
configured to receive a third fluid at a third inlet mass flow rate and a third inlet temperature; a
third pipe outlet configured to expel the third fluid at a third outlet mass flow rate and a third
outlet temperature; a third outer casing, an external portion of the third outer casing positioned
within the permeable geological layer, the third outer casing defining a fifth channel between the
third outer casing and a third inner casing positioned internal of the third outer casing, the fifth
channel in fluid communication with the third pipe inlet to receive the third fluid, the third outer
casing configured to heat the third fluid as the third fluid travels axially through the fifth channel,
wherein external first fluid from the first well travels around the external portion of the third outer

casing positioned within the permeable geological layer toward the second well, wherein the first
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fluid heats the external portion of the third outer casing thereby heating the third fluid flowing
through the fifth channel along an interior side of the external portion; the third inner casing
defining a sixth channel therein, the sixth channel in fluid communication with the fifth channel
of the third outer casing to receive the heated third fluid and in fluid communication with the third
pipe outlet to transmit the heated third fluid through the third pipe outlet.

[0022] In some embodiments, the first inlet mass flow rate may be greater than the first
outlet mass flow rate. The first outlet temperature may be greater than the first inlet temperature.
The second outlet mass flow rate may be greater than the second inlet mass flow rate. The second
outlet temperature may greater than the second inlet temperature. The third inlet mass flow rate
may be substantially equal to the third outlet mass flow rate. The third outlet temperature may
be greater than the third inlet temperature.

[0023] In some embodiments of the system, the fluid may be water. In some embodiments
of the system, the fluid may be distilled water. In some embodiments of the system, the fluid
medium may be distilled water.

[0024] In other embodiments, a food dehydration system is described. The food
dehydration system comprises a geothermal syphoning system, a line, and an enclosure. In some
embodiments, as described herein, the geothermal syphoning system comprises: a first well and
a second well extending though a permeable geological layer, each well having: an inlet channel
to introduce a fluid into the well and an inlet valve to control an inlet fluid flow rate into the inlet
channel; an outlet channel to draw geologically heated fluid from the well and an outlet valve to
control an outlet fluid flow rate from the outlet channel; and an opening in the inlet channel
adjacent the permeable geological layer wherein fluid in the inlet channel of the first well and the
inlet channel of the second well is communicated therebetween via the permeable geological
layer, the fluid entering and exiting the inlet channels through the openings therein, such that each
inlet and each outlet valve can be adjusted to vary a flow volume of the fluid between the first
well and the second well to thereby control a temperature of the heated fluid drawn from each
well.

[0025] In some embodiments, the line includes two opposing ends, wherein one opposing
end of the line is configured to attach to a pipe outlet, and the other opposing end of the line is

configured to attach to the enclosure. The enclosure comprises one or more trays configured to
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hold items. The items can be food products. Food products can include, but are not limited to,
fruits, vegetables, fish, and/or meats.

[0026] The outlet channel is configured to provide the heated fluid to the pipe outlet. The
heated fluid travels through the outlet channel and out the pipe outlet. In other embodiments, the
systems can further comprise a heat exchanger. The heat exchanger can be a shell and tube or
plate type.

[0027] In some embodiments, the systems further comprise a blower fan. The blower fan
can be located behind and/or adjacent to the heat exchanger. The blower fan blows air onto the
heat exchanger. While the heated fluid from the thermal syphoning systems is flowing into the
heat exchanger from the line, the blowing air extracts the heat from the heated fluid. That heated
air is used to power the enclosure and promote the drying of the food products located in the
enclosure. The heated air provides for the removed moisture from the food products in the
enclosure. After heat is extracted from the heated fluid, the resulting fluid can flow out of a second
line, which can be configured to lead to a reservoir and/or storage tank to be pumped/injected
back into the thermal syphoning systems described herein.

[0028] Also described herein, are methods for food dehydration utilizing the geothermal
syphoning systems described herein. The method comprises drawing heated fluid from a
geothermal syphoning system to a line connected to an enclosure comprising a heat exchanger;
blowing air from a blower fan onto the heat exchanger wherein the blown air extracts heat from
the heated fluid thereby heating the enclosure; and heating the enclosure thereby removing
moisture from items included in the enclosure. The enclosure can be a housing. In some
embodiments, the housing can be a box. The housing can be any shape, such as but not limited
to, a rectangle, a square, or any polygonal shape. The housing can further comprise one or more
trays configured to hold the items. The items can be a variety of fruits. The items can be a variety
of vegetables.

[0029] In some embodiments, the items are of one kind/type of fruit. In other
embodiments, the items are of one kind/type of vegetable. The heated fluid enters the line at a
temperature of about 180 °C. In some embodiments, the heated fluid enters the line at a
temperature of between about 250 °C to about 180 °C. The heated air has a temperature of about
140 °C. In some embodiments, the heated fluid enters the line at a temperature of between about

180 °C to about 140 °C.
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[0030] The methods and systems described herein can be utilized for processes including,
but not limited to, food dehydration and freeze drying.

[0031] Various features, aspects, and advantages of the invention will become more
apparent from the following description of embodiments of the invention, along with the
accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0032] Exemplary embodiments of the invention are described below by way of example
only, and not by way of limitation. Referring now to the accompanying drawings in which like
numerals indicate like elements throughout the several figures:

[0033] FIG. 1 is a side view of a three well enhanced thermal syphoning energy system,

according to an example embodiment.

[0034] FIG. 2 is a side view of a four well enhanced thermal syphoning energy system,

according to another example embodiment.

[0035] FIG. 3 i1s a side view of a six well enhanced thermal syphoning energy system,

according to an example embodiment.

[0036] FIG. 4 is a side view of an open well for an enhanced thermal syphoning energy

system, according to an example embodiment.

[0037] FIG. 5 is a side view of a well head of the open well for the enhanced thermal
syphoning energy system of FIG. 4.

[0038] FIG. 6 is a cross-sectional side view of a nested closed well with a closed well and
an outer open well portion for an enhanced thermal syphoning energy system, according to another

example embodiment.

[0039] FIG. 7 is a side view of a well head of the nested closed well with the closed well

and the outer open well portion of FIG. 6.

[0040] Embodiments will now be described more fully hereinafter with reference to the
accompanying drawings, in which various embodiments, although not the only possible
embodiments, of the invention are shown. The invention may be embodied in many different

forms and should not be construed as being limited to the embodiments described below.



WO 2024/259487 PCT/AU2024/050646

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0041] Referring to the figures generally, a system and method for enhanced thermal
syphoning is described. The system can include a plurality of wells that generate water movement
along and around the outer casings of a portion of the wells in the plurality of wells to improve a
heating effect of the wells and control fluid flow through the wells. The plurality of wells can be
configured in a series of adjacent wells (e.g. a first, second, third, fourth, fifth, and last well) or in

a series of patterned or nested wells.

[0042] In some embodiments, the plurality of wells includes a first injection well having
outlets, an end well, and a plurality of wells therebetween. In some arrangements, the first well is
an open well configured to allow fluid to flow around the outer casings of a plurality of closed
loop wells (e.g. little to no access of the fluid flow to the external environment/outside of the
casing) towards and an end well, the end well having slotted inlets. In other arrangements, one or
more of the plurality of wells between the first and end well are open wells. In some embodiments,
the system is configured such that after ‘start-up’ pumping, there is little to no further requirement
for pumping (e.g. zero to negligible energy input or usage by the system to draw thermal energy
from the geology surrounding the well). Generally, an open well includes a portion of the well that
is open to the geology surrounding the well. In some embodiments, the open well configuration
includes a well having a slotted portion at the bottom of the outer casing of the well that is in-line
with permeable geology such that the fluid within the well can flow in and/or out of the well,
through the geology, and downstream to the next well in the series. In other embodiments, the
open well configuration can include an outer casing that ends around or terminates within the
permeable geology to allow fluid flow in and/or out of the well cavity, through the geology, and
downstream to the next well in series. For example, an open well could include a production casing
that 1s configured such that fluid (e.g. water) injected into the well comes into contact with walls
of the well defined by the geology and picks up minerals therefrom. The advantage in this
configuration is that the direct contact heats up the water more efficiently and can utilise a higher

flow rate.

[0043] Generally, a closed well includes a closed loop where the fluid medium therein does
not get exposed to the geology. In some embodiments the fluid medium can also be water. In

some embodiments the fluid medium can be selected for its heat transfer properties as the fluid
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medium will not contact or leach into the surrounding geology. In the closed well, external fluid
flow passes around an outer casing of the well to heat up the fluid medium flowing in the well,
which does not pass through the outer casing. In some embodiments, the closed well includes an
outer casing (12”7 to 13 3/8”) (304 mm to 399 mm) that is surrounding the production casing (e.g.
inner casing). This means that the fluid medium to be heated eg. water injected into the closed well
does not come into contact with the geology and remains fresh. This arrangement provides
advantages for both casing and component life but the water is not heated up as effectively as the

open well system.

[0044] The first, open well (e.g. the injection well) can be positioned among the plurality
of closed loop wells that has the best fluid communication (e.g. flow of fluid around the casings
of the closed wells). Further, the injection well is configured such that the outer casing is slotted
or otherwise perforated at the bottom in line with the permeable geology so that water can flow
out and through the geology. This fluid flow will pass by the closed loop wells of the system
towards the end well in the line of wells. The end well is configured to receive some of the fluid
flow into the casing of the end well and can be similarly slotted and/or screened to receive the flow
of fluid. As will be appreciated, the water quality from the closed loop wells positioned between
the injection well and the end well will remain clean and fresh. The water coming from the end
well will be contaminated by the geology and will most likely contain salt.

[0045] In some embodiments, to ensure minimal fluid losses into the geology, an
improved communication between the second well and the first well can be drilled and formed
such that a high pressure flow from the second well will flow towards the least line of resistance,
which 1s towards the first drilled well. When a third well is drilled, communication can be created
or improved back to the second well and so on. This creates a closed circuit from the first well to
the last well.

[0046] In some embodiments, the injection well can be a producing well (a well were
heated fluid can be drawn), similar to the closed loop wells. In some embodiments, instead of
injecting 30 Kg per second as done in the closed loop wells, the injection well may be injected at
S0kg per second into an annulus of the injection well. For example, by restricting the flow out of
the production casing at the wellhead of the injection well (first well) to 30 KG/second, then 20
kg/second would be forced into the permeable geology. This forces fluid through the geology to

improve the heat transfer to the fluid. The plurality of closed loop wells contain distilled water
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circulating inside the casing and the injection well and end wells include distilled water with
geological contaminates present.

