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SPECIFICATION

TITLE OF THE INVENTION

System and method of capturing geothermal heat from within a drilled well to generate

electricity.

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to United States Provisional Application No. 61/131,967,

filed on June 13, 2008, the contents of which are hereby incorporated in their entirety.

STATEMENT REGARDING FEDERALLY-SPONSORED RESEARCH OR
DEVELOPMENT

Not applicable.

REFERENCE TO SEQUENCE LISTING, A TABLE, OR A COMPUTER PROGRAM
LISTING COMPACT DISK APPENDIX

Not applicable.

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of converting geothermal energy into
electricity. More specifically, the present invention relates to capturing geothermal heat from
deep within a drilled well and bringing this geothermal heat to the Earth’s surface to gi_anerate
electricity in an environmentally friendly process. |

Wells that have been drilled for oil and gas exploration that are either depleted, or have

never produced oil or gas, usually remain abandoned and/or unused and may eventually be filled.
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Such wells were created at a large cost and create an environmental issue when no longer needed
for their initial use.

Wells may also be drilled specifically to produce heat. While there are known
geothermal Heat/electrical methods and systems for using the geothermal heat/energy from deep
within a well (in order to produce a heated fluid (liquid or gas) and generate electricity
therefrom), th_ese methods have significant environmental drawbacks and are usually inefficient
in oil and gas wells due to the depth of such wells.

More specifically, geothermal heat pump (GHP) systems and enhanced geothermal
systems (EGS) are well known systems in the_prior.art for recovering energy from the Earth. In-
GHP systems, geothermal heat from the Earth is used to heat a fluid, such as water, which is then
used for heating and cooling. The fluid, usually water, is actually heated to a point where it is
converted into steam in a process called flash steam conversion, which is then used to generate
electricity. These systems use existing or man made water reservoirs to carry the heat from deep
wells to the surface. The water used for these systems is extremely harmful to the environment,
as it is full of minerals, is caustic and can pollute water aquifers. Such deep-well
implementations require that a brine reservoir exists or that a reservoir is built by injecting huge
quantities of water into an injection well, , effectively requiring the use of at least two wells.
Both methods require that polluted dirty water is brought to the surface. In the case of EGS
systems, water injected into a well permeates the Earth as it travels over rock and other material
under the Earth’s surface, becoming polluted, caustic, and dangerous.

A water-based system for generating heat from a well presents significant and specific
issues. For example, extremely large quantities of water are often injected into a well. This

water is heated and flows around the inside of the well to become heated and is then extracted
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from the well to generate electricity. This water becomes polluted with minerals and other
harmful substances, often is very caustic, and causes problems such as seismic instability and
disturbance of natural hydrothermal manifestations. Additionally, there is a high potential for
pollution of surrounding aquifers. This polluted water causes additional problems, such as
depositing minerals and severely scaling pipes.

Geothermal energy is present everywhere beneath the Earth’s surface. In general, the
temperature of the Earth increases with increasing depth, from 400°-1800° F at the base of the
Earth's crust to an estimated temperature of 6300°-8100° F. at the center of the Earth. However,
in order to be useful as a source of energy, it must be accessible to drilled wells. 'Ifhis increases
the cost of drilling associated with geothermal systems, and the cost increases with increasing
depth.

In a conventional geothermal system, such as for example and enhanced geothermal
system (EGS), water or a fluid (a liquid or gas), is pumped into a well using a pump and piping
system. The water then travels over hot rock to a production well and the hot, dirty water or
fluid is transferred to the surface to generate electricity.

As mentioned earlier herein, the fluid (water) may actually be heated to the point where it
is converted into gas/steam. The heated fluid or gas/steam then travels to the surface up and out
of the well. When it reaches the surface, the heated water and/or the gas/steam is used to power
a thermal engine (electric turbine and generator) which converts the thermal energy from the
heated water or gas/stéam into electricity.

This type of conventional geothermal system is highly inefficient in very deep wells for
several of reasons. First, in order to generate a heated fluid required to efficiently operate several

thermal engines (electric turbines and generators), the fluid must be heated to degrees of
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anywhere between 190° F and 1000° F. Therefore the fluid must obtain heat from the
surrounding hot rock. As it picks up heat it also picks up minerals, salt, and acidity, causing it to
very caustic. In order to reach such desired temperatures in areas that lack a shallow-depth
geothermal heat source (i.e. in order to heat the fluid to this desired temperatﬁre), the well used
must be very deep. In this type of prior art system, the geologies that can be used because of the
need for large quantities of water are very limited.

The deeper the well, the more challenging it is to implement a water-based system.
Moreover, as the well becomes deeper the gas or fluid must travel further to reach the surface,
_ allowing more heat to dissipate. Therefore, using conventional geothermal-electricity-generating
systems can be highly iﬁefﬁcient because long lengths between the bottom of a well and the
surface results in the loss of heat more quickly. This heat loss impacts the efficacy and
economics of generating electricity from these types of systems. Even more water is required in
such deep wells, making geothermal electricity-generating systems challenging in deep wells.

Accordingly, prior art geothermal systems include a pump, a piping system buried in the
ground, an above ground heat transfer device and tremendous quantities of water that circulates
through the Earth to pick up heat from the Earth’s hot rock. The ground is used as a heat source
to heat the circulating water. An important factor in determining the feasibility of such a prior art
geothermal system is the depth of wellbore, which affects the drilling costs, the cost of the pipe
and the size of the pump. If the wellbore has to be drilled to too great a depth, a water-based
geothermal system may not be a practical alternative energy source. Furthermore, these water-
based systems often fail due to a lack of permeability of hot rock within the Earth, as water

injected into the well never reaches the production well that retrieves the water.



WO 2009/151649 PCT/US2009/003592

BRIEF SUMMARY OF THE INVENTION

The present invention discloses, generally, a system and method of economically
conducting geothermal heat from a well to the Earth’s surface and then using this heat to
generate electricity in a closed-loop, solid state system. This system and method, known as
GTherm, is environmentally responsible because there is no fluid flow from the Earth. It is
entirely based on heat flow from rock deep within a well through solid materials to heat contents
of pipes pumped in a closed loop from and to the Earth’s surface.

