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Not applicable.
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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.



never produced oil or gas, usually remai n abandoned
and/ or unused and may eventually be filled. Such wells
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well's. Both nethods require that polluted dirty water
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water injected into a well perneates the Earth as it
wells ta the slifacey erhervoatér wed fatthese systemisiisibxtremely 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



under the Earth's surface, becom ng polluted, caustic,
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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



is converted into gas/steam The heated fluid or
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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.



Accordingly, prior art geothermal systens include a
punp, a piping systemburied in the ground, an above
w@e@ansiceat transfer device and trenmendous qUBEIL/UE108%003592
of mater that circulates through the Earth to pick up
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state heat extraction system The closed-|oop solid
heat exghangingedement; The rodrsusipypdingithcheagaest hepts élie heat conductive material

exchangi ng el ement positioned within a heat nest in a
to an euiilibriu temprraturecdstetounéd/oy asuréaceakea 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



inserted into the well to conduct geothermal heat from
the rock surroundi ng the heat nest to the heat
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i nvention discloses a heat extraction systemfor
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.



generating geothermal heat fromwthin a drilled well.
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heat conductive material exchangi ng geothermal heat
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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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 loop 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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exemplary embodiments illustrating the principles of the present invention and how it may be

the pr;

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



FIG 2 is a close-up view of a heat exchangi ng el enent
according to enbodi nent of the present invention;FlG

W(2009/151687 0SS- sectional view pipes in a bore hpCEHUSI002003592
wel | according to one enbodinent of the present

invention; FIG 4 is flow ch owi ng ste
geothermahbent figm brtTerkareas g ortem o0 of @9 “55(:1&% hdte afélangmg element
enbodi rent of the present invention; FIG 5 is a
40. The prssens daventiorm Rlso inahndss aDipieE sysien Neeamprased of one PHMOEE
to one enbodi nent of the present invention; and FIG 6
downwardafloviag pims GDiand ane vr mwrotipwardefidwing piyses @iOn Thelpgpirgtystem’s 50
according to one enbodi nent of the present invention.

conter@EfrﬁH-p%@ fdavaid BTthedhrice by pudYENg nfddhanisrh 30, fneludeyh Reat

escrlptlon of the present invention reference i s made

condu{:ﬁv ve flu ]d%‘f‘ %%%E?ﬂﬂeﬁ? gﬁ{)@%ﬂ ﬂ%%\l&%@ﬁ g(;bpf V\ﬁ%ﬁh?arfﬁa{aﬁnes heat to the surface

ot 5 Bt SR A A b 20w

practiced. It is to be understood that ot_her )
convegpheatiipterclestigy) enagyit The theamalengingck20asay elyde a8 slpctric turbine and
i nvention and structural and functional changes may be
a genargtde Thepiping systehnod cappesrthe heat hamessihgcaupendi0 amkthe electricity
present invention. The present invention economcally

generaﬁi’h@ ®hfpoatraol tygetherduct s .geot hermal heat from deep
wthin a well to the surface of the Earth, and then

Ughe dB@h@aﬂﬁﬂ&b gﬁ‘ estBRind!tRe GRS SRl qulét@d biped 80 Bf the piping
cl osed-1 oop, solid-state system This closed-I oop,

systen? gb Ingayso AhSuadd Wil iHSSI ﬁlneeé; Elrn f\éi' E)Yth@ﬁownward-ﬂowmg 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.

-10-



heat flow rather than by water flow, so that it does
not require large quantities of water separately

WO pgoeasesdd i nto the well. Referring to FIG 1, PEEUS2009/003592
present invention includes a heat harnessi ng conponent

1 nd an electricit engratjng canponent 20. As ..
s ﬁaﬂm&ﬁhp PAmPINg MARHeRLR St M@gﬂmgg SHHTB ﬁénfontents of the piping
i ncludes a heat exchangi ng el enent 40, and a heat
systera §Rdwhichveayg @ heaticondtivp Auid eamprised of Havideargas, inpiped downward
fromhot rock near a bottom 90 of the well 110 to the
througietiie oax oh ange dgwaverdefidwid@ pipkls ©0pnd setoithe wek il 0.oThakadents are
i ncludes a piping system50, conprised of one or nore

pump€@dowaward thRwigh IhPbRESr ROreaTdN WM BipeSBO %o a level of the well 110 where
upwar d-fl owi ng pi pes 80. The piping system s 50

there %E%E%ggﬂéa%’t gg%mpl.?lﬁaé lfl%%q})ﬁqgﬁifﬁcfeﬂ?to aE ﬁ%%o??én@. Wié)gvgst depth

nrsm es a heat conductive fluid or

wherd (B2 ey BPRpr Bl ki o B egeri O3 Ryeed B hABoe i neat poin

enerati ng conponent 20 includes a thermal engine 120
130, afthough ¢ dsyrderstogrbthat thetegs gethermal heatat gragy levelieand this geothermal
t hermal engine 120 may include an electric turbine and '
heat bgcepegrsater as thheepthpifithe wold il é0rirgoeasens plhesarehbetiween the heat point 130
har nessi ng conponent 10 and the electricity
and thegmitefro®0 afithe avglorierit c2:dt thg hediakest 1RO
downwar d- f| owi ng pi pes 60 and the upward-fl ow ng