[0047] In some embodiments, the end well can be configured to direct flow into a binary
power system. Alternatively, the flow can be blended with the total volume of water flowing from
the other wells. This would cause a slight contamination of the hot water which would be unlikely
to damage a power generator. A small cleaning system can be installed to continuously clean a
portion of the total volume of water and as the wells flow for several years, the system can be
naturally cleaned up. In some embodiments, the system is a concentric well system.

[0048] In one particular embodiment of the enhanced thermal syphoning system, the
system is a six well system, with injection flow rates (flow rate into the system) being: Well 1 —
S0kg/s, Well 2 — 30kg/s, Well 3 - 30kg/s, Well 4 - 30kg/s, Well 5 - 30kg/s, Well 6 - 10kg/s with
the total injected being 180kg/second. Accordingly, in this embodiment, the production flow rate
(flow rate out of the system) can be: Well 1 — 30kg/s, Well 2 - 30kg/s, Well 4 — 30kg/s, Well 5
30kg/s and Well 6 —30kg/s. Total production flow rate of the embodiment can result in a flow rate
180kg/second and 116 MW of thermal energy or 24MW of electricity.

[0049] As described in greater detail below, in some arrangements of the enhanced
thermal syphoning system, using a 300-degree Celsius or hotter bottom hole geology temperature,
the natural flow rate out of a 6.3” insulated production casing at the surface is 30 kg per second at
a velocity of 2 meters per second. While the system 100 will experience heat loss on the journey
up the well, the outlet temperature will typically be only about 5% less than the water temperature

at the bottom of the well.

[0050] In other embodiments, drilling and positioning the well(s) at a slightly deeper
depth to reach a bottom hole geology temperature of 400-degree Celsius (e.g. about 8,500m), the
pressure of the hot water at the surface is 70 BAR or greater. If the flow rate is not restricted, the
outlet temperature will be around 200-degree Celsius (19.35MW of thermal energy). In some
embodiments, if the flow is restricted in the outlet flow to 20 KG per second, the temperature
would be 250-degree Celsius (17.2 MW of thermal energy) and if the flow is restricted to 10KG
per second, the temperature will be 300-degree Celsius (10.75MW of thermal energy). A drop in
flow can be responsible for a drop in thermal energy. However, a temperature drop can also occur

when the flow is increased because the fluid does not have time to heat up on its journey to the
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bottom of the well. As such, there is an optimum flow rate, where the flow is not so low, as to
decrease the thermal energy output: an optimum flow rate is between 20 and 30KG per second.
[0051] Referring to FIG. 1, an enhanced thermal syphoning system 100 is shown. The
enhanced thermal syphoning system 100 includes a three well arrangement with a first well 110,
a second well 130, and a third well 150 positioned in series. Each of the first well 110, the second
well 130, and the third well 150 are open wells such that the outer casing of each well is open to
the outside environment for a portion of the well. Generally, the first well 110 is configured to
allow a fluid flow 104 from an end of the first well 110 toward the second well 130 through the
permeable geological layer 80. The second well 130 is configured to allow the fluid flow 104 to
pass through and around the second well 130 to warm the fluid within the second well and mix
with fluid flow 106 moving towards the third well 150. The third well 150 includes a permeable

portion to its outer casing that is configured to receive the fluid flow 106.

[0052] The thermal syphoning effect is responsible for the movement of fluid in this
system once a pump system starts the fluid flow 104. In some embodiments, 50-degree Celsius
water (cooled after electricity and water production) is drawn down the wells where the water is
heated-up on its journey to the bottom of the well and then pushed to the surface as cooler water
enters the well. The fluid is increased in temperature and pressure on exposure to the heated
geology of the permeable geological layer, wherein the higher temperatures force the hot fluid (eg,

water) up the production casing to the surface of the well.

[0053] In some embodiments, the open well configuration includes each well having a
slotted portion or perforated portion 124,144,164 located towards a bottom of the well, in-line with
the permeable geology, such that the fluid can flow in and/or out of the well, through the geology,
and downstream to the next well in the series. In other embodiments, the open well configuration
includes an outer casing that ends around or terminates within the permeable geology to allow
fluid flow in and/or out of the well cavity, through the geology, and downstream to the next well

1n series.

[0054] Each well 110, 130, 150 in the enhanced thermal syphoning system 100 extends
from above ground through the layers towards a permeable layer 80. For example, each well 110,

130, 150 extends through fresh water reservoirs 10, sand stone 20, shale 30, Cenozoic layer 40,
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Jurassic 50 and lower Jurassic 60 layers, Triasic layer 70, through the Permian layer (e.g.,

permeable layer) 80 and terminates at a granite/bed rock layer 90.

[0055] In some embodiments, one or more of the wells terminate adjacent to or upon
entering a substantially non-permeable granite, bed rock layer 90. The fresh water reservoir layer
10 can extend, approximately 100 meters into the ground; the sand stone 20 can extend,
approximately 100 meters into (e.g., below) the ground; the shale 30 can begin at, approximately,
1500 meters into the ground; the Cenozoic layer 40 can begin at, approximately, 3000 meters into
the ground; the Jurassic layer 50 can begin at, approximately 4000 meters into the ground; the
lower Jurassic layer 60 can begin at, approximately, 6500 meters into the ground; the Triasic layer
70 can begin at, approximately, 7000 meters into the ground; the Permian layer (e.g., permeable
layer) 80 can begin at, approximately, 7500 meters into the ground; and the granite/bed rock layer
90 can begin at, approximately, 8800 meters into the ground. The depth of the wells 110, 130, 150
into the ground is dependent on the depth of the location of the desired permeable layer that allows

for the fluid to flow out of the first well 110 towards and past the other wells in the system 100.

[0056] In some embodiments, to ensure that there are no or minimal fluid losses into the
geology, the wells can be drilled to improve communication from the downstream well (e.g.
second well 130) back to the upstream well (e.g., first well 110). The high-pressure flow from the
second well will flow towards the least line of resistance (e.g., towards the first drilled well).
When a third well 150 is drilled, communication is configured and created or improved back to
the second well 130. Beneficially, the system 100 creates a closed circuit from the first well 110
to the last well 150. In some embodiments, a packer is implemented to seal up a section of the
well from say 6,000 meters to 6,500 meters where there might be a layer of permeable geology
between layers of hard non-permeable geology. Doing this will create increased fluid
communication in the lower and hotter permeable layers 80 than in the upper layers so that the

largest percentage of the horizontal flow of fluid is through the hotter geology.

[0057] The first well 110 includes a pipe inlet 112, a pipe outlet 114, a first channel 116
(e.g. inlet channel) and a second channel 118 (e.g outlet channel) disposed within (e.g.
concentrically with) the first channel 116. The first channel 116 receives fluid from the pipe inlet
112 and 1s defined between an outer wall 120 and an inner casing 122 (e.g. production casing)

where the outer wall can be formed from a man-made casing and/or defined by the geology of the
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well. The second channel 118 is defined by the inner casing 122 that is positioned within the outer
wall 120. The second channel 118 provides heated fluid to the pipe outlet 114. The well head can

include support members 190.

[0058] Expanding upon an outer portion of the first well 110, a series of nested outer
casings 170, 172, 174 extend downward from the well head and geological surface, toward the
open end of the first well 110. The casings 170, 172 are nested such that a third outer casing 174
can be positioned within a second outer casing 172 and a first outer casing 170, and the second
outer casing 172 is positioned within the first outer casing 170. In some embodiments, additional

or fewer casings can be positioned along the first well 110 in the nested arrangement.

[0059] The first outer casing 170 extends from the well head and geological surface inward
towards the well end (e.g. into the ground). In some embodiments, the first outer casing 170
extends axially into the ground to a depth of approximately 100 meters. The first outer casing 170
can have a diameter of 30 inches (762 mm). The second outer casing 172 is positioned within, and
can abut, the first outer casing 170 and extends from the well head and geological surface inward
towards the well end (e.g. into the ground) at a depth greater than the first outer casing 170. In
some embodiments, the second outer casing 172 extends axially into the ground to a depth of
approximately 1500 meters. The second outer casing 172 can have a diameter of 20 inches (508
mm). The third outer casing 174 is positioned within, and can abut, the second outer casing 172
and extends from the well head and geological surface inward towards the well end (e.g. into the
ground) at a depth greater than the second outer casing 172. In some embodiments, the third outer
casing 174 extends axially into the ground to a depth of approximately 3000 meters. The third

outer casing 174 can have a diameter of 16 inches (406 mm).

[0060] The outer wall 120 is positioned with the third outer casing 174 and extends past
the third outer casing 174 and defines a bottom of the first well 110. The outer wall 120 is defined
by the geological layers such that the fluid is permeable through a permeable portion 124 of the
outer wall 120 in the permeable geological layer 80. In some embodiments, the permeable portion
124 of the outer wall 120 is at a depth between 7,500 meters and 9,000 meters. In some
embodiments, the outer wall 120 extends axially into the ground to a depth of approximately 8,800

meters. The outer wall 120 may have a diameter of 14.5 inches (368 mm). The permeable portion
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124 of the outer wall 120 is configured to allow fluid flow 104 through the permeable layer 80

toward a downstream well, for example, the second well 130 and/or the third well 150.

[0061] The inner casing 122 is positioned within the outer wall 120 and is configured to
receive the fluid flow from the first channel 116 at an end of the inner casing 122. In some
embodiments, the end of the inner casing 122 includes an intake screen 128 and/or intake inlet that
receives the fluid flow from the first channel 116 to the second channel 118. The intake screen 128
and the end of the inner casing 122 are spaced from an end of the outer wall 120 end to define a
gap 126. The gap 126 is configured for expansion of the fluid. In some embodiments, the gap 126
has a distance between 30 and 50 meters. In some embodiments, the inner casing 122 has a
diameter between 5 (127 mm) and 7 inches (177 mm), for example, 6.3 inches (160 mm). In some

embodiments, the inner casing 122 is a vacuum insulated casing.