The present invention discloses a system for generating electricity using geothermal heat
from within a drilled well, comprising a heat harnessing component having a closed-loop solid
state heat extraction system. The closed-loop solid state heat extraction syétem includes a heat
exchanging element positioned within a heat nest in a well and a heat conductive material
inserted into the well to conduct geothermal heat from the rock surrounding the heat nest to the
heat exchanging element. The rock surrounding the heat nest heats the heat conductive material
to an equilibrium temberature determined by a surface area of the rock surrounding the heat nest,
the equilibrium temperature being a temperature at which the rock surrounding the heat nest and
generating the geothermal heat continually recoups the geothermal heat it is conducting to the
heat conductive material and above which the geothermal heat generated by the rock surrounding
the heat nest dissipates as the heat conductive material conducts heat from the rock surrounding
the heat nest to the heat exchanging element. The system also includes an electricity generating
component that includes a thermal engine, the electricity generating component receiving
geothermal heat from contents of a piping component coupling the heat harnessing component to
the electricity generating component, the piping component including a set of downward-flowing
pipes and a set of upward-flowing pipes, the upward-flowing pipes conveying contents of the

piping component heated by the heat exchanging element to a surface of the well and into the



WO 2009/151649 PCT/US2009/003592

electricity generating component. The system further includes insulation inserted into the well

and substantially surrounding at least the upward-flowing pipes at at least one position between
the heat nest and the surface of the well to maintain a temperature of the contents of the piping

system substantially constant as the contents of the piping system are pumped to the surface of

the well. The closed-loop, solid state heat extraction system extracts geothermal heat from the

well without exposing the rock surrounding the heat nest to a liquid flow.

In another embodiment, the present invention discloses a heat extraction system for
generating geothermal heat from within a drilled well. The heat extraction system comprises a
heat conductive material injected into an area within a heat nest near a bottom of a drilled well
between a heat exchanging element and rock surrounding the heat nest to form a closed-loop,
solid state heat exchange to heat contents of a piping system flowing into and out of the heat
exchanging element at an equilibrium temperature at which the rock surrounding the heat nest
and generating the geothermal heat continually recoups the geothermal heat it is conducting to
the heat conductive material and above which the geothermal heat generated by the rock
surrounding the heat nest dissipates as the heat conductive material conducts heat from the rock
surrounding the heat nest to the heat exchanging element. The heat conductive material
solidifies to substantially fill the area within the heat nest to transfer heat from the rock

-surrounding the heat nest and the heat exchanging element, the piping system bringing the
contents of the piping system from a surface of the well into the heat nest and carrying heated
contents to the surface of the well from the heat nest. The closed-loop solid state heat extraction
system extracts geothermal heat from the well without exposing the rock surrounding the heat

nest to a liquid flow.
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In another embodiment, the present invention discloses a method of generating electricity
using geothermal heat from within a drilled well. The method comprises extracting geothermal
heat from rock surrounding a heat nest positioned at a location within a well by injecting a heat
conductive material into the heat nest to surround a heat exchanging element to form a closed-
loop, solid-state heat extraction system, the heat conductive material exchanging geothermal heat
from the rock surrounding the heat nest to the heat exchanging element to heat contents of a
piping system, the contents heated within the heat nest at an equilibrium temperature at which
the rock surrounding the heat nest and generating the geothermal heat continually recoups the
geothermal heat it is exchanging with the heat conductive material and above which the  __.
geothermal heat generated by the rock surrounding the heat nest dissipates as the heat conductive
material exchanges heat from the rock surrounding the heat nest to the heét exchanging element.
The method alsd Acomprises insulating the piping system at at least one point between the heat
nest and the surface of the well to maintain a temperature of the contents of the piping system
substantially constant as the contents of the piping system are pumped to the surface of the well.
The method further comprises pumping the heated contents of the piping system into an
electricity generating component after the heated contents of the piping system reaches the
surface of the well. The closed-loop solid state heat extraction system extracts geothermal heat
from the well without exposing the rock surrounding the heat nest to a liquid flow.

In still another embodiment, the present invention discloses a method of extracting
geothermal heat from within a drilled well. The method comprises determining a type of rock at
a depth of a well, a surface area of the rock at the depth of the well, and a heat conductivity
factor of the rock at the depth of the well, incréasing the surface area of the rock at a desired

point in the well between a heat point of the well and a bottom of the well, and forming a heat
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nest within the well beginning at the bottom of the well and ending at the heat point of the well.
The method also includes injecting a heat conductive material between rock surrounding the heat
nest and a heat exchanging element within the heat nest to form a closed-loop, solid-state heat
extraction system to exchange heat from the rock surrounding the heat nest to the heat
exchanging element to heat a contents of a piping system flowing into and out of the heat
exchanging element at an equilibrium temperature at which the rock surrounding the heat nest
and generating the geothermal heat continually recoups the geothermal heat it is exchanging with
the heat conductive material and above which the geothermal heat generated by the rock
surrounding the heat nest dissipates as the heali; conductive material exchanges heat from the rock
surrounding the heat nest to the heat exchanging element. The method further comprises
insulating the piping system between the heat nest and a surface of the well. The closed-loop
solid state heat extraction system extracts geothermal heat from the well without exposing the
rock surrounding the heat nest to a liquid flow.

Other embodiments, features and advantages of the present invention will become more
apparent from the following description of the embodiments, taken together with the
accompanying several views of the drawings, which illustrate, by way of example, the principles

of the invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a block view of a system according to one embodiment of the present invention
showing a closed lodp system having pipes, a heat harnessing component, and an electricity
generating component;

FIG. 2 is a close-up view of a heat exchanging element according to embodiment of the

present invention;
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FIG. 3 is a cross-sectional view pipes in a bore hole of a well according to one
embodiment of the present invention;

FIG. 4 is a flow chart showing steps in a method for generating electricity according to
one embodimenf of the present invention;

FIG. § is a cross-sectional view of a well and heat nest according to one embodiment of
the present invention; and

FIG. 6 is a cross-sectional view of a heat-exchanging element according to one

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the following description of the present invention reference is made to the
accompanying drawings which form a part thereof, and in which is shown, by way of illustration,
exemplary embodiments illustrating the principles of the present invention and how it may be
practiced. It is to be understood that other embodiments may be utilized to practice the present
invention and structural and functional changes may be made thereto without departing from the
scope of the present invention.

The present iﬁvention economically and efficiently conducts geothermal heat from deep
within a well to the surface of the Earth, and then uses this geothermal heat to generate electricity
in a closed-loop, solid-state system. This closed-loop, solid-state system generates electricity by
heat flow rather than by water flow, so that it does not require large quantities of water separately
injected into the well.