! ﬁ%@'h@&te&cﬁ&{%x% 86meht 4078 pBsibbREH FIVAL 883t 285tV aP§ point between the
i nsulated with 1nsulation 70. The di aneter of the

r g ' [ -l owi . :

et R 8 SRR WA 5 D HhAR ggpang o o
vary, and, should be determ ned ip accordance with the

are cogﬁgéit? i%&ls ppzﬁ\ﬁxg&?g} et 4@&3 g glat mﬁﬁ lgﬁdﬁlﬁg‘mg the contents to pass
enbodi nent, the downward flow ng insul ated pipes 60

througihthethisat axshensing elomenio?Q ors thiedirsicridsi [sofibe has exchanging element 40.
integrated into a single elenent, to the fullest

The heatteanhangirgselement 40ndraws geothamnsal hpdtiffom ihesEatt wtingthe 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.



hi anot her enbodi ment, the one or nore
downwar d- f | owm ng pi pes 60 and the one or nore upward-
wo bawitpig49 nsul at ed pi pes 80 are made of a fl exP@i/852009/003592
material and can be spooled into the well. The piping
sgﬁten150 is therefore flexible and conprised of i
s&he heat ngstrldris penstragted ot d fesirsdslgrthitics disurasecspaplihe surrounding
steel wiring and | eak-proof thernoplastic polyners
rock hasibéenaigcigaseddt lkpsuwre eyaxpoimadenperatute archfldwof Ru@herind heat generated
nunber of |ayers used in any one particular pipe in
by thelrbek. PARiafigtysoftteHRi s Witdussrd hdedial mhybelemploged tigtiease surface area
of the depth of the well and pressure/tenperature
of the rrﬁngé“ ﬁl@ﬂ@iﬁfx% thd dulfagd 3a b theRYOPENAr FRREAY SN RuAuilibrium
the piping System 50, contents of the piping system
5 whi.ch mav b ctive id co [ f.
tempeitigt 4o S o oF Bl GRRHER i Myl IR R Gpnto the hea
npre down d flqw ng pipes 6 nd into the well 11 .
condugiye wateiahl ,a%lgapla ﬁ%@&e@ Slirmiae cRtReEhgHo 18 Ferpgted Therefore, it i
nore downward pipes 60 to a |level of the well 110 .
an objgpiérecofithe preseny inyegtipn te msreagebeserfaes arpeaf the kegk usrounding the to-
sufficient to heat the contents. This | owest depth
be-builtemendsh @40 as stuch pppoysibile tae dbimgtsoiimpernves hedtdlosdfrainl the rock to the
be referred to hereinafter as the heat point 130,
heat c8hdutaiveg haltdrial 300 frlBe hegastchdiding Element 40 ©@aRE BATtERS of the piping
heat at many |evels and this geothernmal heat becones
Syﬁmgggater as the depth of the well 110 increases. The
area between the heat point 130 and the bottom 90 of

t he wel 10. is cal l.ed the heat .pnest .14Q. The he
o S5 ARharotinkhafife Y5 ke 88 b eSO o A B ethe pock
140 at a point between the heat point 130 of the well
surround g the heatmesh o sirats cracks apd|creviogs thafggpand the surface area. The present
downwar d- f| owi ng pi pes 60 are coupled to this heat
inventéxcérenplgtes taterany 40ys of &atturisg thy ek 15y, beaiskdinelyding through
the contents to pass through the heat exchangi ng
hydroeftrspap] théddhghrdrillngs Hare dbles iituliifle diredtivs Aeadéscribed herein, and

~exchangi ng el ement 40. .
generally any current or future method of breaking or fracturing 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



The heat exchangi ng el ement 40 draws geot hermal heat
fromthe Earth using the heat conducting material 100
~wadoehsiomt er f aces with the hot rock surroundi nBCT/i82009/003592

heat nest 140 and uses this geothernmal heat to heat
the contents as they pass_through the heat exchang

heat istransiartedamt alpn halew dhnRANHHOTBIN [eRBesatEres ﬂww@wf\neﬂq extraction will be
sinply draw a heated fluid froma well to the top

continmalk fnelcsteadgnidieteliane austéady statahdag axtravgionIsystemtis achieweder
to further heat the fluid at the surface |evel, the

PHR&EEchanpifd tleMieniRa@néraHy ARAlevees baigfon Gfﬂi:h@mheét téhdsfer which
actual Iy contai ned deep W|th|nthe well 110 itself.