[0062] In one embodiment, the pipe inlet 112 of the first well 110 receives a fluid flow of
40 kg/sec (e.g. mass flow rate) at a temperature of 50-degrees Celsius that flows through the first
channel 116 towards the bottom of the well 110. The injection velocity through the first channel
116 may be 0.72 m/sec. The fluid is heated as it passes through the lower layers of geology. A
portion of the fluid can flow out of the permeable portion 124 of the outer wall 120 towards the
second well 130 along a path of the fluid flow 104 in the permeable layer 80. The fluid flow 104
can be 20 kg/sec from the first well 110 toward the second well 130. In some embodiments, fluid
from the surrounding geology can enter into the first channel 116 through the permeable portion
124 of the outer wall 120. The fluid enters and may expand within the gap 126 as it enters the
intake screen 128 of the inner casing 122 and into the second channel 118. The temperature of the
fluid may be approximately 390-degrees Celsius as the fluid travels through the gap 126 toward
the second channel 118. The fluid can flow out of the pipe outlet 114 at a fluid flow of 20 kg/sec
at a temperature of 260-degrees Celsius from the second channel 118. The first well 110 can

provide thermal energy between 15 and 20 MW, for example 18.92 MW.

[0063] The second well 130 includes a pipe inlet 132, a pipe outlet 134, a first channel 136
(e.g. inlet channel) and a second channel 138 (e.g outlet channel) disposed within (e.g.
concentrically with) the first channel 136. The first channel 136 receives fluid from the pipe inlet
132 and 1s defined between an outer wall 140 and an inner casing 142 (e.g. production casing)

where the outer wall 140 can be formed from a man-made casing and/or defined by the geology
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of the well. The second channel 138 is defined by the inner casing 142 that is positioned within
the outer wall 140. The second channel 138 provides fluid that has been heated to the pipe outlet
134. The well head can include support members 192.

[0064] Expanding upon an outer portion of the second well 130, a nested outer casing
extends downward from the well head and geological surface toward the open end of the second
well 130. The nested outer casing comprises a first outer casing 180 and a second outer casing 182.
The casings 180,182 are nested such that a third outer casing 184 is positioned within the second
outer casing 182 and the first outer casing 180, and the second outer casing 182 is positioned within
the first outer casing 180. In some embodiments, additional or fewer casings can be positioned

along the second well 130 in the nested arrangement.

[0065] The first outer casing 180 extends from the well head and geological surface inward
towards the well end (e.g. into the ground). In some embodiments, the first outer casing 180
extends axially into the ground to a depth of approximately 100 meters. The first outer casing 180
can have a diameter of 30 inches (762 mm). The second outer casing 182 is positioned within, and
can abut, the first outer casing 180 and extends from the well head and geological surface inward
towards the well end (e.g. into the ground) at a depth greater than the first outer casing 180. In
some embodiments, the second outer casing 182 extends axially into the ground to a depth of
approximately 1500 meters. The second outer casing 182 can have a diameter of 20 inches (508
mm). The third outer casing 184 is positioned within, and can abut, the second outer casing 182
and extends from the well head and geological surface inward towards the well end (e.g. into the
ground) at a depth greater than the second outer casing 182. In some embodiments, the third outer
casing 184 extends axially into the ground to a depth of approximately 3000 meters. The third

outer casing 184 may have a diameter of 16 inches (406 mm).

[0066] The outer wall 140 is positioned with the third outer casing 184 and extends past
the third outer casing 184 and defines a bottom of the second well 130. The outer wall 140 can be
defined solely by the geological layers such that the fluid is permeable through a permeable portion
144 of the outer wall 140 in the permeable geological layer 80. In some embodiments, the
permeable portion 144 of the outer wall 140 is at a depth between 7,500 meters and 9,000 meters.
In some embodiments, the outer wall 140 extends axially into the ground to a depth of

approximately 8,800 meters. The outer wall 140 can have a diameter of 15 inches (381 mm). The
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permeable portion 144 of the outer wall 140 is configured to allow a fluid flow 106 through the
permeable geological layer 80 toward a downstream well, for example, the first well 110 and/or
the third well 150. In some embodiments, the permeable portion 144 is an outer casing with slotted

inlets disposed along the outer wall 140 to allow for fluid flow therethrough.

[0067] The inner casing 142 is positioned within the outer wall 140 and is configured to
receive the fluid flow from the first channel 136 at an end of the inner casing 142. In some
embodiments, the end of the inner casing 142 includes an intake screen 148 and/or intake inlet that
receives the flow from the first channel 136 to the second channel 138. The intake screen 148 and
the end of the inner casing 142 are spaced from an end of the outer wall 140 to define a gap 146.
The gap 146 can be configured for expansion of the fluid. In some embodiments, the gap 146 has
a distance between 30 and 50 meters. In some embodiments, the inner casing 142 has a diameter
between 5 (127 mm) and 7 inches (177 mm), for example, 6.3 inches (160 mm). In some

embodiments, the inner casing 142 is a vacuum insulated casing.

[0068] In one embodiment, the pipe inlet 132 of the second well 130 receives a flow of 18
kg/sec at a temperature of 50-degrees Celsius that flows through the first channel 136 towards the
bottom of the well 130. The injection velocity through the first channel 136 can be 0.33 m/sec.
The fluid is heated as it passes through the lower layers of geology. A portion of the fluid can flow
out of the permeable portion 144 of the outer wall 140 toward the second well 130 along a flow
path 106 in the permeable layer 80. The fluid flow 106 can be a rate of 14 kg/sec from the second
well 130 towards the third well 150. In some embodiments, fluid from the surrounding geology
can enter into the first channel 116 of the first well 110 through the permeable portion 124 of the
outer wall 120. In some embodiments, fluid from the surrounding geology can enter into the first
channel 136 of the second well 130 through the permeable portion 144 of the outer wall 140. The
fluid enters and can expand within the gap 146 as it enters the intake screen 148 of the inner casing
142 and into the second channel 138. The temperature of the fluid can be approximately 320-
degrees Celsius as the fluid travels through the gap 146 toward the second channel 138. The fluid
can flow out of the pipe outlet 134 at a fluid flow rate of 22 kg/sec at a temperature of 290-degrees
Celsius from the second channel 138. The second well 130 can have a thermal energy between 20

and 30 MW, for example 23.65 MW.
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[0069] The third well 150 includes a pipe inlet 152, a pipe outlet 154, a first channel 156
(e.g. inlet channel) and a second channel 158 (e.g. outlet channel) disposed within (e.g
concentrically with) the first channel 156. The first channel 156 receives fluid from the pipe inlet
152 and 1s defined between an outer wall 160 and the inner casing 162 (e.g. production casing)
where the outer wall 160 can be formed from a man-made casing and/or defined by the geology
of the well. The second channel 158 is defined by the inner casing 162 that is positioned within
the outer casing and/or outer wall 160. The second channel 158 provides fluid that has been heated

to the pipe outlet 154. The well head can include support members 194.

[0070] Expanding upon an outer portion of the third well 150, a nested outer casing extends
downward from the well head and geological surface toward the open end of the third well 150.
The nested outer casing comprises a first outer casing 176 and a second outer casing 178. The
casings are nested such that a third outer casing 188 is positioned within the second outer casing
178 and the first outer casing 176, and the second outer casing 178 is positioned within the first
outer casing 176. In some embodiments, additional or fewer casings can be positioned along the

third well 150 in the nested arrangement.

[0071] The first outer casing 176 extends from the well head and geological surface inward
towards the well end (e.g. into the ground). In some embodiments, the first outer casing 176
extends axially into the ground to a depth of approximately 100 meters. The first outer casing 176
can have a diameter of 30 inches (762 mm). The second outer casing 178 is positioned within, and
can abut, the first outer casing 176 and extends from the well head and geological surface inward
towards the well end (e.g. into the ground) at a depth greater than the first outer casing 176. In
some embodiments, the second outer casing 178 extends axially into the ground to a depth of
approximately 1500 meters. The second outer casing 178 can have a diameter of 20 inches (508
mm). The third outer casing 188 is positioned within, and can abut, the second outer casing 178
and extends from the well head and geological surface inward towards the well end (e.g. into the
ground) at a depth greater than the second outer casing 178. In some embodiments, the third outer
casing 188 extends axially into the ground to a depth of approximately 3000 meters. The third

outer casing 188 can have a diameter of 16 inches (406 mm).

[0072] The outer wall 160 is positioned with the third outer casing 188 and extends past
the third outer casing 188 and defines a bottom of the third well 150. The outer wall 160 is defined
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by the geological layers such that the fluid is permeable through a portion 164 of the outer wall
160 in the permeable geological layer 80. In some embodiments, the permeable portion 164 of the
outer wall 160 is at a depth between 7,500 meters and 9,000 meters. In some embodiments, the
outer wall 160 extends axially into the ground to a depth of approximately 8,800 meters. The outer
wall 160 can have a diameter of 14.5 inches (368 mm). The permeable portion 164 of the outer
wall 160 is configured to allow fluid to flow 108 through the permeable portion 164 toward a

downstream well and/or back upstream.

[0073] The inner casing 162 is positioned within the outer wall 160 and is configured to
receive a fluid flow from the first channel 156 at an end of the inner casing 162. In some
embodiments, the end of the inner casing 162 includes an intake screen 168 and/or intake inlet that
receives the flow from the first channel 156 to the second channel 158. The intake screen 168 and
the end of the inner casing 162 are spaced from an end of the outer wall 160 end to define a gap
166. The gap 166 can be configured for expansion of the fluid. In some embodiments, the gap 166
has a distance between 30 and 50 meters. In some embodiments, the inner casing 162 has a
diameter between 5 (127 mm) and 7 inches (177 mm), for example, 6.3 inches (160 mm). In some

embodiments, the inner casing 162 is a vacuum insulated casing.