Referring to FIG. 1, the present invention includes a heat harnessing component 10 and
an electricity generating component 20. As shown in FIG. 1, the heat harnessing component

includes a heat exchanging element 40, and a heat conductive material 100 that transfers
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geothermal heat from hot rock near a bottom 90 of the well 110 to the heat exchanging element
40. The present invention also includes a piping system 50, comprised of one or more
downward-flowing pipes 60 and one or more upward-flowing pipes 80. The piping system’s 50
contents, pumped from and to the surface by a pumping mechanism 30, includes a heat
conductive fluid or gas that flows through the closed-loop system and carries heat to the surface
of the well 110. The electricity generating component 20 includes a thermal engine 120 which
converts heat into electrical energy. The thermal engine 120 may include an electric turbine and
a generator. The piping system 50 couples the heat harnessing component 10 and the electricity
| _generating component 20 together.

The downward-flowing pipes 60 and the upward-flowing insulated pipes 80 of the piping
system 50 may be insulated with insulation 70. The diameter of the downward-flowing pipes 60
and the upward-flowing insulated pipes 80 used in the piping system 50 may vary, and should be
determined in accordance with the specific flow requirements desired. In another embodiment,
the downward flowing insulated pipes 60 and the upward flowing insulated pipes 80 are
integrated into a single element, to the fullest extent possible, in order to simplify installation.

In another embodiment, the one or more downward-flowing pipes 60 and the one or more
upward-flowing insulated pipes 80 are made of a flexible material and can be spooled into the
well. The piping system 50 is therefore flexible and comprised of several different layers of
wound corrosion resistant steel wiring and leak-proof thermoplastic polymers such as
polyethylene, polyamide 11, and/or PVD. The number of layers used in any one particular pipe
in the piping system 50 will be determined as a function of the depth of the well and

. pressure/temperature requirements.
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Utilizing the pumping mechanism 30 and the piping system 50, contents of the piping
system 50, which may be a heat conductive fluid comprised of liquid or gas, is piped downward
through the one or more downward flowing pipes 60 and into the well 110. The contents are
pumped downward through the one or more downward pipes 60 to a level of the well 110 where
there is significant geothermal heat that is sufficient to heat the contents. This lowest depth
where the first appropriate heat is encountered will be referred to hereinafter as the heat point
130, although it is understood that there is geothermal heat at many levels and this geothermal
heat becomes greater as the depth of the well 110 increases. The area between the heat point 130
and the bottom 90 of the well 110 is called the heat nest 140.

The heat exchanging element 40 is positioned in the heat nest 140 at a point between the
heat point 130 of the well and the bottom 90 of the well 110. The downward-flowing pipes 60
are coupled to this heat exchanging element 40 on a first side 150, allowing the contents to pass
through the heat exchanging element 40 on the first side 150 of the heat exchanging element 40.
The heat exchanging element 40 draws geothermal heat from the Earth using the heat conducting
material 100 which interfaces with the hot rock surrounding the heat nest 140 and uses this
geothermal heat to heat the contents as they pass through the heat exchanging element 40.
Unlike conventional systems which will simply draw a heated fluid from a well to the top
surface, and then utilize a heating element in order to further heat the fluid at the surface level,
the present invention has its heat exchanging element 40 actually contained deep within the well
110 itself. The heat exchanging element 40 and the heat conductive material 100 form a closed-
loop, solid state extraction system in which heat flows rather than water. This closed-loop, solid
state extraction system has no negative environmental impacts and only requires the presence of

hot rock.
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The heat nest 140 is constructed at a desired depth after a surface area of the surrounding
rock has been increased to ensure maximum temperature and flow of geothermal heat generated
by the rock. A variety of techniques, discussed herein, may be erhployed to increase surface area
of the rock. ' Increasing the surface area of the rock ensures a steady, continual equilibrium
temperature and maximum flow of geothermal heat from the surrounding rock and into the heat
conductive material 100, which is injected after the heat nest 140 is constructed. Therefore, it is
an objective of the present invention to increase the surface area of the rock surrounding the to-
be-built heat nest 140 as much as possible, as doing so improves heat flow from the rock to the
heat conductive material 100 to the heat exchanging element 40 to the contents of the piping
system 50.

One method of increasing the surface area of the rock is by fracturing the rock
surrounding the heat nest to create cracks and crevices that expand the surface area. The present
invention contemplates that many ways of fracturing the rock may be used, including through
hydro-fracting, through drilling bore holes in multiple directions as described herein, and
génerally any current or future method of breaking or fractufing rock deep under the Earth’s
surface.

Accordingly, the equilibrium temperature is the temperature, or range of temperatures in
one embodiment, in the system and method of the present inyention at which geothermal heat
heating the contents of the piping system 50 equals the rate at which the hot rock supplying the
geothermal heat recoups, or re-generates, the heat it is transferring out. If geothemal heat is
transferred out above the equilibrium temperature, geothermal heat in the hot rock will be

depleted or dissipated, and rate and temperature of the heat extraction deteriorates. If geothermal



- WO 2009/151649 PCT/US2009/003592

heat is transferred out at or below the equilibrium temperature, the rate of heat extraction will be
continual and steady, therefore a steady state heat extraction system is achieved.

Heat exchanging elements generally are devices built for efficient heat transfer whicﬁ
typically transfer heat from one fluid to another. Such heat exchanging elements therefore
feature a fluid flow in. which fluid flows through two sides of the heat exchanging element, with
one fluid heating the other. They are widely used in many engineering processes. Some examples
include intercoolers, pré—heateré, boilers and condensers in power plants.

FIG. 2 is a diagram showing the heat exchanging element 40 utilized in the present
invention. A heat exchanging element 40 of the present heats fluid within the closed-loop,
steady state heat extraction system according to the present invention by a heat flow, rather than
a fluid flow. By applying the first law of thermodynamics to a heat exchanging element working
at steady-state condition, we obtain:
n=0
where,

p= mass flow of the i-th fluid

1= change of specific enthalpy of the i-th fluid
Referring to FIG. 2, the heat exchanging element 40 is shown as a cross-flow heat exchanger in
which heat flows perpendicular to the fluid which needs to be heated, such that the heat flow 240
passes over/around the exchanger in a perpendicular direction, thereby heating the fluid 230
which flows through from a direction perpendicular to the heat flow 240.