typlca}rg‘%rahgf% h@%?@ggh@ﬂuﬁl t@ﬁﬁ eﬂ%tﬁﬂ%eﬁtr@(cﬂﬁ?gtmgél@gﬂéﬁ{s'tlY&efore

teri a rma cl osedl oop, sol Id stat'e extraction

featurg?xglé.\écghf)\g dn whlrl'r Hl(ljl% cgv{{ oszo)&gﬁ heIer les gys teg{]exchgﬂ(éng element, with
one ﬂbydg'gtéﬁ%éthg]ovlam%? ecygégéalmdéw %gefﬁlgangtgg Q&%&e{eggg&qeczsste? Some examples

constructed at a desired depth after a surface area of
includeHntexgplesy pa-hepterschoilgssanseondensersdapeower plaaisur e

maxi mum t enperature and fl ow of geot hermal heat

g €@ Atseddibgratmhshomwiegk the Aeataaxichinging elemehtdQuidized in the present

di scussed herein, may be enpl oyed to increase surface

inven@6:£ 3A Heatt é?&hirfg@ﬂfg eleMehfBdNe bRestUichRTRi@wairPhe chBed-loop,
rock ensures a steady, continual equilibrium

stead}{ ﬁﬁ@ Fledt &mc@&ps% 111% i) {ﬁfe Iﬁ)g@sgﬁﬂﬁ(/&ﬁi I'bg'aat hdaf 8%, rather than

e surroundi ng to t heat con

. IS i ect after the heat .

a ﬂulcﬂﬁaw- Frapmnne e l%weqf” bt o B e Hanggloment working
present. i nvention to |ncrease the surface area of

atSteﬁdB(e*t?r‘t%ERn‘%}H?‘P, HERRAG t he tobe- built heat nest 140 as

much as possible, as doing so inproves heat flow from
nx=0t he rock to the heat conductive material 100 to the

heat exchanging el enment 40 to the contents of the
wherepi pi ng

p=mass flow of the i-th fluid

x= 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-



system 50. One nethod of increasing the surface area
of the rock is by fracturing the rock surroundi ng the
whe@v/ 153 to create cracks and crevices that BXPESIN0I/003592

the surface area. The present invention contenplates

that many ways of fracturing the rock may be. used, )
heat em@pgmg%emﬂnéggmmqmrrsa of ay HTHE whigh wilizes p pegenerative and/or

bore holes in nultiple directions as described herein,
evapoeaticre glesign.al Rygadigscofithe nonfoguriticnuofdeatdichangihg tlemaki wsgd, the

or fracturing rock deep under the Earth's surface.
preserdev@nelbfl gbitemblatesabiati fluid padsingt thraugh akid et escHahiging element 40 is

tenperature, or range of tenperatures in one

heatecEHPR HE4TeHw @d@rét&ﬁb? ¥Rtk &g o tReinM e frd ‘i"ocﬁ(r £$®1hding the heat

I nvention at whi ch geot hermal heat heating the

ncﬁ1&§ﬂ%ﬁ£{ﬁggﬁgpﬂ$opkgkﬂgsﬁxgéﬁﬂi50 equal s the rate at

rock suppl yI hg e geot hermal heat
nsferr

recoups, or, re-generates, the.heat it js tr In
oFf it shor el it exchaeintortementOaeloBR Blupgily of smaller
_equilibriumtenperature, geothermal heat in the hot
capillgrigsd 7 {Tihe santgats|cates thedreatipxchppging glement| 49 from thg @ne or more
tenperature of the heat extraction deteriorates. If
downyemit fiewing| pipest60i, whereahsfther didpaysed, 8pwaong theduplv eableof the plurality of
equilibriumtenperature, the rate of heat extraction

smallé¥idapillagies DTU. | Theedapaidies 1| %@ﬂiﬁg_ﬁehﬁiﬁﬁéﬂhﬁm theIn@dd Yndré db®nward-
heat extraction systemis achi eved. Heat exchangi ng

ﬂowirﬁg e;gp@ﬁ@ @&%%%leé’ (1Y ﬁuﬁgg ft‘}%?ﬁ}éhl«:% ! ?@ﬁgﬁﬁi%&ﬁ Sikiler diameter than

ansfer I Ch typi rans rom one
fluid tq another. Such he exchangi n | ement .
the onfeiof migrs ARt P v merhipgS Bt STt g i B ofignty g gat more quickly
. throuygh t si des  of the heat exchanging element, wth
as it pagses #FQH&’&‘V\{EE aﬁmﬁwsﬁg Oot 3k erphwca?aém&%a@ pyergld gffiGagy of the heat
many engi neering processes. Some exanples include
exchanging elepting #Q., Iipanethes embodiméngi the cembingd dlomdefibe capillaries 170 of the
power pl ants.
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.