[0074] In one embodiment, the pipe inlet 152 of the third well 150 receives a flow of 8
kg/sec at a temperature of 50-degrees Celsius that flows through the first channel 156 towards the
bottom of the well. The injection velocity through the first channel 156 can be 0.15 m/sec. The
fluid is heated as it passes through the lower layers of geology. In some embodiments, fluid from
the surrounding geology can enter into the first channel 116 of the first well 110 through the
permeable portion 124 of the outer wall 120. In some embodiments, fluid from the surrounding
geology can enter into the first channel 136 of the second well 130 through the permeable portion
144 of the outer wall 140. In some embodiments, fluid from the surrounding geology can enter
into the first channel 156 of the third well 150 through the permeable portion 164 of the outer wall
160. The fluid enters and can expand within the gap 166 as it enters the intake screen 168 of the
inner casing 162 and into the second channel 158. The temperature of the fluid can be
approximately 360-degrees Celsius as the fluid travels through the gap 166 toward the second
channel 158. The fluid can flow out of the pipe outlet 154 at 24 kg/sec at a temperature of 340-
degrees Celsius from the second channel 158. The third well 150 can have a thermal energy

between 20 and 30 MW, for example 27.86 MW.
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[0075] In some embodiments, the first well 110 and/or the third well 150 can be an
injection well to allow fluid flow between the first well and the third well 150 to heat the second
well 130, and in some embodiments other wells can be located therebetween. In some
embodiments, the enhanced thermal syphoning system 100 has a total production flow
substantially similar to the total injection flow. For example, the flow can be between 60 and 70

keg/sec, approximately 66 kg/sec.

[0076] Referring to FIG. 2, an enhanced thermal syphoning system 200 is shown. The
enhanced thermal syphoning system 200 is similar to the enhanced thermal syphoning system 100
of FIG. 1. A difference between the enhanced thermal syphoning system 200 and the enhanced
thermal syphoning system 100 is the implementation of a fourth well 270 and a closed loop
arrangement for a second well 230 and a third well 250 positioned between an open first well 210
and the open fourth well 270. Accordingly, like numbering is used to designate like parts between
the enhanced thermal syphoning system 200 and the enhanced thermal syphoning system 100. For
brevity, the description of the enhanced thermal syphoning system 200 will focus on the closed
loop arrangement for the second well 230 and the third well 250 positioned between the open first

well 210 and the open fourth well 270 is expanded upon.

[0077] The enhanced thermal syphoning system 200 comprises a four well arrangement
with the first well 210, the second well 230, the third well 250, and the fourth well 270 positioned
in series. Each of the first well 210 and the fourth well 270 are open wells such that the outer casing
of each well is open to the outside environment for a portion of the well. Each of the second well
230 and the third well 250 are closed wells such that the medium within the wells 230,250 is
separated from the outside environment and heated by the flow of the fluid around the second well
230 and the third well 250. The medium within the second and third wells 230, 250 can be water

or alternative medium for transporting thermal energy.

[0078] Generally, the first well 210 is configured to allow fluid flow 204 from an end of
the first well 210 toward the second well 230 through the permeable geological layer 80. The
second well 230 is configured to allow the fluid flow 204 to pass around the second well 230 to
warm the medium within the second well 230 as fluid flow 206 moves towards the third well 250.

The third well 250 is configured to allow the fluid flow 206 to pass around the third well 250 to
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warm the medium within the third well 250 as fluid flow 206 moves towards the fourth well 250.
The fourth well 250 includes an end that is configured to receive the fluid flow 208.

[0079] The first well 210 includes a pipe inlet 212, a pipe outlet 214, a first channel 216
(e.g. inlet channel) and a second channel 218 (e.g. outlet channel) disposed within (e.g
concentrically with) the first channel 216. The first channel 216 receives fluid from the pipe inlet
212 and is defined between an outer wall 220 and an inner casing 222 (e.g. production casing)
where the outer wall 220 can be formed from a man-made casing and/or defined by the geology
of the well. The second channel 218 is defined by the inner casing 222 that is positioned within
the outer casing and/or outer wall 220. The second channel 218 provides fluid that has been heated
to the pipe outlet 214. The well can include support members 290. For example, the support
members 290 can include nested outer casings (not illustrated) that extend downward from the
well head and geological surface toward the open end of the first well 210 (e.g. first outer casing,
second outer casing , third outer casing, etc. as described herein in relation to the enhanced thermal

syphoning system 100 of Figure 1).

[0080] The outer wall 220 extends toward and through the permeable layer 80 and defines
a bottom of the first well 210. The outer wall 220 includes a permeable portion 224 that is
configured to allow flow of the fluid into the permeable geological layer 80. In some embodiments,
the outer wall 220 is substantially all defined by the geological layers. In some embodiments, the
permeable portion 224 of the outer wall 220 is at a depth between 7,500 meters and 9,000 meters.
In some embodiments, the outer wall 220 extends axially into the ground to a depth of
approximately 8,800 meters. The outer wall 220 can have a diameter of 24.5 inches (622 mm).
The permeable portion 224 of the outer wall 220 is configured to allow fluid flow 204 through the

permeable portion 224 toward a downstream well.

[0081] The inner casing 222 is positioned within the outer wall 220 and is configured to
receive the fluid flow from the first channel 216 at an end of the inner casing 222. In some
embodiments, the end of the inner casing 222 includes an intake inlet 228 and/or intake screen that
receives the fluid flow from the first channel 216 to the second channel 218. The intake inlet 228
and the end of the inner casing 222 are spaced from an end of the outer wall 220 to define a gap

226. The gap 226 can be configured for expansion of the fluid. In some embodiments, the gap 226
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has a distance between 30 and 50 meters. In some embodiments, the inner casing 222 has a

diameter between 5 (127 mm) and 7 inches (177 mm), for example, 6.3 inches (160 mm).

[0082] In one embodiment, the pipe inlet 212 of the first well 210 receives a fluid flow of
30 kg/sec at a temperature of 50-degrees Celsius that flows through the first channel 216 towards
the bottom of the pipe. The fluid is heated as it passes through the lower layers of geology. A
portion of the fluid can flow out of the permeable portion 224 of the outer wall 220 towards the
second well 230 along a flow path 204 in the permeable layer 80. In some embodiments, fluid
from the surrounding geology can enter into the first channel 216 through the permeable portion
224 of the outer wall 220. The fluid enters and can expand within the gap 226 as it enters the intake
inlet 228 of the inner casing 222 and into the second channel 218. The fluid flows out of the pipe
outlet 214 at 10 kg/sec at a temperature of 250-degrees Celsius from the second channel 218. The

fluid through the pipe outlet 214 can be slightly salty and/or contaminated by the geology.

[0083] The second well 230 includes a pipe inlet 232, a pipe outlet 234, a first channel 236
(e.g. inlet channel) and a second channel 238 (e.g. outlet channel) disposed within (e.g.
concentrically with) the first channel 236. The second well 230 is a closed well, such that the
medium within the second well 230 is not exposed to the geology. The first channel 236 receives
fluid from the pipe inlet 232 and is defined between an outer casing 240 and an inner casing 242
(e.g. production casing). The second channel 238 is defined by the inner casing 242 that is
positioned within the outer casing 240. The second channel 238 provides medium that has been
heated to the pipe outlet 234. The well can include support members 292. For example, the support
members 292 can include nested outer casings that extend downward from the well head and
geological surface toward the open end of the second well 230 (e.g. first outer casing, second outer

casing, third outer casing , etc. as described herein in relation to Figure 1).

[0084] The outer casing 240 is positioned with a third outer casing and extends past the
third outer casing and defines a bottom of the second well 230. Unlike the open first well 210, the
outer casing 240 of the second well 230 is closed from the geological surroundings and includes a
heating portion 244 that the fluid flow 204 moves around to heat the medium within the outer
casing 240. In some embodiments, the heating portion 244 of the outer casing 240 is at a depth
between 7,500 meters and 9,000 meters. In some embodiments, the outer casing 240 extends

axially into the ground to a depth of approximately 8,800 meters. The outer casing 240 can have a

-23 -



WO 2024/259487 PCT/AU2024/050646

diameter of 25 inches (635 mm). The heating portion 244 of the outer casing 240 is configured to
allow fluid flow 204 around the casing, heating the medium therein, and moving into fluid flow

206 to the downstream third well 250.

[0085] The inner casing 242 is positioned within the outer casing 240 and is configured to
receive the fluid flow from the first channel 236 at an end of the inner casing 242. In some
embodiments, the end of the inner casing 242 includes an intake screen and/or intake inlet 248 that
receives the flow from the first channel 236 to the second channel 238. The intake inlet 248 and
the end of the inner casing 242 are spaced from an end of the outer casing 240 to define a gap 246.
The gap 246 can be configured for expansion of the fluid. In some embodiments, the gap 246 has
a distance between 30 and 50 meters. In some embodiments, the inner casing 242 is a vacuum

insulated casing,

[0086] In one embodiment, the pipe inlet 232 of the second well 230 receives a flow of a
medium at 20 kg/sec at a temperature of 50-degrees Celsius that flows through the first channel
236 towards the bottom of the well. The medium is heated as it passes through the lower layers of
geology. The medium enters and can expand within the gap 246 as it enters the intake inlet 248 of
the inner casing 242 and into the second channel 238. The medium flows out of the pipe outlet 234
at a flow rate of 20 kg/sec at a temperature of 250-degrees Celsius from the second channel 238.
The medium through the pipe outlet 234 can be untainted by the geology such that the medium
entering the pipe inlet 232 is substantially similar in concentration to the medium exiting the pipe

outlet 234. The medium can be a distilled fluid, for example, distilled water.

[0087] The third well 250 includes a pipe inlet 252, a pipe outlet 254, a first channel 256
(e.g. inlet channel) and a second channel 258 (e.g. outlet channel) disposed within (e.g
concentrically with) the first channel 256. The third well 250 is a closed well, such that the medium
within the third well 250 is not exposed to the geology. The first channel 256 receives medium
from the pipe inlet 252 and is defined between the outer casing 260 and the inner casing 262 (e.g.
production casing). The second channel 258 is defined by the inner casing 262 that is positioned
within the outer casing 260. The second channel 258 provides medium that has been heated to the
pipe outlet 254. The well can include support members 294. For example, the support members

294 may include nested outer casings that extend downward from the well head and geological
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surface toward the open end of the third well 250 (e.g. first outer casing, second outer casing, third

outer casing, etc. as described herein in relation to Figure 1).