In one embodiment, the heat exchanging element 40 of the present invention is a high-
temperature heat exchanger (“HTHE”’) comprised of a recuperative type “cross flow” heat

exchanger, in which fluids exchange heat on either side of a dividing wall. Altematively, the

-13-
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heat exchanging element 40 may be comprised of an HTHE which utilizes a regenerative and/or
evaporative design. Regardless of the configuration of heat exchanging element used, the
present invention conterﬁplates that fluid passing through the heat exchanging element 40 is
heated by a heat flow generated by extracting geothermal heat from rock surrounding the heat
nest 140, rather than a flow of more than one fluid.

In another embodiment, the heat exchanging element 40 includes a plurality of smaller
capillaries 170. The contents enter the heat exchanging element 40 from the one or more
downward-flowing pipes 60, where it is then dispersed, flowing through each of the plurality of
smaller capillaries 170. The capillaries 170 may be.thinner than the.one,or- more downward-
flowing pipes 60. For example, the plurality of capillaries 170 may have a smaller diameter than
the one or more downward-flowing pipes 60, thereby allowing the contents to heat more quickly
as it passes through the capillaries 170 — and thereby increasing the overall efficacy of the heat
exchanging element 40. In another embodiment, the combined flow of the capillaries 170 of the
heat exchanging element 40 must be able to accommodate an equal or greater flow than the one
or more downward-flowing pipes 60 and the one or more upward-flowing pipes 80.

In yet another embodiment, the heat exchanging element 40 may be comprised of a
titanium clad tubesheet, wherein the tubesheet may be formed from a high temperature nickel
based alloy or ferritic steel. In this way, the heat exchanging element 40 is able to operate
efficiently under high temperature/pressure conditions. Moreover, the thickness of the titanium
may vary in accordance with specific temperature and/or pressure conditions under which the
heat exchanging element 40 operates.

Itis understood that there are other types of heat exchanging elements 40 known in the

art which may also be used in the present invention. Examples include but are not limited to
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parallel heat exchangers and/or reverse flow heat exchangers. In alternative embodiments, any
of these types of exchangers may be utilized. A primary consideration in designing the heat
exchanging element 40 will be to ensure its efficient operation under high temperature/pressure
conditions. Further, any such heat exchanging element 40 utilized in the present invention must
be sized to fit within the bore hole 190 of the well 110.

Additionally, the internal combonents of the heat exchanging element 40 may include
different forms designed to maximize the amount of heat transferred into the piping system 50
within the heat exchanging element 40 to heat the contents as much as possible.

Still referring to FIG. 1, the one or more upward-flowing pipes- 80 of the piping system
50 are coupled to the heat exchanging element 40 on an second, opposing side 160 of the heat
exchanging element 40. The one or more upward-flowing pipes 80 draw the heated contents
from the heat exchaﬁging element 40 and bring the heated contents upward from the heat point
130 in the well 110 to the top 180, or surface. The bore hole 190 from the heat point 130 to the
top 180 of the well 110 is completely insulated to prevent heat loss. The heat exchanging
element 40 and the piping system 50 form a closed loop that separates the contents from the
environment creating a completely environmentally-friendly system.

In.one embodiment, the fluid that needs to be heated (or, also used herein, the contents of
thé piping system 50) should be optimized to carry heat. An example of such a fluid is antifreeze
used in automobiles. Gas or water can also be used as a fluid. Further, the fluid should not have
any corrosive properties, and the material used to construct the piping system 50 needs to be
resistant to the fluid. Moreover, the fluid is pressurized within the piping system 50 so the

system should be able to withstand pressure generated by the depth of the well 110 and the
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pumping mechanism 30, as the fluid is pumped through the system. The fluid used is
environmentally inert and causes no environmental issues should the piping system 50 break.

Referring still to FIG. 1 and construction of a system according to the present invention,
once the piping system 50 and heat exchanging element 40 are fully installed in the well 110, the
heat nest 140 is completely filled with the heat conductive material 100. Once the heat
conductive material 100 fills the heat nest 140, the rest of the bore hole of the well 110 is filled
with insulation 70. The heat conductive material 110 must have heat conductive properties and
allow it to bond and solidify within the heat nest 140. The heat conductive material 100 is
designed to retain and conduct heat efficiently, maintaining a substantially constant temperature
throughout the heat nest 140. The heat conductive material 100 connects the hot rock
surrounding the heat nest 140 to the heat exchanging element 40, creating the heat harnessing
component 10.

The heat conductive material 100 used in the bresent invention may take many forms.
Generally, any substance or material that conducts heat at the temperatures required within a
well 110 may be used. Examples of such substances or material include but are not limited to
grout, enhanced grout, plastic, ceramics, enhanced ceramics, molten metal such as for example
copper, or any combination of these.

Additionally, the present invention contemplates that one or more additional materials
may also be injected into a well 110 (via a pipe such as large diameter pipe 210) and may be
used to capture and conduct geothermal heat generated from surface area of the rock. Examples
of such additional material include, but are not limited to, ball bearings, beads, wire or metallic
mesh, and pipes. Such additional material increases the conduction of the geothermal heat by

filling cracks and crevices in the rock surrounding the heat nest. By expanding the surface area
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of the rock surrounding heat nest 140 and using the additional material, you therefore expand the
capacity of the heat conductive material 100. The additional material itself increases the surface
area of conduction, meaning that geothermal heat conducted from the rock surrounding the heat
nest 140 is released over greater surface areas provide by the in&oduction of the additional
materials into the heat nest 140. The heat conductive material 100, injected into the heat nest
140 via the large diameter pipe 216, also fills these cracks and crevices around the additional
material and solidifies, adding to the conduction capabilities by way of increased surface area.
Thus, the heat conductive material 100 may be used in conjunction with such additional material
to take advantage of increases in the surface area of the rock surrounding the heat nest 140.  _

The present invention also contemplates, in another embodiment, that such additional
materials could be used without heat conductive material 100. Additional materials as described
herein also conduct geothermal heat from rock surrounding the heat nest to the heat exchanging
element 40. In an embodiment where the heat conductive material 100 is used together with the
additional materials as described here, the heat conductive material 100 bonds with the additional
materials and solidifies around them.