It is 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



FIG 2 is a diagramshow ng the heat exchangi ng
el ement 40 utilized in the present invention. A heat
wez@hasging el ement 40 of the present heats flBETUS2009/003592
within the cl osed-1oop, steady state heat extraction
system according to the_present invention by a heat
paralli bt CichRRRSTs RHASF Vet ARV PXEPNEESD| Iﬂaﬂﬂg%%aﬂge Fmbegiments, any
. law of thernodynanics to a heat exchanging el ement
of theptypengf exchangessipay beutilizeshdh priowry eensgleration: in gesigning the heat
where, m= mass flow of the i-th fluid c= change of
exchaagiagieldntent 40 el b toendubeits effividnt operafied erder hight tompbiature/pressure
2, the heat exchanging elenment 40 is shown as a

condifibRS Fulrhel a9 3hiclENdah 8 dBhgin B eldiénb 40 @atizdd iWBe present invention must
perpendicular to the fluid which needs to be heated,

. -t s over/around the
be S‘Zgggdr:%{n‘ggfr’“ﬁ tﬁgg&gg{roééei%ﬁﬁgﬁ gisl?gbt ion, thereby
heat i n he,fluid 230 which f.l.o0 hrough from a .
gl e el nea R e et S hleion 6eMch 4 may include
... enmbodi nent, the heat. exchanging el enent 40 of the
differgpt dfemps despEnsd o BrRximizg the ypeuntpEheat tapsiraed ind Hiepipiag system 50
("HTHE") conprised of a recuperative type "cross flow'
withihgtheataxichangng elementdto Heatthd sontentsan guicheaipossible.
either side of a dividing wall. Alternatively, theheat
estitiaofermive © FIGN] tie@newy nmvee apwprdi Bewingfpiss 86D 1he piping system
which utilizes a regenerative and/or evaporative

50 aréj&ﬁx'?ga@l- to HRJRdat bRshan S g leten &8 b WhaEERN, 8fpdiRflside 160 of the heat
exchangi ng el enent used, the present invention

Lui :
xR SIRNGR 9 THEbpl O RRE A QYA OB e s comes
from %%éﬁ%g@.@gi E?{Jilgg{ 4d’ g’xdgoer%}ghtﬁer: i'lrglelxte(s1 ggr&ter];tg g{)nwglr%ctllfom 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.

InAone 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



nest 140, rather than a flow of nore than one fluid.
I n anot her enbodi nent, the heat exchangi ng el enent 40
w0 p@basikedd a plurality of smaller capillaries 1FOT/US1969/003592

contents enter the heat exchanging elenment 40 fromthe

one or nore down d-flown I pes 60, where it is .
pUmpipg SFCHRUHB et the i ﬁgmpmea ﬁlgrﬁﬁg%ew saft%eﬁm fﬁﬂlﬁpﬁ%ﬂs

of smaller capillaries 170. The capillaries 170 may be
environmieptally ingrhend ¢pusesno yvirgpmentabispuesshenld whapippigoestesnd0 break.

For exanple, the plurality of capillaries 170 may have

aRefendingestilDiodfies. @ rant kansttuctomnfa gystemmecording to the present invention,

downwar d- f| owi ng pi pes 60, thereby allow ng the

once tROPipBIY steth H@akd haut exaﬁhgihgme_@senit 40 RASHAS ihdiIRddh thdell 110, the
capillaries 170 - and thereby increasing the overa

|
heat n&dt 146 %&’on%letieﬁgﬂ@ﬁitﬁ gw}gllpgétiﬁée%gferiﬂﬂ 00, oA A %ﬁéat

enbodi nent’, I ne oW O capl ari es

of the h exchangi el £ t 4 st, be le to .

conduSiysastia: 10 oCHT e oS Da s o e el T bl 110 s filla

. .nmore. downwar d-fl ow n%, pi pes .60 and the one or pore .

with ingylatiog 70 diegatromnductays matgrighdil Ognwst haye hea sepdwstive properties and
t he heat exchangi ng el ement 40 may be conprised of a

allow itite hondiand$odidlifyvidlh gt heavhest 40y Theheatibenhstive majeriak 100 is
formed froma high tenperature nickel based alloy or

desigried to tdtain aad @ehduct hedt lefficismaly, mahrain#gta tibstaatigly@nstant temperature
element 40 is able to operate efficiently under high

throughSHBE BLAHREPTAS SEHethea OHHALERRMatMRS1ED0onndi€the hot rock
thi ckness of the titaniummmay vary in accordance wth

| I " o .
surroffiif e fies BER4E 1 A RhBER B inC B Lo BB T i harmessing
understood that there are other types of heat
comp%?etng(ﬁgi ng el ements 40 known in the art which may al so
be used in the present invention. Exanples include but
albe heat cpndyctize masgrial 409 vsedra she preean iyentommay dake many forms.
reverse flow heat exchangers. In alternative
Generalih ady selstance anynaterial 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



of these types of exchangers may be utilized. A

primary consideration in designing the heat exchangi ng
web@oaste4910 will be to ensure its efficient opPCHUSZING/003592

under high tenperature/pressure conditions. Further,

any such heat, exchan el.e t O . utjlized in th
of the,Jpgls gHFoy Mqabﬂesﬁﬁ%@ apbusing B adgitione! theﬂiglm Yo thegifpre expand the