[0088] The outer casing 260 is positioned with a third outer casing and extends past the
third outer casing 284 and defines a bottom of the third well 250. Unlike the open first well 210,
the outer casing 260 of the third well 250 is closed from the geological surroundings and includes
a heating portion 264 that the fluid flow 204 moves around to heat the medium within the outer
casing 260. In some embodiments, the heating portion 264 of the outer casing 260 is at a depth
between 7,500 meters and 9,000 meters. In some embodiments, the outer casing 260 extends
axially into the ground to a depth of approximately 8,800 meters. The outer casing 260 can have a
diameter of 25 inches (635 mm). The heating portion 264 of the outer casing 260 is configured to
allow fluid flow 206 around the casing 260, heat the medium, and enter fluid flow 208 directed to

the downstream fourth well 270.

[0089] The inner casing 262 is positioned within the outer well 260 and is configured to
receive the flow of medium through the first channel 256 at an end of the inner casing 262. In
some embodiments, the end of the inner casing 262 includes an intake screen and/or intake inlet
268 that receives the flow of medium from the first channel 256 to the second channel 258. The
intake inlet 268 and the end of the inner casing 262 are spaced from an end of the outer casing 260
to define a gap 266. The gap 266 can be configured for expansion of the medium. In some
embodiments, the gap 266 has a distance between 30 and 50 meters. In some embodiments, the

inner casing 262 is a vacuum insulated casing.

[0090] In one embodiment, the pipe inlet 252 of the third well 250 receives a flow of
medium at a rate of 20 kg/sec at a temperature of 50-degrees Celsius that flows through the first
channel 256 towards the bottom of the pipe. The medium is heated as it passes through the first
channel adjacent the lower layers of geology. The medium enters and can expand within the gap
266 as it enters the intake inlet 268 of the inner casing 262 and into the second channel 258. The
medium flows out of the pipe outlet 254 at a flow rate of 20 kg/sec at a temperature of 250-degrees
Celsius from the second channel 258. The medium through the pipe outlet 254 is untainted by the
geology such that the medium entering into the pipe inlet 252 is substantially similar in
concentration to the medium exiting out of the pipe outlet 254. The medium cab be a distilled

fluid, for example water.
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[0091] The fourth well 270 includes a pipe inlet 272, a pipe outlet 274, a first channel 276
(e.g. inlet channel) and a second channel 278 (e.g. outlet channel) disposed within (e.g
concentrically with) the first channel 276. The first channel 276 receives fluid from the pipe inlet
272 and is defined between an outer wall 280 and an inner casing 282 (e.g. production casing)
where the outer wall 280 can be formed from a man-made casing and/or defined by the geology
of the well. The second channel 278 is defined by the inner casing 282 that is positioned within
the outer casing and/or outer wall 280. The second channel 278 provides fluid that has been heated
to the pipe outlet 274. The well can include support members 296. For example, the support
members 296 may include multiple nested outer casings that extend downward from the well head
and geological surface toward the open end of the fourth well 270 (e.g., first outer casing, second

outer casing, third outer casing, etc. as described herein in relation to Figure 1).

[0092] The outer wall 280 extends toward and through the permeable layer 80 and defines
a bottom of the fourth well 270. The outer wall 280 includes a permeable portion 284 that is
configured to allow flow of the fluid into the permeable geological layer 80. In some embodiments,
the outer wall 280 is substantially all defined by the geological layers. In some embodiments, the
permeable portion 284 of the outer wall 280 is at a depth between 7,500 meters and 9,000 meters.
In some embodiments, the outer wall 280 extends axially into the ground to a depth of
approximately 8,800 meters. The outer wall 280 may have a diameter of 24.5 inches (622 mm).
The permeable portion 284 of the outer wall 280 1s configured to allow fluid to flow 204 through

the permeable portion 284 toward a downstream/upstream well.

[0093] The inner casing 282 is positioned within the outer wall 280 and is configured to
receive the flow of the fluid through the first channel 276 at an end of the inner casing 282. In
some embodiments, the end of the inner casing 282 includes an intake inlet 288 and/or intake
screen that receives the flow from the first channel 276 to the second channel 278. The intake inlet
288 and the end of the inner casing 282 are spaced from an end of the outer wall 280 to define a
gap 286. The gap 286 can be configured for expansion of the fluid. In some embodiments, the gap
286 has a distance between 30 and 50 meters. In some embodiments, the inner casing 282 has a

diameter between 5 (127 mm) and 7 inches (177 mm), for example, 6.3 inches (160 mm).

[0094] In one embodiment, the pipe inlet 272 of the fourth well 270 receives a flow of 10
keg/sec at a temperature of 50-degrees Celsius that flows through the first channel 276 towards the
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bottom of the well. The fluid is heated as it passes through the lower layers of geology. A portion
of the fluid can flow out of the permeable portion 284 of the outer wall 280 towards the third well
250 along a path of fluid flow 208 in the permeable layer 80. In some embodiments, fluid from the
surrounding geology can enter into the first channel 276 of the fourth well 270 through the
permeable portion 284 of the outer wall 280. The fluid enters and can expand within the gap 286
as it enters the intake inlet 288 of the inner casing 282 and into the second channel 278. The fluid
flows out of the pipe outlet 274 at 30 kg/sec at a temperature of 250-degrees Celsius from the
second channel 278. The fluid through the pipe outlet 274 can be slightly salty and/or contaminated
by the geology.

[0095] Referring to FIG. 3, an enhanced thermal syphoning system 300 is shown. The
enhanced thermal syphoning system 300 1s similar to the enhanced thermal syphoning system 200
of FIG. 2. A difference between the enhanced thermal syphoning system 300 and the enhanced
thermal syphoning system 200 is the implementation of four intermediary open wells 330
positioned between the open first well 310 and the open sixth well 370. Accordingly, like
numbering is used to designate like parts between the enhanced thermal syphoning system 300
and the enhanced thermal syphoning system 200. For brevity, the description of the enhanced
thermal syphoning system 300 will focus on the implementation of multiple intermediary open

wells.

[0096] The enhanced thermal syphoning system 300 includes a six well arrangement with
a first well 310, a plurality of four open intermediary wells 330, and a sixth well 370 positioned in
series. Each well 310 is an open well such that the outer casing of each well is open to the outside
environment for a portion of the well. In some embodiments, one or more of the intermediary wells
may be closed wells such that the fluid within the wells is separate from the outside environment

and heated by the flow of the fluid around well casing.

[0097] Generally, the first well 310 is configured to allow fluid flow 350 from an end of
the first well 310 toward the second well 330 through the permeable geological layer 80. The
intermediary wells 330 are configured to allow the fluid flow 350, 352, 354, 356 to pass through
and around the intermediary wells 330 to warm the fluid within each intermediary well and flow

downstream. The sixth well 370 includes an end that is configured to receive the fluid flow 358.
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[0098] The first well 310 includes a pipe inlet 312, a pipe outlet 314, a first channel 316
(e.g. inlet channel) and a second channel 318 (e.g. outlet channel) disposed within (e.g
concentrically with) the first channel 316. The first channel 316 receives fluid from the pipe inlet
312 and is defined between an outer wall 320 and an inner casing 322 (e.g. production casing)
where the outer wall 320 can be formed from a man-made casing and/or defined by the geology
of the well. The second channel 318 is defined by the inner casing 322 that is positioned within
the outer casing and/or outer wall 320. The second channel 318 provides fluid that has been heated
to the pipe outlet 314. The well may include support members 390. For example, the support
members 390 can include a plurality of nested outer casings that extend downward from the well

head and geological surface toward the open end of the first well 310 (see Figure 1).

[0099] The outer wall 320 extends toward and through the permeable layer 80 and defines
a bottom of the first well 310. The outer wall 320 includes a permeable portion 324 that is
configured to allow fluid flow into the permeable geological layer 80. In some embodiments, the
outer wall 320 is substantially all defined by the geological layers. In some embodiments, the
permeable portion 324 of the outer wall 320 is at a depth between 7,500 meters and 9,000 meters.
In some embodiments, the outer wall 320 extends axially into the ground to a depth of
approximately 8,800 meters. The outer wall 320 can have a diameter between 10 (254 mm) and
20 inches (508 mm), for example, 13.375 inches (339 mm). The permeable portion 324 of the
outer wall 320 is configured to allow fluid flow 350 through the permeable portion 324 toward a

downstream well.

[00100] The inner casing 322 is positioned within the outer well 320 and is configured to
receive the fluid flow from the first channel 316 at an end of the inner casing 322. In some
embodiments, the end of the inner casing 322 includes an intake inlet 328 and/or intake screen that
receives the flow from the first channel 316 to the second channel 318. The intake inlet 328 and
the end of the inner casing 322 are spaced from an end of the outer wall 320 to define a gap 326.
The gap 326 can be configured for expansion of the fluid. In some embodiments, the gap 326 has
a distance between 30 and 50 meters. In some embodiments, the inner casing 322 has a diameter

between 5 (177mm) and 7 inches (127mm), for example, 6.3 inches (160mm).

[00101] In one embodiment, the pipe inlet 312 of the first well 310 receives a fluid flow of

20 kg/sec at a temperature of 50-degrees Celsius that flows through the first channel 316 towards
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the bottom of the well 310. The injection velocity through the first channel 316 can be 1 m/sec.
The fluid is heated as it passes through the lower layers of geology. A portion of the fluid can flow
out of the permeable portion 324 of the outer wall 320 towards the second well 330 along a fluid
flow path 350 in the permeable layer 80. In some embodiments, fluid from the surrounding geology
can enter into the first channel 316 through the permeable portion 324 of the outer wall 320. The
fluid enters and can expand within the gap 326 as it enters the intake inlet 328 of the inner casing
322 and into the second channel 318. The fluid flows out of the pipe outlet 314 at 10 kg/sec at a
temperature of 350-degrees Celsius from the second channel 318. The fluid through the pipe outlet
314 can be slightly salty and/or contaminated by the geology.

[00102] Each well in the plurality of intermediary wells 330 includes a pipe inlet 332, a
pipe outlet 334, a first channel 336 (e.g. inlet channel) and a second channel 338 (e.g. outlet
channel) disposed within (e.g. concentrically with) the first channel 336. The first channel 336
receives fluid from the pipe inlet 332 and is defined between an outer wall 340 and an inner casing
342 (e.g. production casing) where the outer wall 340 can be formed from a man-made casing
and/or defined by the geology of the well. The second channel 338 is defined by the inner casing
342 that is positioned within the outer casing and/or outer wall 340. The second channel 338
provides fluid that has been heated to the pipe outlet 334. Each well in the plurality of intermediary
wells 330 can include support members 392. For example, the support members 392 can include
a plurality of nested outer casings that extend downward from the well head and geological surface
toward the open end of each well 330 (e.g. first outer casing , second outer casing , third outer

casing , etc. as described herein in relation to Figure 1).