FIG. 3 illustrates a cross-sectional diagram for a well 110 in which the system of the
present invention is utilized. The bore hole 190 of the well 110 has positioned therein the one or
more upward-flowing pipes 60 and the one or more downward-flowing pipes 80. A space
between the wall 200 of the bore hole 190 and the one or more downward-flowing pipes 60 and
the one or more upward-flowing pipes 80 is filled with insulation 70. A large diameter pipe 210
is filled with the heat conductive material 100, such that the heat conductive material 100
surrounds the one or more upward-flowing pipes 60 and the one or more downward-flowing

pipes 80.
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As explained earlier herein, this heat conductive material 100 may harden but does not
expand, causing no pressure on the piping system 50 or heat exchanging element 40. Once the
heat conductive material 100 has been inserted into the well 110 and has hardened around the
heat exchange element 40 and piping system 50 in the heat nest 140, it will begin to heat up until
it becomes fully heated and reaches a temperature of the rock surrounding the heat neét 140 at
the bottom 90 of the well 110. As the heat conductive material 100 reaches this heat equilibrium
temperature, it exchanges the geothermal heat from the hot rock surrounding the heat nest 140 to
the heat exchanging element 40. The remaining portion of the well 110 is filled with insulation
_ 70 that keeps the heated contents hot as it travels up the well 110 through the one or more
upward-flowing pipes 80. This minimizes energy loss so the contents can be used more
efficiently for the generation of power at the top 180 of the well 110. Accordingiy, the heat
conductive material 100 operates as type of “heating track” which surrounds the heat exchange
element 40 in the well 110. This heating track maximizes the heat of the contents and extends
the heat exchanging element 40 into the hot rock creating the heat harnessing component 10.

More specifically, the geothermal heat from the hot rock in the well 110 heats the heat
conductive material 100 until the system achieves an equilibrium temperature. When the system
reaches the equilibrium temperature, the heat conductive material 100 shéuld be as hot as the hot
rock surrounding the heat nest 140. Therefore, as the contents of the piping system 50 enters the
heat nest 2140 it starts heating up immediately. When the contents reaches the bottom 90 it is
fully heated. As the contents travels back up the heat nest 140 it does not iose heat because the
heat conductive matérial 100 has reached the equilibrium temperature. Use of the heat
conductive material 100 within the well 110 ensures a system that uniquely maximizes the

transport of heat from the heat nest 140 of the well 110 to the top 180. The combination of a
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heat nest 140 and insulation 70 is especially effective for deep wells where the length of the well
110 causes heat loss.

It is to be understood that the equilibrium temperature may differ within each well and
for different contents depending on a variety of factors. For example, the type of rock present
within a well may be a factor in defermining the depth, size, and materials used in constructing a
heat nest 140 and the type and quality of the heat conductive material 100. The surface area of
the rock within the well influences the heat conductivity of the rock, yielciing different ranges of
temperatures for the equilibrium temperature. The equilibrium temperature may therefore be a
range of temperatures and may vary according to the heat needed to be obtained to heat the
contents to a desired point.

As an additional feature, the heat conductive material 100 provides additional stability to
the system, minimizing the effects of increased pressure and increasing the integrity and strength
of the heat exchanging element 40. More specifically, as the heat conductive material 100
hardens, it provides additional structural support for the heat exchanging element 40, the
hardened heat conductive material 100 provides structural support for the piping system 50 and
the one or more downward-flowing pipes 60 and the one or more upward-flowing pipes 80 that
are under pressure. Accordingly, the heat conductive material 100 adds to the rigidity of the
system. Furthermore, the heat conductive material 100 improves the stability of the system by
protecting system components such as the heat exchanging element 40 and the contents of the
piping system 50 from the caustic environment within the well.

Referring still to FIG. 1, the heated contents flow out of the heat harnessing component

10 and into the electricity generating component 20. More specifically, the heated contents flow
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out of the well 110 and into a thermal engine 120 positioned at the surface, where the heat from
the contents is used to generate electricity utilizing techniques well known in the art.

FIG. 4 is a flow-chart describing steps in a process for extracting geothermal heat and
generating electricity utilizing the system and method of the present invention. A well 110 is
drilled and cased vié bore hole 190, and the surface area of the rock at a desired depth is
increased in step 300. This step includes determining the appropriate location and size for a heat
nest 140 once the heat point 130 and bottom 90 of the well 110 are estimated. In conjunction
with FIG. 1 and 2, a heat nest 140 is built as in step 310 by inserting a heat exchanging element
~ 40 having the one or more downward-flowing pipes 60 flowing into a first side 150 and the one
or more upward-flowing pipes 80 flowing out of a second, opposing side 160 is placed into a
well 110 at a desired depth. The starting point of desired depth is the heat point 130 and is
determined as a function of the desired temperature to which the contents of the piping system 50
are to be heated, based on the type and surface area of the surrounding rock. The length of the
heat nest 140 determines the length of the heat exchanging element 40 and consequently the
configuration of internal components of the heat exchanging element 40.

Once the heat exchanging element 40 and piping system 50 have been installed in the
well 110, the heat nest 140 is completely filled with the heat conductive material 100 from the
bottom up as ini step 320. This is accomplished by injecting the heat conductive material 100
into the well 110 via the large diameter pipe 210. In an alternate embodiment, a third pipe is
inserted into the well 110 to pump the heat conductive material 100 into the well 110. The third
pipe is then slowly withdrawn from the bottom 90 of the well 110 as the heat conductive material
100 is pumped into the well 110, until it reaches the heat point 130. The well 110 is then filled

with insulation 70 from the heat point 130 to the top 180 of the well 110 as shown in step 330.
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Once the heat nest 140 has been completely filled with heat conductive material 100 and
the third pipe 210 completely withdrawn from the well 110, the heat conductive material 100
will begin to harden and heat up in temperature until the equilibrium temperature is reached,
thereby conducting geothermal heat from the hot rock surrounding the heat nest 140 at the
bottom 90 of the well 110 to the heat exchanging element 40 as in step 340. Once the heat
conductive material 100 reaches the equilibrium temperature, a fluid or gas is pumped into the
well 110, through the one or more downward-flowing pipes 60 and into the heat exchanging
element 40 as in step 350. This fluid or gas forms the contents of the piping system 50 and will
be geothermally heated within the heat excﬁanging element 40 to form a closed-loop, solid state
heat extraction system as in step 360. The contents are then drawn back up from the well 110 via
the one or more upward-flowing pipes 80. Insulation 70 injected in the well 110 helps to keep
the heated contents hot as it travels upward through the well 110, minimizing energy loss so the
heat can be used for the generation of power.

The heated contents then flows out of the well 110 and into the electricity generating
component 20 and the thermal engine 120 at the surface, where the heat from the contents is used
to generate electricity as in step 370 utilizing techniques well known in the art.