hol e 190 of the well 110. Additi onall the internal
capaciy of redieat cafductiee inaterialehQdh ahgi adgltmneﬁ@ﬂtenﬂbltwhfymcreases the surface
include different fornms designed to maxi m ze the
area odigondhictioh, theating thangéathersdl hewt condetql fporn ghsyosk sunr&ihding the heat
wi thin the heat exchangi ng el enent 40 to heat the

nest 13074 ﬁ'[@a%e@évdi%&t&%uﬁ@é&érb&s%roﬁﬂb oy tn@i‘n%auagmt&f the &dditional
1, the one or nore upward-flow ng pipes 80 of the

mate lﬂnﬂgt}éﬁgﬁﬁfgs? P4’ Bheé I%lépl:cﬁfélurz@vg Bﬁte&@ﬁ% O)ﬁg ?&Qﬁirﬂﬁ the heat nest

e enment on an secon opposi ng sI

140 vi3 %simgﬁﬁ%fn&%?ﬁ@ (B pls s RiSs BlacFP i ?%%%%%{?un%e%ddnwnal

exch q ment 40 and bring the heated contents
matermémg &0 f<f g?ﬁ’ @&@n& &athesendyctipn sapabibitics Byayay aficregsedisurface area.
top 180, or surface. The bore hole 190 fromthe heat
Thus, 3¢ heat tgaductive matariah 10@magibetused inedanjuncion svithowph edditignal material
insul ated to prevent heat |oss. The heat exchangi ng

to take laévantigedT indreasih i thie purfgeedived efthd todkuffoandihg siechdaomgat 140..
that separates the contents fromthe environnent

C mtﬂr&gntameé}mneilﬁ dbn?éﬁ’{ﬂlﬁt‘ég‘ B RhéthtyerhbdBREhtY Y §Jcﬁrﬂddltlonal
one enbodi ment, the fiuid that needs to be heated

mater‘a% % Egs.lﬂe%ﬁ\glt t‘f'ﬁaﬁ co[qﬁlt?ctﬁfg gﬁa?éplaﬁ 166 Aﬁcﬁg&uﬁ AlEaQerxals as described

mze o carr

eofsch lui.d is antifr in i
herenh%]?%tﬂ%ge U@@abflemg} ockomp TR HEs B8t i the beay exchanging
Further, the fluid should not have any corrosive
elemept dphein sreembegimnenhwhers tls hest consugtivometsnist FQbis userbtogether with the
pi pi ng system 50 needs to be
additional matenials 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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resistant to the fluid. Moreover, the fluidis
pressurized within the piping system50 so the system

- Weh@ahisicie abl e to withstand pressure generat ePICDhYS100€003592
depth of the well 110 and thepunpi ng nmechani sm 30, as

the fluid is _ punped through the system The fl uyid used
i As enxplpingA mﬁaﬂgqu, H¥ heal Ganquctive malisiab AQY Fap harsteqbut does not
i ssues should the piping system 50 break. Referring

expanddabising oo PreSsurt carthie piping system 5k oohea exghangimg sasrnd #Ag Once the
to the present invention, once the piping system 50

heat céidhicle@inatoraha0@habeeh éiserted #io dreewéllll 1 ¢ andisdsdlakdesied around the
the well 110, the heat nest 140 is conpletely filled

et o R O B A noot 140, P "o vp vt

. rest.af .t ' i \

it becdf ol ke 68 Sl bRt B e Y0k Wirolo il nest 140 a
have_ he co tive operties and all it to bond S

the bojiis Lh1 e PPl niAS REoaRa Ut Mesgral T ripshfs (R Heat equilibriom
conductive material 100 is designed to retain_ and

tempegaswiguit exehangestheigepthammal heptefrom dhhotgoek surpsindingithg heat nest 140 to
constant tenperature throughout the heat nest 140. The

the hehieatchanginigiclemeat 4t Ehd @imaiiog porivamf she well b isrfaddd with insulation
surroundi ng the heat nest 140 to the heat exchangi ng

70 thatkedR ke HéhtedEodddritsBotta &t thpats Upatheestl NQ tERNpR fiedneld more

The heat conductive material 100 used in the present

upwardl %ﬁg)gpég% tm@mmﬂﬂlgzheg ?hg%ﬁ 16816 1tRd LohteriéWan be used more

subst a ~or materia ducts heat at the

.t ratures required w t.hi.n 11

e B RBalReL S0 TN e Y, At e v
are not |imted to grout, enhanced out | astj c,

condugtiyemetesial S0 apRseids ELPRAPE eatipe frapk rihigh sEeynddhe hgat exchange
exanpl e copper, or any conbi nati on of these.

elementidld tn thaavdllyl 10; hiphesting traclnmanimiges theheatrgsithe eanterigend extends
one or nore additional materials

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 mateﬁal 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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may al so be injected into a well 110 (via a pipe such
as large dianeter pipe 210) and may be used to capture