[00103] The outer walls 340 extend toward and through the permeable layer 80 and define
a bottom of each well 330 in the plurality of intermediary wells 330. The outer walls 340 are
defined by the geological layers such that the fluid is permeable through portions 344 of the outer
walls 340 in the permeable geological layer 80. In some embodiments, the permeable portions 344
of the outer walls 340 are at a depth between 7,500 meters and 9,000 meters. In some embodiments,
the outer walls 340 extend axially into the ground to a depth of approximately 8,800 meters. The
outer walls 340 can have a diameter between 10 inches (254mm) and 20 inches (508mm), for
example, 13.375 inches (339 mm). The permeable portions 344 of the outer walls 340 are
configured to allow fluid flow through the permeable portions 344 toward a downstream

subsequent well 310,330, 370.
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[00104] The inner casing 342 of each well 330 is positioned within the outer well 340 and
is configured to receive the fluid flow from the first channel 336 at an end of the inner casing 342.
In some embodiments, the end of the inner casing 342 includes an intake screen 348 and/or intake
inlet that receives the flow from the first channel 336 to the second channel 338. The intake screen
348 and the end of the inner casing 342are spaced from an end of the outer wall 340 to define a
gap 346. The gap 346 can be configured for expansion of the fluid. In some embodiments, the gap
346 has a distance between 30 and 50 meters. In some embodiments, the inner casing 342 has a
diameter between 5 (127mm) and 7 (177mm) inches, for example, 6.3 inches (160mm). In some

embodiments, the inner casing 342 is a vacuum insulated casing.

[00105] In one embodiment, the pipe inlet 332 of each well 330 in the plurality of
intermediary wells receives a flow of 5 kg/sec at a temperature of 50-degrees Celsius that flows
through the first channel 336 towards the bottom of the well 330. The injection velocity through
the first channel 336 can be 1 m/sec. The fluid is heated as it passes through the lower layers of
geology. A portion of the fluid can flow out of the permeable portion 344 of the outer wall 340
toward each well 330 in the plurality of intermediary wells along respective paths of the fluid flows
350, 352, 354, 356, 358 in the permeable layer 80. In some embodiments, fluid from the
surrounding geology can enter into the first channel 316 of the first well 310 through the permeable
portion 324 of the outer wall 320. In some embodiments, fluid from the surrounding geology may
enter into the first channel 336 of an intermediary well 330 through the permeable portion 344 of
the outer wall 340. The fluid enters and may expand within the gap 346 as it enters the intake
screen 348 of the inner casing 342 and into the second channel 338. The temperature of the fluid
can be approximately 320-degrees Celsius as the fluid travels through the gap 346 toward the
second channel 338. The fluid can flow out of the pipe outlet 334 at a fluid flow of 10 kg/sec at a

temperature of 350-degrees Celsius from the second channel 338.

[00106] The sixth well 370 includes a pipe inlet 372, a pipe outlet 374, a first channel 376
(e.g. inlet channel) and a second channel 378 (e.g outlet channel) disposed within (e.g.
concentrically with) the first channel 376. The first channel 376 receives fluid from the pipe inlet
372 and is defined between an outer wall 380 and an inner casing 382 (e.g. production casing)
where the outer wall 380 can be formed from a man-made casing and/or defined by the geology
of the well. The second channel 378 is defined by the inner casing 382 that is positioned within

the outer casing and/or outer wall 380. The second channel 378 provides fluid that has been heated

-30 -



WO 2024/259487 PCT/AU2024/050646

to the pipe outlet 374. The well 370 can include support members 396. For example, the support
members 396 can include a plurality of nested outer casings that extend downward from the well
head and geological surface toward the open end of the sixth well 370 (e.g. first outer casing,

second outer casing, third outer casing , etc. as described herein in relation to Figure 1).

[00107] The outer wall 380 extends toward and through the permeable layer 80 and defines
a bottom of the sixth well 370. The outer wall 380 includes a permeable portion 384 that is
configured to allow fluid flow into the permeable geological layer 80. In some embodiments, the
outer wall 380 is substantially all defined by the geological layers. In some embodiments, the
permeable portion 384 of the outer wall 380 is at a depth between 7,500 meters and 9,000 meters.
In some embodiments, the outer wall 380 extends axially into the ground to a depth of
approximately 8,800 meters. The outer wall 380 can have a diameter between 10 inches (254 mm)
and 20 inches (508 mm), for example, 13.375 inches (339 mm). The permeable portion 384 of the
outer wall 380 1s configured to allow fluid to flow 350 through the permeable portion 384 toward

a downstream well.

[00108] The inner casing 382 is positioned within the outer wall 380 and is configured to
receive the fluid flow from the first channel 376 at an end of the inner casing 382. In some
embodiments, the end of the inner casing 382 includes an intake inlet 388 and/or intake screen that
receives the flow from the first channel 376 to the second channel 378. The intake inlet 388 and
the end of the inner casing 382 are spaced from an end of the outer wall 380 to define a gap 386.
The gap 386 can be configured for expansion of the fluid. In some embodiments, the gap 386 has
a distance between 30 and 50 meters. In some embodiments, the inner casing 382 has a diameter

between 5 and 7 inches, for example, 6.3 inches.

[00109] In one embodiment, the pipe inlet 372 of the sixth well 370 receives a flow of 20
kg/sec at a temperature of 50-degrees Celsius that flows through the first channel 376 towards the
bottom of the well 370. The fluid is heated as it passes through the lower layers of geology. A
portion of the fluid can flow out of the permeable portion 384 of the outer wall 380 towards the
second well 330 along a fluid flow path 350 in the permeable layer 80. In some embodiments, fluid
from the surrounding geology can enter into the first channel 376 through the permeable portion
384 of the outer wall 380. The fluid enters and can expand within the gap 386 as it enters the
intake inlet 388 of the inner casing 382 and into the second channel 378. The fluid flows out of the
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pipe outlet 374 at 10 kg/sec at a temperature of 350-degrees Celsius from the second channel 378.
The fluid through the pipe outlet 374 can be slightly salty and/or contaminated by the geology. In
some embodiments, the enhanced thermal syphoning system 300 is configured to allow for a

cyclical fluid flow between the first well 310 and the sixth well 370.

[00110] An expanded view of the first well 110 (e.g. dual flow well) is shown in FIG. 4.
The open well depicted in FIG. 4 can be implemented as an open well in the enhanced thermal
syphoning system 100 of FIG. 1, the enhanced thermal syphoning system 200 of FIG. 2, and/or
the enhanced thermal syphoning system 300 of FIG. 3. The first well 110 includes a well head 500
as shown in FIG. 5. The well head 500 includes a plurality of seals 510, an exterior support

member(s) 512, and other features to provide proper support and outlets for the first well 110.

[00111] Turning to FIGS. 6 and 7, a cross-sectional side view of a nested closed well 630
having a closed inner well 230 and an outer, open well portion 600 (e.g. a triple flow well) and a
well head 700 are illustrated. The nested closed well 630 is similar to the open second well 230 of
FIG. 2. A difference between the nested closed well 630 and the second well 230 is that the nested
closed well 630 includes the outer, open well portion 600. Accordingly, like numbering is used to
designate like parts between the nested closed well 630 and the second well 230. For brevity, the
description of the nested closed well 630 will focus on the outer open well portion 600 that the

closed inner well 230 is nested within.

[00112] The outer, open well portion 600 includes an inlet 602, an outer well channel 604
positioned between an outer wall 620 and an outer casing 240 of the closed well 230, and a gap
606 between a bottom of the outer wall 620 and the outer casing 240. The nested outer casing 240
extends downward from the well head 700 and geological surface toward the open end of the outer,
open well portion 600. A first outer casing 670 and a second outer casing 672 are configured co
axially, such that a third outer casing 674 can be positioned within the second outer casing 672
and the first outer casing 670, wherein the second outer casing 672 is positioned within the first
outer casing 670. In some embodiments, additional or fewer casings can be positioned along the

nested closed well 630 in the nested arrangement.

[00113] The first outer casing 670 extends from the well head and geological surface
inward towards the well end (e.g. into the ground). In some embodiments, the first outer casing

670 extends axially into the ground to a depth of approximately 100 meters. The first outer casing
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670 can have a diameter of 30 inches (762 mm). The second outer casing 672 is positioned within,
and can abut, the first outer casing 670 and extends from the well head and geological surface
inward towards the well end (e.g. into the ground) at a depth greater than the first outer casing 670.
In some embodiments, the second outer casing 672 extends axially into the ground to a depth of
approximately 1500 meters. The second outer casing 672 can have a diameter of 20 inches (508
mm). The third outer casing 674 is positioned within, and can abut, the second outer casing 672
and extends from the well head 700 and geological surface inward towards the well end (e.g. into
the ground) at a depth greater than the second outer casing 672. In some embodiments, the third
outer casing 674 extends axially into the ground to a depth of approximately 3000 meters. The

third outer casing 674 can have a diameter of 16 inches (406 mm).

[00114] The outer wall 620 of the outer, open well portion 600 is positioned within the
third outer casing 674 and extends past the third outer casing 674 and defines a bottom of the outer,
open well portion 600. The outer wall 620 is defined by the geological layers such that the fluid 1s
permeable through a portion 644 of the outer wall 620 in the permeable geological layer 80. In
some embodiments, the permeable portion 644 of the outer wall 620 is at a depth between 7,500
meters and 9,000 meters. In some embodiments, the outer wall 620 extends axially into the ground
to a depth of approximately 8,800 meters. The outer wall 620 can have a diameter of 14.5 inches
(368 mm). The permeable portion 644 of the outer wall 620 is configured to allow the fluid flow

108 through the permeable portion 644 toward a downstream well and/or upstream well.