In an alternative embodiment, as discussed above, the system may include multiple,
additional materials used in conjunction with the heat conductive material 100. FIG. 5 illustrates
a cross-sectional, conceptual view of a well 110. FIG. 5 illustrates a heat nest 140 according to
the present invention in which several holes 220 have been drilled into rock surrounding the heat
nest 140 to increase surface area by filling the several holes 220 with the additional materials. In
FIG. 5, geothermal h‘eat flows from the cracks and crevices formed in the rock by drilling the

several holes 220. The present invention contemplates that, prior to building the heat nest 140,
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the surface area of the rock will be increased as much as possible to maximize the flow of
geothermal heat from the surrounding rock and into the heat exchanging element 40 via the heat
conductive material 100. Use of additional materials also allows more of the fluid to be heated
to a desired temperature and therefore more electricity to be generated.

In another embodiment, the system may include multiple, additional heat exchanging
components and/or heat exchanging elements with many different configurations of internal
components. Different configurations of the internal components of the heat exchanging element
40 are also possible. Increasing the time that contents of the piping system 50 are inside the heat
exchanging element 40 increases the amount of fluid or gas that can heated inside the heat nest
140. One such configuration is a helix formation in which the internal components are a series
of intertwined pipes. Other configurations such as twisted pipes as shown in FIG. 6 exemplify
the embodiment in which increasing the length of pipe (and, therefore, the distance contents must
travel within heat exchanging element 40) increases the amount of contents that can be heated.

It is to be understood that other embodiments may be utilized and structural and
functional changes me be made without departing from the scope of the present invention. The
foregoing descriptions of the embodiments of the invention have been presented for the purposes
of illustration and description. It is not intended to be exhaustive or to limit the invention to the
precise forms disclosed. Accordingly, many modifications and variations.a're possible in light of
the above teachings. For example, multiple heat exchanging elements 40 may be implemented
within a heat nest 140. Additionally, any configuration of a heat exchanging element 40 that
increases the time contents of the piping system remain in the heat exchanging element may be
utilized. Also, multiple bore holes may be drilled into rock surrounding the heat nest to create

more surface area, and such bore holes may be used to drill holes vertically, horizontally,
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diagonally, or at any angle to create more surface area through which geothermal energy may

flow. It is therefore intended that the scope of the invention not be limited by this detailed

description.
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CLAIM OR CLAIMS

1. A system for generating electricity using geothermal heat from within a drilled well,
comprising:

a heat harnessing component having a closed-loop solid state heat extraction system, the
closed-loop solid state heat extraction system including a heat exchanging element positioned
within a heat nest in a well and a heat conductive material inserted into the well to conduct

~ geothermal heat from the rock surrounding the heat nest to the heat exchanging element, wherein
the rock surrounding the heat nest heats the heat conductive material to an equilibrium
temperature determined by a surface area of the rock surrounding the heat nest, the equilibrium
temperature being a temperature at which the rock surrounding the heat nest and generating the
geothermal heat continually recoups the geothermal heat it is conducting to the heat conductive
material and above which the geothermal heat generated by the rock surrounding the heat nest
dissipates as the heat conductive material conducts heat from the rock surrounding the heat nest
to the heat exchanging element;

an electricity generating component including a thermal engine, the electricity generating
component receiving geothermal heat from contents of a piping component coupling the heat
harnessing component to the electricity generating component, the piping component including a
set of downward-flowing pipes and a set of upward-flowing pipes, the upward-flowing pipes
conveying contents of the piping component heated by the heat exchanging element to a surface
of the well and into tﬁe electricity generating component; and

insulation inserted into the well and substantially surrounding at least the upward-flowing

pipes at at least one position between the heat nest and the surface of the well to maintain a
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temperature of the contents of the piping system substantially constant as the contents of the
piping system are pumped to the surface of the well,
wherein the closed-loop solid state heat extraction system extracts geothermal heat from

the well without exposing the rock surrounding the heat nest to a liquid flow.

2. The system of claim 1, wherein the equilibrium temperature is increased by increasing

the surface area of the rock surrounding the heat nest.

3. . The system of claim 2, wherein at least one additional bore hole is drilled into the rock to

increase the surface area of the rock.

4. The system of claim 3, further comprising at least one additional material injected into

the heat nest, wherein the at least one additional material is at least one ball bearing.

5. The system of claim 3, further comprising at least one additional material injected into

the heat nest, wherein the at least one additional material is at least one bead.

6. The system of claim 3, further comprising at least one additional material injected into

the heat nest, wherein the at least one additional material is a meshed metallic material.
7. The system of claim 1, wherein the downward-flowing pipes are flexible.

8. The system of claim 1, wherein the upward-flowing pipes are flexible.
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9. The system of claim 1, wherein the downward-flowing pipes and upward-flowing pipes

each include a plurality of layers of wound corrosion resistant steel wiring.

10. The system of claim 1, wherein the downward-flowing pipes couple to a first side of the

heat exchanging element.

11.  The system of claim 6, wherein the upward-flowing pipes coupled to a second side of the

heat exchanging element.

12.  The system of claim 1, wherein the heat exchanging element includes a plurality of
capillaries.
13.  The system of claim 12, wherein the contents of the downward-flowing pipes are

dispersed through the plurality of capillaries after entering the heat exchanging element.
14.  The system of claim 13, wherein each capillary in the plurality of capillaries has a
diameter smaller than a diameter of the downward-flowing pipes, thereby allowing the contents

of the piping system to heat quickly as the contents pass through the plurality of capillaries.

15.  The system of claim 1, wherein the contents of the piping system are an environmentally

inert, heat conductive fluid that does not boil when heated within the heat nest.

-26-



WO 2009/151649 PCT/US2009/003592

16.  The system of claim 15, wherein the contents of the piping system is water.
17.  The system of claim 15, wherein the contents of the piping system is a gas.

18. The system of claim 1, wherein the heat conductive material substantially solidifies

within the heat nest after being injected into the area between the rock surrounding the heat nest

and piping system.

19 The system of claim 18, wherein the heat conductive material is grout.
20.  The system of claim 18, wherein the heat conductive material is molten metal.
21. The system of claim 18, wherein the heat conductive material is a ceramic.
22. The system of claim 18, wherein the heat conductive material is a mesh material.
23.  The system of claim 18, wherein the heat conductive material is plastic.

24, The system of claim 1, wherein after the heat nest is filled with the heat conductive

material, the well is filled with the insulation.
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25.  The system of claim 1, wherein the heat conductive material is injected into the heat nest
via a pipe inserted through a bore hole and withdrawn once the heat nest has been filled with the

heat conductive material.