_ Wanaasmwduct geot hermal heat generated from sup€EUS2009/003592
area of the rock. Exanples of such additional materi al

include, but are not limted to, ball beayings, beads

heat negt 140 and jpsulatipp 40 igespecialiy eipqive fordren uellsipiess e length of the well
mat eri al increases the conduction of the geothernal

110 caweastheby/loks.| | i ng cracks and crevices in the rock
surroundi ng the heat nest. By expanding the surface
areanfbd Wiklefstsdd thatthe equilibguinaampeaasire kg diffier wishingach well and
the additional material, you therefore expand the

for dif?&@xﬂ%ohﬁén&fdﬁ;ggﬁdiﬁg 8h _a%ﬂgt?@ﬂfé(&o@@%f bRdmp180he TR of rock present

addi t1 onal terial itself increases the surface area
... Of conduGgti o ' . . .

it} R PR S B S8 S Gl BB bnstmcting o
rel eased over greater sprface areas. provid e

heat nfs DAL HRdAP AP AU B G ORARGeaT e 10; e sefpee areaof
nest 140. The heat conductive material 100, injected

the ro¢knwishinithe weHtinfleences the hgatcondectivatyqd thg meky ¥eldgigslitferent ranges of
210, also fills these cracks and crevices around the

tempeeatalies farrtht equitibrivalterapetatnod. | The ¢qslibravl temperatutetreay therefore be a
conduction capabilities by way of increased surface

range 8f Rfpefdtth®s ahd thal@aty £R06fHid iotBe hBdtaickbddd tdHR dbBdinddeto heat the
used in conjunction with such additional material to

“nﬁmﬁghﬁaagﬁéﬁhggﬁ of increases in the surface area of the
roc ndi’

surro ng the heat nest 140. The present

i nventi.on. al.so cont.enpl at e .. n.anot.h nhodi o 1
e af R BB T el AR Lo GG Blgnat sbitiey to
heat conductive terj.al 10Q. Additignal natg&ials as
the sygfeme FHBEHZIRE RS Sifegtsef IngRaRT tprgféks&er?éﬁ ifredsing the fjggrity and strength
rock surroundi ng the heat nest to the heat exchangi ng
of the deatrexnhanging ¢lamant 4hidddiernpacifigpldy, @s thechdateandusicmatienel 100
material 100 is used together with the additional
hardemRitgrovlles aRlitiamt strbstarahsipport fbrethb badt exohahigirig alement 40, the

mat eri al 100 bonds with the additional materials and
harde Redt EdrRIR Y OMARRNAID 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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FIG 3 illustrates a cross-sectional diagramfor a
well 110 in which the system of the present invention
wo gooutisleszed. The bore hole 190 of the well 11BCTIHES2009/003592
positioned therein the one or nore upward-flow ng
pes 60 and_the one or nore downward- flow ng pip

out ofgllers walld 38 ead e adkermahengipg 1 2Opesitgned b thesuetass, qug@e heat from

and the one or nore downward-fl owi ng pi pes 60 and the
the conteatsds usairte gepevatecklédtoeityngfilpinetecBtiques wéll keudvivin the art.
insulation 70. A large dianmeter pipe 210 is filled

WEIG. 4 fz&r fleRicha® dedesibingestépatif hipadcetdfbr ektiadtingbthefiftal heat and
heat conductive mat erial 100 surrounds the one or nore

generééﬂ):%ﬁerl&hg& Wi PRSy&Omand rﬁéiﬁocpame gyréggﬁﬁnventlon A well 110 is

OWI ng pi pés 80. As expl ai ned earlier herein,

dnlle& dS cars]gdi v18%%nedﬁ|§hte 158 e{mttﬁé élﬁkac% %96 n(?%h@l%rcﬁ%pa Hggxre?o@&;?th is

et el RSO i G gnt e o e

well 110 and has hardened around the heat exchange o
nest 149 epemthe bgatnedntpi3Piang betfemdip afghe wellHd O gemestimaied. Ingonjunction
it wll begin to heat up until it becomes fully heated
with Fi6d 1 ned Cha heat nestrig@riabuilteasad steh 8 10 byknsertingaihehit exchahging element
heat nest 140 at the bottom 90 of the well 110. As the

40 haWiRR theCoHrbGhoré Romvard-abwidhip &6 ASwiY ifito st side 150 and the one
equi libriumtenperature, it exchanges the geother nal