[00115] The enhanced thermal syphoning systems 100, 200, 300 described herein are used
to heat water or distilled water to deliver heat or heated water for downstream use. Referring
generally to Figure 1 as an illustrative example, there is a three well system. In order to use the
thermal energy in the geology efficiently, each of the wells 110, 130, 150 has an adjustable valve
set on the inlet 112, 132, 152 and an adjustable valve set on the outlet 114, 134, 154, to control not
only the amount of fluid entering the first channels 116, 136, 136 but also to control the amount
of fluid exiting the second channels 118, 138, 158. This provides control over the volume of fluid
being forced through the geology 80 between the wells where heat transfer is very efficient. For
example, if 30kg (per second) of fluid is input to the first well 110, but the inlet valve is adjusted
such that the first well 110 allows only 10kg to flow from the outlet 114, then 20kg is forced down
stream to the second well 130. Simultaneously, 20kg is injected into the second well 130 but only

10 kg is allowed to exit the second well 130 pushing a further 10kg under pressure into the geology.
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And finally 10kg (per second) is injected into the third well 150 allowing 40kg flow out of the
third well 150. Intotal 60kg/second of fluid is inputted to the system and 60kg/second is outputted
from the system, but 40kg/second has been pushed through the geology to thermally heat.

[00116] In another variation of the system 100, 40kg/second of fluid is inputted to
the second well 150 and the outlet is closed off completely, forcing 20kg/second to each of the
first 110 and third wells 150. If a further 20kg is injected into each of the first 110 and third wells
150, then each of the first 110 and third wells 150 will provide a heated fluid output of
40kg/second. Control on the inlet valves and outlets valves allows infinite adjustments to the
iputs and outputs of the system 100 to maximize the thermal heat energy extracted from the
system because the horizontal fluid flow can have a greater heat farming effect than the vertical
flow into and out of each well 110, 130, 150. This principal also applies to the systems 200 and
300 using 4 and 6 wells respectively. Effectively blocking or limiting the outlet (closing or
partially closing the valve on the outlet) to any one or more of the wells in each system 100, 200,
300 will force fluid through the hot geology and out of the remaining open production wells in
the system.

[00117] The ability to force fluid flow through the geology to more efficiently draw
thermal energy from the geology is also complimented by the thermal syphoning effect, wherein
the system requires minimal energy input once the thermal syphoning effect has been initiated.
The constant input of cooler fluid into the inlet pushes the heated fluid from the outlets and the
hotter fluid exiting the outlets draws the cooler fluid into the system to replace the hotter fluid as
it 1s drawn off. This thermal syphoning effect greatly reduces the requirement for additional
pumping and thus the energy required to run/sustain the process.It is important to note that the

construction and arrangement of the various example embodiments are illustrative only.

[00118] Described herein are systems and methods for geothermal food dehydration.
The systems and methods for geothermal food dehydration described herein can comprise the
thermal syphoning systems and methods described herein. The systems for geothermal food
dehydration described herein can comprise an apparatus, a line, and an enclosure. The apparatus
can be configured to attach to a line, and the line can be configured to attach to an enclosure. The
apparatus can be one or more thermal syphoning systems/devices described herein.

[00119] In some embodiments, a line has two opposing ends, one opposing end is

configured to be attached from the thermal syphoning system into an enclosure. The enclosure
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can be a housing. In some embodiments, the housing can be a box. The housing can be any shape,
such as but not limited to, a rectangle, a square, or any polygonal shape.

[00120] The systems and methods described herein can be utilized to perform
processes such as, but not limited to, food dehydration and freeze-drying. Examples of food
products to be dehydrated and/or freeze-dried, can include, but are not limited to, fruits, fish,
meats and/or vegetables. In some embodiments, various food products can be included in one
enclosure if contamination can be avoided. For example, enclosures can be configured to
comprise one or more trays. The one or more trays can be configured to hold one or more food
products. Each tray can have its own designation, e.g., a tray used to dry meats, a tray used to dry
fruits, a tray used to dry vegetables, and a tray used to dry fish. This can prevent food
contamination. In other embodiments, there can be one or more enclosures, wherein each
enclosure is designated to dry one of fruits, vegetables, meat, fish, seafood or any other food
product that can be dried.

[00121] Food products suitable for freeze-drying can include, but are not limited to,
coffee, fruit, juice, vegetables, meat, fish, seafood, eggs, and diary. Fruits that can be freeze-dried
include, but are limited to, apples, apricots, avocados, bananas, blackberries, blueberries, mangos,
strawberries, raspberries, pineapples, cantaloupes, and coconuts. Vegetables that can be freeze-
dried include, but are not limited to, green beans, brussel sprouts, and broccoli.

[00122] Foods suitable for dehydration can include, but are not limited to, meat, fish,
seafood, vegetables, and fruits. Fruits and vegetables suitable for dehydration, can include, but
are not limited to, bananas, apples, strawberries, mangoes, pineapple, tomatoes, sweet potatoes,
zucchini, peaches, cherries, blueberries, pears, and apricots,

[00123] Any of the food products described herein to be freeze-dried and/or
dehydrated can be prepared in accordance with the methods most suitable for freeze-drying and/or
dehydration as known to person of ordinary skill in the art. For example, food products can be
sliced or diced to provide greater surface area and thus great efficiency of drying time.

[00124] In some embodiments, the systems described herein further comprise one
or more or at least one valve(s), regulation valve(s), sensor(s), regulator sensor(s), temperature
sensor(s), and or a combination thereof, that can maintain temperature of the drying air. The
systems can comprise 1, 2, 3, 4, 5, 6, 7, 8, 10, or of the valve(s) and/or sensor(s) described herein

to maintain the temperature of the dried air. The desired temperature can be adjusted manually

-35-



WO 2024/259487 PCT/AU2024/050646

during, before, and/or throughout the drying process, and or a combination thereof. In some
embodiments, a timer can be included for automatic temperature adjustment. In other
embodiments, the systems can comprise both a manual adjustment and a timer or equivalent
thereof for automatic temperature adjustment. The one or more or at least one valve(s), regulation
valve(s), sensor(s), regulator sensor(s), temperature sensor(s), and or a combination thereof can
be located in the enclosure. In other embodiments, the one or more or at least one valve(s),
regulation valve(s), sensor(s), regulator sensor(s), temperature sensor(s), and or a combination
thereof can be included adjacent to or near the enclosure. In other embodiments, the food
dehydration system further comprises a heat exchanger. A heat exchanger can be a system that
transfers heat from one medium to another medium. A medium can be, but it is not limited to, a
gas, a liquid, or a combination thereof. In some embodiments, a heat exchanger is a system that
transfers heat between a source and a working fluid. The medium can be separated by, e.g., a wall
to prevent mixing or can be in direct contact. A heat exchanger, can be, but is not limited a shell
and tube and/or plate type.

[00125] In some embodiments, the systems described herein comprise a thermal
syphoning system described herein, a line, an enclosure, a heat exchanger, and a blower fan. The
line can comprise two opposing ends. One end of the line can be configured to connect to a pipe
outlet of a thermal syphoning system described herein. The other end of the line can be configured
to connect to an enclosure. In other embodiments, the other end of the line can be configured to
attach to a heat exchanger. In some embodiments, the heat exchanger can be located in the
enclosure or adjacent to the enclosure.

[00126] In some embodiments, a blower fan or equivalent can blow air onto the heat
exchanger. While the heated fluid from the thermal syphoning systems is flowing into the heat
exchanger from the line, the blowing air extracts the heat from the heated fluid. That heat is used
to power the enclosure and promote the drying of the items/articles, e.g. food products, located in
the enclosure. The heated air provides for the removal of moisture from the articles in the
enclosure. After heat is extracted from the heated fluid, the resulting fluid can flow out of a second
line, which can be configured to lead to a reservoir to be pumped/injected back into the thermal
syphoning systems described herein.

[00127] In other embodiments, the heated fluid can flow into the heat exchanger via

the line. The heat exchanger can be next to a drying chamber, where the heat gets transferred to
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the air. The air can then be sucked in the drying chamber utilizing a fan and raise the temperature
of the air. The resulting heated air can be configured to heat the enclosure thereby drying the food
products included in the enclosure. The food products can be dried by the heated air removing the
moisture of the food products. The constant flow of the heated fluid from the thermal syphoning
systems to the line configured to attach to the enclosure and/or heat exchanger attached to the
enclosure avoids imperfect drying. For example, food dehydration processes need constant drying
ivolving continuous heat flow. Failure to provide continuous heat flow can lead to imperfect
drying. For example, imperfect drying can cause excess moisture, which can ruin the dehydration
process. The systems described herein provide a continuous heat flow via the thermal syphoning
systems described herein.

[00128] In some embodiments, the heated fluid enters the line at a temperature of
between about 250 °C to about 180 °C. In some embodiments, the heated fluid enters the line at
a temperature of between about 180 °C to about 140 °C. In other embodiments, the heated fluid
enters the line at temperature of about 250 °C, about 240 °C, about 230 °C, about 220 °C, about
210 °C, about 200 °C, about 190 °C, about 180 °C, about 170 °C, about 160 °C, about 150 °C,
about 140 °C, 250 °C, 245 °C, 240 °C, 235 °C, 230 °C, 225 °C, 220 °C, 215 °C, 210 °C, 205 °C,
200 °C, 195 °C, 190 °C, 185 °C, 180 °C, 175 °C, 170 °C, 165 °C, 160 °C, 155 °C, 150 °C, 145
°C, or 140 °C.

[00129] In some embodiments, the heat source can at the same point that the
hydrogen compressor is taking thermal energy.

[00130] In some embodiments, the heated air has a temperature of about 140 °C. In
some embodiments, the heated air has a temperature of between about 90 °C to about 140 °C. In
other embodiments, the has a temperature of about 140 °C, about 130 °C, about 120 °C, about
110 °C, about 100 °C, about 90 °C, about 135 °C, about 125 °C, about 115 °C, about 95 °C, about
85 °C, about 80 °C, about 75 °C, about 70 °C, 140 °C, 135 °C, 130 °C, 125 °C, 120 °C, 115 °C,
110 °C, 105 °C, 100 °C, 95 °C, 90 °C, 85 °C, 70 °C, 75 °C, 60 °C, or 65 °C.