26. The system of claim 1, wherein the heat conductive material stabilizes pressure on the

piping system and the heat exchanging element within the heat nest.

27.  The system of claim 1, wherein the equilibrium temperature is a range of temperatures

determined at least in part by a surface area of the rock within the heat nest.

28.  The system of claim 1, wherein the heat exchanging element has a helix shape in which
the piping system within the heat exchanging element comprises at least one twisted pipe to

increase the distance contents of the piping system flows within the heat exchanging element.

29. A heat extraction system for generating geothermal heat from within a drilled well,
comprising;:

a heat conductive material injected into an area within a heat nest near a bottom of a
drilled well between a heat exchanging element and rock surrounding the heat nest to form a
closed-loop, solid state heat exchange to heat contents of a piping system flowing into and out of
the heat exchanging element at an equilibrium temperature at which the rock surrounding the
heat nest and generating the geothermal heat coﬁtinually recoups the geothermal heat it is
conducting to the heat conductive material and above which the geothermal heat generated by

the rock surrounding the heat nest dissipates as the heat conductive material conducts heat from
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the rock surrounding the heat nest to the heat exchanging element, wherein the heat conductive
material solidifies to substantially fill the area within the heat nest to transfer heat from the rock
surrounding the heat nest and the heat exchanging element, the piping system bringing the
contents of the piping system from a surface of the well into the heat nest and carrying heated
contents to the surface of the well from the heat nest , wherein the closed-loop solid state heat
extraction system extracts geothermal heat from the well without exposing the rock surrounding

the heat nest to a liquid flow.

30.  The system of claim 29, wherein the equilibrium temperature is increased by increasing

the surface area of the rock surrounding the heat nest.

31.  The system of claim 30, wherein at least one additional bore hole is drilled into the rock

to increase the surface area of the rock.

32.  The system of claim 31, further comprising at least one additional material injected into

the heat nest, wherein the at least one additional material is at least one ball bearing.

33.  The system of claim 31, further comprising at least one additional material injected into

the heat nest, wherein the at least one additional material is at least one bead.

34.  The system of claim 31, further comprising at least one additional material injected into

the heat nest, wherein the at least one additional material is a meshed metallic material.
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35. The system of claim 29, wherein piping system includes a set of flexible downward-
flowing pipes that carry the contents of the piping system into the heat exchanging element, and
a set of flexible upward-flowing pipes that carry the contents of the pipiﬁg system out of the heat

exchanging element.

36. The system of claim 35, wherein the downward-flowing pipes and upward-flowing pipes

each include a plurality of layers of wound corrosion resistant steel wiring.

37. The system of claim 29, wherein the heat exchanging element includes a plurality of

capillaries.

38. The system of claim 37, wherein the contents of the downward-flowing pipes are

dispersed through the plurality of capillaries after entering the heat exchanging element.
39. The system of claim 38, wherein each capillary in the plurality of capillaries has a
diameter smaller than a diameter of the downward-flowing pipes, thereby allowing the contents

of the piping system to heat quickly as the contents pass through the plurality of capillaries.

40. The system of claim 29, wherein the contents of the piping system are an

environmentally inert, heat conductive fluid that does not boil when heated within the heat nest.

41. The system of claim 40, wherein the contents of the piping system is water.
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42.  The system of claim 40, wherein the contents of the piping syStem is a gas.

43. The system of claim 29, wherein the heat conductive material is grout.

44. The system of claim 29, wherein the heat conductive material is molten metal.

45. The system of claim 29, wherein the heat conductive material is a ceramic.

46. The system of claim 29, wherein the heat conductive material is a mesh material.

47. The system of claim 29, wherein the heat conductive material is plastic.

48.  The system of claim 29, wherein the heat conductive material stabilizes pressure on the

piping system and the heat exchanging element within the heat nest.

49.  The system of claim 29, wherein the equilibrium temperature is a range of temperatures

determined at least in part by a surface area of the rock within the heat nest.

50.  The system of claim 29, wherein the heat exchanging element has a helix shape in which

the piping system within the heat exchanging element comprises at least one twisted pipe to

increase the distance contents of the piping system flows within the heat exchanging element.
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51. A method of generating electricity using geothermal heat from within a drilled well,
comprising:

extracting géothennal heat from rock surrounding a heat nest positioned at a location
within a well by injecting a heat conductive material into the heat nest to surround a heat
exchanging element to form a closed-loop, solid-state heat extraction system, the heat conductive
material exchanging geothermal heat from the rock surrounding the heat nest to the heat
exchanging element to heat contents of a piping system, the contents heated within the heat nest
at an equilibrium temperature at which the rock surrounding the heat nest and generating the
geothermal heat continually recoups the geothermal heat it is exchanging with the heat
conductive material and above which the geothermal heat generated by the rock surrounding the
heat nest dissipates as the heat conductive material exchanges heat from the rock surrounding the
heat nest to the heat exchanging element;

insulating the piping system at at least one point between the heat nest and the surface of
the well to maintain a temperature of the contents of the piping system substantially constant as
the contents of the piping system are pumped to the surface of the well; and

pumping the heated contents of the piping system into an electricity generating
component after the heated contents of the piping system reaches the surface of the well,

wherein the closed-loop solid state heat extraction system extracts geothermal heat from

the well without exposing the rock surrounding the heat nest to a liquid flow.

52. The method of claim 51, further comprising increasing a surface area of the rock

surrounding the heat nest to increase the equilibrium temperature.
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53.  The method of claim 52, further comprising drilling at least one bore hole into the rock

surrounding the heat nest.

54. The method of claim 53, further comprising injecting at least one additional material in

the heat nest, wherein the at least one additional material is at least one ball bearing.

55.  The method of claim 53, further comprising injecting at least one additional material in

the heat nest, wherein the at least one additional material is at least one bead.

56.  The method of claim 53, further comprising injecting at least one additional material in

the heat nest, wherein the at least one additional material is a meshed metallic material.
57.  The method of claim 51, further comprising pumping contents of the piping system into
the heat exchanging element in a set of flexible, downward-flowing pipes and out of the heat

exchanging element in a set of flexible, upward-flowing pipes.

58. The method of claim 57, wherein the downward-flowing pipes and upward-flowing pipes

each include a plurality of layers of wound corrosion resistant steel wiring.

59.  The method of claim 57, further comprising dispersing the contents of the piping system

into a plurality of capillaries coupled to the piping system within the heat nest. |
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60. The method of claim 59, wherein each capillary in the plurality of capillaries has a
diameter smaller than a diameter of the downward-flowing pipes, thereby allowing the contents

of the piping system to heat quickly as the contents pass through the plurality of capillaries.