S Povics i
or mog:bg@]%vhzierﬁ ﬁg}g{rlﬁg Qg%gggl ot 1&‘%1?%3{{5@28&1%9@&2%81@@ $60 54faced into a
rtian.of i.n Iatlon .
welt 1fid & Atk denlh e st hinhpLaREre P e e o ana i

the wel | 110 throe#?h t he one or nore upward- fl ow ng

detenwms@ as géunctinp of ferfesirsbempsetyy tp ddichige corterts of &hﬁrgpmg system 50
can be used nore efficiently for the generation of

are to o heateditbaserbon e typOarsk surface axsh fof theGsurrdvudingirekl. yThetlprgth of the
heat conductive material 100 operates as type of

heat neftelA0ideteriniae khe Mohgthiof she Keat extchahfiag REaient 40 Aad geénsequently 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 in 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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element 40 in the well 110. This heating track
maxi m zes the heat of the contents and extends the
wheab/1ereehangi ng el enent 40 into the hot rock BPCEREEI009003592

tEe heat harnessi ng conponent 10. Mre specifically,
the geothermal heat fromthe hot. . rock. in the we
neS Trisatasat 1AbRReED GRRIELY FUFS S0 At ndifive maierial 100 and
syst em achi eves an equilibriumtenperature. Wen, t

the thisd/ pipe 21 p samipbately v thdeawn fromi thewedid Oy thedheat cmﬁectw&atlateﬂal 100
conductive material 100 should be as hot as the hot

will bégt ko Bardeantiheag up retehgetatmresntil 4. eqifibriafrotempetature hereached,
contents of the piping system50 enters the heat nest

therebgjcﬁgdﬁétm 2 lRbihermfalehiBor Rhd RAREEIRSETotndMIRake hédt nest 140 at the
ontents reaches the bottom90 it is fully heated. As

t I

bottorh 88 of BEFRL 110 [ HENEa iEtuntg 1€ E@?&#ﬁé%&?&?. QURg heat
has reach he e i 1ibri.umt ure.

condugis masral 100 TETraLs fa ST PRRA L, & faf e g Blimped into the
ensures a systemthat uni quel y.maxjm zes the trans

well 139, theanghithepng prampreovwiward-floying P’tpﬁ%69\é1“iﬁ info Bhechsad He
top 180. The conbi nati on of aheat nest 140 and

elementdhsini step 339 i Bhiefpidairagas forafsithe contents of thg@dpngeystem 50 and will
where the length of the well 110 causes heat loss. It

be gedthertallyeheutedevitiio dit Hehbéxchineging dleteht 4Qito foemeariaded+leop, solid state
may differ within each well and for different contents

heat eQ&Q&fb%' s@&eﬂﬁsﬂn‘é?&b'%@y TOE chAeh® ra?e theR Arewebakaip frdif the well 110 via
type of “rock present within a well may be a factor in

the OI%g()tﬁEI%(%rp W }N%lé(f ggﬁ' %pf; E @ ilg%ul % 7@'&&{&@* in tHé@rgll ITO helps to keep
S o B BB T, BB B s

conductivity of the rock, yielding different ranges of
heat cap bpased for ghe geveratin OERRVE br i um t enper ature. The
equi libriumtenperature may therefore be a range of
t diiedrcated cesteats themaflowsaout ofitleowell b0 tnd intetheesddctmatydzenerating
to be obtained to heat the

component 20 and the thermal engine 120 at the surface, where the heat from the contents is used

anging

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 héat 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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contents to a desired point. As an additional feature,
the heat conductive material 100 provides additiona
. War@bitkiety to the system mnim zing the effeckPGr/v$2009/003592

i ncreased pressure and increasing the integrity and
strength of the heat exchangi ng el enment 40. Myre

the surdasecared efthe yockaill hednpreased as mrbias pessile o marimizg the flow of
hardens, it provides additional structural support for

geothetinel heaafroaxthh amgowylieg mekand #00 thalzeahaxchengng h&lent 40 via the heat
conductive material 100 provides structural support

conduétbre thierifli 1WoN QJ)TladditioRalanstetidle azoallows mure of the fluid to be heated
downwar d- f | owi ng pi pes 60 and the one or nore

toad ﬂw{egagnegﬁ@e@ﬂghﬁgﬁ)réQlowakctﬁe&y WS periRFREEUT €.

ccordi at conductive material 100 adds to
t i.qi di f F . )
ol bt e SHEE Moy GHOLOE i, daiftioEiear exchanging
tem b tecting t h th .
comparieats ADoK AR HEEIEITSImATS BB MR LORTSHh penfiurgtihms of internal

pi ping system 50 fromthe caustic environment wthin

comparigatswdliffereRt@nfigunagions iof thetintematcomponenés ¢fcthe Bept exchanging element
contents flow out of the heat harnessing conponent 10

40 arcailyd possiblet Hacrehsing thedirhe thgeaertaits ofithe pippog eysten? G0 aldinside the heat
specifically, the heated contents flowout of the well

exchadgiflg 8theni@irRrdad6y thB am@ust ¢tefluld Or pasthht ARHal ifsid the heat nest
sur%ace, where the heat fromthe contents is used to

140. @ﬁ@?l{]cﬂtc%nﬁ Péﬁ £ 4 Helti foﬁlgt'i iR ER YRR M8 COmE O are a series
n e art: 4 1s a tlowchart describing steps In