[00131] In some embodiments, the heat source taken after the desalination MED
plant can have a temperature of about 75°C. In other embodiments, the heat source taken after the
desalination MED plant can have a temperature of about 70 °C, about 71 °C, about 72 °C, about
73 °C, about 74 °C, about 75 °C, about 76 °C, about 77 °C, about 78 °C, about 79 °C, about
80 °C, 70 °C, 71 °C, 72 °C, 73 °C, 74 °C, 75 °C, 76 °C, 77 °C, 78 °C, 79 °C, 80 °C, greater than
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70 °C, greater than 71 °C, greater than 72 °C, greater than 73 °C, greater than 74 °C, greater than
75 °C, greater than 76 °C, greater than 77 °C, greater than 78 °C, greater than 79 °C, greater than
80 °C, less than 70 °C, less than 71 °C, less than 72 °C, less than 73 °C, less than 74 °C, less than
75 °C, less than 76 °C, less than 77 °C, less than 78 °C, less than 79 °C, less than 80 °C, between
about 70 °C to about 80 °C, between about 70 °C to about 75 °C, or between about 75°C to about
80 °C. Different foods/food products can require different temperatures for dehydration and/or
freeze drying. In some embodiments, the optimum temperature for drying food is 140°F.
Temperatures above 140°F can cook the food opposed to drying it.

[00132] In some embodiments, the temperature of the wasted heat used in the
dehydration process can be about 70°F, about 71°F, about 72°F, about 73°F, about 74°F, about
75°F, about 76°F, about 77°F, about 78°F, about 79°F, about 80°F, about 81°F, about 82°F, about
83°F, about 84°F, about 85°F, about 86°F, about 87°F, about 88°F, about 89°F, about 90°F, about
91°F, about 92°F, about 93°F, about 94°F, about 95°F, about 96°F, about 97°F, about 98°F, about
99°F, about 100°F, about 101°F, about 102°F, about 103°F, about 104°F, about 105°F, about
106°F, about 107°F, about 108°F, about 109°F, about 110°F, about 111°F, about 112°F, about
113°F, about 114°F, about 115°F, about 116°F, about 117°F, about 118°F, about 119°F, about
120°F, about 121°F, about 122°F, about 123°F, about 124°F, about 125°F, about 126°F, about
127°F, about 128°F, about 129°F, about 130°F, about 131°F, about 132°F, about 133°F, about
134°F, about 135°F, about 136°F, about 137°F, about 138°F, about 139°F, about 140°F.

[00133] In some embodiments, the temperature of the wasted heat used in the
dehydration process can be 70°F, 71°F, 72°F, 73°F, 74°F, 75°F, 76°F, 77°F, 78°F, 79°F, 80°F,
81°F, 82°F, 83°F, 84°F, 85°F, 86°F, 87°F, 88°F, 89°F, 90°F, 91°F, 92°F, 93°F, 94°F, 95°F, 96°F,
97°F, 98°F, 99°F, 100°F, 101°F, 102°F, 103°F, 104°F, 105°F, 106°F, 107°F, 108°F, 109°F,
110°F, 111°F, 112°F, 113°F, 114°F, 115°F, 116°F, 117°F, 118°F, 119°F, 120°F, 121°F, 122°F,
123°F, 124°F, 125°F, 126°F, 127°F, 128°F, 129°F, 130°F, 131°F, 132°F, 133°F, 134°F, 135°F,
136°F, 137°F, 138°F, 139°F, 140°F.

[00134] In some embodiments, the temperature of the wasted heat used in the dehydration
process can be between about 70°F to about 80°F, between about 75°F to about 85°F, between
about 80°F to about 90°F, between about 80°F to about 95°F, between about 90°F to about 100°F,
between about 95°F to about 105°F, between about 100°F to about 110°F, between about 105°F
to 110°F, between about 110°F to about 120°F, between about 115°F to 125°F, between about
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120°F to about 130°F, between about 125°F to about 135°F, between about 130°F to about 140°F,
between about 135°F to 140°F, between about 70°F to about 90°F, between about 80°F, to 100°F,
between about 90°F to about 110°F, between about 100°F to 120°F, between about 110°F to about
130°F, between about 120°F to about 140°F.Although only a few embodiments have been
described in detail in this disclosure, those skilled in the art who review this disclosure will readily
appreciate that many modifications are possible (e.g. variations in sizes, dimensions, structures,
shapes and proportions of the various elements, values of parameters, mounting arrangements, use
of materials, colours, orientations, etc.) without materially departing from the novel teachings and
advantages of the subject matter described herein. For example, elements shown as integrally
formed may be constructed of multiple parts or elements, the position of elements may be reversed
or otherwise varied, and the nature or number of discrete elements or positions may be altered or
varied. The order or sequence of any process or method steps may be varied or re-sequenced
according to alternative embodiments. Additionally, features from particular embodiments may be
combined with features from other embodiments as would be understood by one of ordinary skill
in the art. Other substitutions, modifications, changes and omissions may also be made in the
design, operating conditions and arrangement of the various example embodiments without

departing from the scope of the present invention.

[00135] As used herein and in the appended claims, the singular form of a word includes
the plural, unless the context clearly dictates otherwise. Thus, the references “a,” “an” and “the”
are generally inclusive of the plurals of the respective terms. For example, reference to “a feature”
includes a plurality of such “features.” The term “and/or” used in the context of “X and/or Y”

should be interpreted as “X,” or “Y,” or “X and Y.

[00136] It should be noted that any use of the term “example” herein to describe various
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term is not intended to
connote that such embodiments are necessarily extraordinary or superlative examples). Further, as
utilized herein, the term “substantially” and similar terms are intended to have a broad meaning in
harmony with the common and accepted usage by those of ordinary skill in the art to which the
subject matter of this disclosure pertains. It should be understood by those of skill in the art who
review this disclosure that these terms are intended to allow a description of certain features

described and claimed without restricting the scope of these features to the precise numerical
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ranges provided. Accordingly, these terms should be interpreted as indicating that insubstantial or
inconsequential modifications or alterations of the subject matter described and claimed (e.g.
within plus or minus five percent of a given angle or other value) are considered to be within the
scope of the invention as recited in the appended claims. The term “approximately” when used

with respect to values means plus or minus five percent of the associated value.

[00137] The terms “coupled” and the like as used herein mean the joining of two members
directly or indirectly to one another. Such joining may be stationary (e.g. permanent) or moveable
(e.g. removable or releasable). Such joining may be achieved with the two members or the two
members and any additional intermediate members being integrally formed as a single unitary
body with one another or with the two members or the two members and any additional

intermediate members being attached to one another.

[00138] It should be noted that although the diagrams herein may show a specific
order and composition of method steps, it is understood that the order of these steps may differ
from what is depicted. For example, two or more steps may be performed concurrently or with
partial concurrence. Also, some method steps that are performed as discrete steps may be
combined, steps being performed as a combined step may be separated into discrete steps, the
sequence of certain processes may be reversed or otherwise varied, and the nature or number of
discrete processes may be altered or varied. The order or sequence of any element or apparatus
may be varied or substituted according to alternative embodiments. Accordingly, all such
modifications are intended to be included within the scope of the present disclosure as defined in

the appended claims.

[00139] Without further elaboration, it is believed that one skilled in the art can use the
preceding description to utilize the claimed inventions to their fullest extent. The examples and
embodiments disclosed herein are to be construed as merely illustrative and not a limitation of the
scope of the present disclosure in any way. It will be apparent to those having skill in the art that
changes may be made to the details of the above-described embodiments without departing from
the underlying principles discussed. In other words, various modifications and improvements of
the embodiments specifically disclosed in the description above are within the scope of the
appended claims. For example, any suitable combination of features of the various embodiments

described is contemplated.
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[00140] It is to be understood that, if any prior art publication is referred to herein,
such reference does not constitute an admission that the publication forms a part of the common
general knowledge in the art, in Australia or any other country.

[00141] In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary implication,
the word “comprise” or variations such as “comprises” or “comprising” is used in an inclusive
sense, 1.e. to specify the presence of the stated features but not to preclude the presence or addition

of further features in various embodiments of the invention.
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CLAIMS

1. A food dehydration system comprising;
a geothermal syphoning system;
a line; and

an enclosure.

2. The system of claim 1, where in the geothermal syphoning system comprises:

a first well and a second well extending though a permeable geological layer, each
well having;

an inlet channel to introduce a fluid into the well and an inlet valve to control an inlet
fluid flow rate into the inlet channel;

an outlet channel to draw geologically heated fluid from the well and an outlet valve
to control an outlet fluid flow rate from the outlet channel; and

an opening in the inlet channel adjacent the permeable geological layer

wherein fluid in the inlet channel of the first well and the inlet channel of the second
well is communicated therebetween via the permeable geological layer, the fluid entering
and exiting the inlet channels through the openings therein, such that each inlet and each
outlet valve can be adjusted to vary a flow volume of the fluid between the first well and
the second well to thereby control a temperature of the heated fluid drawn from each well.
3. The system of claim 2, wherein the outlet channel is configured to provide the heated

fluid to a pipe outlet.

4, The system of claim 3, wherein the line includes two opposing ends.

5. The system of claim 4, wherein one opposing end of the line is configured to attach

to the pipe outlet.

6. The system of claim 5, wherein the other opposing end of the line is configured to

attach to the enclosure.
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7.

The system of claim 5, wherein the heat fluid travels through the outlet channel and

out the pipe inlet.

10.

11.

12.

The system of claim 7, further comprising a heat exchanger.

The system of claim 8, wherein the heat exchanger is a shell and tube or plate type.

The system of claim 9, further comprising a blower fan.

The system of claim 10, wherein the blower fan blows air onto the heat exchanger.

The system of claim 11, wherein the enclosure comprises one or more trays

configured to hold food products.

13.

A method for food dehydration, the method comprising:

drawing heated fluid from a geothermal syphoning system to a line connected to an

enclosure comprising a heat exchanger;

blowing air from a blower fan onto the heat exchanger wherein the blown air extracts

heat from the heated fluid thereby heating the enclosure; and

heating the enclosure thereby removing moisture from food products included in the

enclosure.

14.

15.

16.

17.

The method of claim 13, where the food products are a variety of fruits.

The method of claim 13, wherein the food products are a variety of vegetables.

The method of claim 13, wherein the food products are one kind of fruit.

The method of claim 13, wherein the food products are one kind of vegetable.
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18.  The method of claim 14, wherein the heated fluid enters the line at a temperature of

between about 250 °C to about 180 °C.

19.  The method of claim 13, wherein the heated air has a temperature of between about

180 °C to about 140 °C.

20. The method of claim 13, wherein the enclosure comprises one or more trays

configured to hold the food products.
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