61.  The method of claim 51, wherein the contents of the piping system are an

environmentally inert, heat conductive fluid that does not boil when heated within the heat nest.
62.  The method of claim 61, wherein the contents of the piping system is water.

63.  The method of claim 61, wherein the contents of the piping system is a gas.

64.  The method of claim 51, further comprising injecting the heat conductive material into

the heat nest, the heat conductive material substantially solidifying within the heat nest after

being injected into the area between the rock surrounding the heat nest and piping system.

65.  The method of claim 51, wherein the heat conductive material is grout.
66. The method of claim 51, wherein the heat conductive material is molten metal.
67. The method of claim 51, wherein the heat conductive material is a ceramic.

68. The method of claim 51, wherein the heat conductive material is a mesh material.
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69.  The method of claim 51, wherein the heat conductive material is plastic.

70. The method of claim 64, wherein the injecting the heat conductive material into the heat
nest further comprises inserting a pipe through a bore hole and withdrawing the pipe once the

heat nest has been filled with the heat conductive material.

71.  The method of claim 51, wherein the extracting geothermal heat further comprises
forming a shape of the heat exchanging element into a helix, in which the piping system within
the heat exchanging element comprises at least one twisted pipe to increase a distance contents

of the piping system flows within the heat exchanging element.

72. A method of extracting geothermal heat from within a drilled well, comprising:

détermining a type of rock at a depth of a well, a surface area of the rock at the depth of
the well, and a heat conductivity factor of the rock at the depth of the well;

increasing the surface area of the rock at a desired point in the well between a heat point
of the well and a bottom of the well;

forming a heat nest within the well beginning at the bottom of the well and ending at the
heat point of the well, ;

injecting a heat conductive material between rock surrounding the heat nest and a heat
exchanging element within the heat nest to form a closed-loop, solid-state heat extraction system
to exchange heat from the rock surrounding the heat nest to the heat exchanging element to heat
a contents of a piping system flowing into and out of the heat exchanging element at an

equilibrium temperature at which the rock surrounding the heat nest and generating the
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geothermal heat continually recoups the geothermal heat it is exchanging with the heat
conductive material and above which the geothermal heat generated by the rock surrounding the
heat nest dissipates as the heat conductive material exchanges heat from the rock surrounding the
heat nest to the heat exchanging element; and

insulating the piping system between the heat nest and a surface of the well, wherein the
closed-loop solid state heat extraction system extracts geothermal heat from the well without

exposing the rock surrounding the heat nest to a liquid flow.

73.  The method of claim 72, wherein the increasing the surface area of the rock surrounding

the heat nest increases the equilibrium temperature.

74.  The method of claim 73, wherein the increasing the surface area of the rock further

comprises drilling at least one bore hole into the rock surrounding the heat nest.

75.  The method of claim 74, further comprising injecting at least one additional material in

the heat nest, wherein the at least one additional material is at least one ball bearing.

76.  The method of claim 74, further comprising injecting at least one additional material in

the heat nest, wherein the at least one additional material is at least one bead.

77.  The method of claim 74, further comprising injecting at least one additional material in

the heat nest, wherein the at least one additional material is a meshed metallic material.
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78.  The method of claim 72, further comprising pumping the contents of the piping system
into the heat exchanging element in a set of flexible, downward-flowing pipes and out of the heat

exchanging element in a set of flexible, upward-flowing pipes.

79.  The method of claim 78, further comprising dispersing the contents of the piping system

into a plurality of capillaries coupléd to the piping system within the heat nest.
80.  The method of claim 79, wherein each capillary in the plurality of capillaries has a
diameter smaller than a diameter of the downward-flowing pipes, thereby allowing the contents

of the piping system to heat quickly as the contents pass through the plurality of capillaries.

81. The method of claim 72, wherein the contents of the piping system are an

environmentally inert, heat conductive fluid that does not boil when heated within the heat nest.
82. The method of claim 81, wherein the contents of the piping system is water.

83.  The method of claim 81, wherein the contents of the piping system is a gas..

84. The method of claim 72, wherein the heat conductive material is grout.

85.  The method of claim 72, wherein the heat conductive material is molten metal.

86. The method of claim 72, wherein the heat conductive material is a ceramic.

-37-



. WO 2009/151649 PCT/US2009/003592

87. The method of claim 72, wherein the heat conductive material is a mesh material.
88.  The method of claim 72, wherein the heat conductive material is plastic.
89.  The method of claim 72, wherein the injecting a heat conductive material into the well

further comprises inserting a pipe through a bore hole and withdrawing the pipe once the heat

nest has been filled with the heat conductive material.

90. The method of claim 72, wherein the insulating the piping system further comprises

insulating the piping system at at least one point between the heat nest and surface of the well.
91. The method of claim 72, wherein the equilibrium temperature is a range of temperatures.
92. The method of claim 72, wherein the extracting geothermal heat further comprises
forming a shape of the heat exchanging element into a helix, in which the piping system within
the heat exchanging element comprises at least one twisted pipe to increase a distance contents

of the piping system flows within the heat exchanging element.

93. The system of claim 2, wherein the surface area of the rock surrounding the heat nest is

increased by fracturing the rock surrounding the heat nest
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94..  The system of claim 3, further comprising at least one additional material injected into

the heat nest, wherein the at least one additional material is a heat rod.

95.  The system of claim 30, wherein the surface area of the rock surrounding the heat nest is

increased by fracturing the rock surrounding the heat nest

96.  The system of claim 31, further comprising at least one additional material injected into

the heat nest, wherein the at least one additional material is a heat rod.

97.  The method of claim 52, wherein the increasing a surface area of the rock surrounding
the heat nest to increase the equilibrium temperature further comprises fracturing the surface area

of the rock surrounding the heat nest.

98.  The method of claim 53, wherein the drilling at least one bore hole into the rock
surrounding the heat nest further comprises injecting at least one additional material injected into

the heat nest, wherein the at least one additional material is a heat rod.
99.  The method of claim 73, wherein the increasing a surface area of the rock surrounding

the heat nest to increase the equilibrium temperature further comprises fracturing the surface area

of the rock surrounding the heat nest.
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100. The method of claim 74, wherein the drilling at least one bore hole into the rock
surrounding the heat nest further comprises injecting at least one additional material injected into

the heat nest, wherein the at least one additional material is a heat rod.
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