. .a progess f extracti.n eqt hermal ; heat and . :

of intjatiarpwRy Gt FoT Qg PRI T RAP BJR FEHRCA I FIEH G gremlify
of the present. invention. A wel| 110 is dfri 'l ed, and

the embedraentiin Whishengispang s length of pwedand; fhegeiare thegdistapge contents must
rock at a desired depth is increased in step 300. This

travel stithin hert lesclem gihgtedement i4Yincheasesshe epoiattaf donteatsithat can de heated.
size for a heat nest 140 once the heat point 130 and
batit edObhdetstbdethaedtherlckib@ligests mayeieadilizied and ptowutiiraband

functional changes me be made without departing from the scope of the present invention. The
foregoing descriptions of the embodiments of the invention he_we 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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with FIG 1 and 2, a heat nest 140 is built as in step
310 by inserting a heat exchangi ng el enent 40 havi ng
WO b@aswssdr nore downwar d-fl owi ng pi pes 60 fl orTgS2on9/a03592
a first side 150 and the one or nore upward-flow ng
pi pes 80 flow ng out of a second, opposing side 160 is
diagonallycescat jany engle @ Freatenorgsubfageeares tyovghywhichgeethermal energy may
starting point of desired depth is the heat point 130
flow. &trid thesefdedt iatemdad thah thesscopmafi the mvehtiom aotdheslimued by this detailed
tenperature to which the contents of the piping system
descripttbrar € to be heated, based on the type and surface
area of the surrounding rock. The |l ength of the heat
nest 140 determines the I ength of the heat exchangi ng
el ement 40 and consequently the configuration of
i nternal conponents of the heat exchangi ng el enent 40.
Once the heat exchanging el ement 40 and piping system
50 have been installed in the well 110, the heat nest
140 is conpletely filled with the heat conductive
material 100 fromthe bottomup as in step 320. This
is acconplished by injecting the heat conductive
material 100 into the well 110 via the |arge dianeter
pi pe 210. In an alternate enbodinent, a third pipe is
inserted into the well 110 to punp the heat conductive
material 100 into the well 110. The third pipe is then
slowly withdrawmn fromthe bottom 90 of the well 110 as
t he heat conductive material 100 is punped into the
well 110, until it reaches the heat point 130. The
well 110 is then filled with insulation 70 fromthe
heat point 130 to the top 180 of the well 110 as shown
in step 330. Once the heat nest 140 has been conpletely
filled with heat conductive material 100 and the third
pi pe 210 conpletely withdrawn fromthe well 110, the
heat conductive material 100 will begin to harden and
heat up in tenperature until the equilibrium
tenperature is reached, thereby conducting geot hernna
heat fromthe hot rock surroundi ng the heat nest 140
at the
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bottom 90 of the well 110 to the heat exchangi ng
el ement 40 as in step 340. Once the heat conductive
woraaoensmho 100 reaches the equilibriumtenperat BEEUSH09/003592
fluid or gas is punped into the well 110, through the
one or nore downward-fl ow ng pipes 60 and into the
heat exchanging el enent 40 as in step 350. This fluid
or gas forns the contents of the piping system 50 and
CLAIM OR QARdSt hermal | y heated within the heat exchanging
el ement 40 to forma cl osed-1oop, solid state heat
extraction systemas in step 360. The contents are
then drawn back up fromthe well 110 via the one or
1. M Ssiepor Gehdrath e e@tipies usifig gbatherngdl heat fdin witherch dedlled well,
in the well 110 hel ps to keep the heated contents hot
cmnpﬁﬁnéﬂ travel s upward through the well 110, m ni m zing
enefgy | oss so the heat can be used for the generation

oL PR IR SRR BB R g v, e
R T M T A TR L —

. .electricity as in step 370 utilizing,techniques wel |
withincdhbeah npst ip Ravedkand a heapepnduetayavaatopial wpertadiintorthe well to conduct
di scussed above, the system nmay include nultiple,
~ geotherdril heas fidim Heetreck sirsounding the heasmiestrio thalmeatex dhab gieg kkeatent, wherein
conductive material 100. FIG 5 illustrates a

the ro€k Qfoundiig the Bkat nesiieeRthetheay conduetiveématdral foldh edulifbrivn
illustrates a heat nest 140 according to the present

temper AN et dhindd BYYU ér;\glfa%@é?efa%f tooRR s&%@urgigﬁ%eth@ hEht ki gﬂeeéauilibrium

Into rock surrou ng the heat nest 1 0 increas

surface area by filli t.he several holes 220 wth, the
rempelifetefic Enttarigel VAR P bRl R Mielieahndt i blrating he

fromthe cracks and crevices forned in the rock by )
geothermal peai goptipnatlyresoups Hisi gsetheomal hegbit iy eandhetingi9dhg hes conductive

contenplates that, prior to building the heat nest
materiphand shoverifiel thegeethennalthicat genetated By thoeo¢kunrroandingdle heat nest

much as possible to naxim ze the flow of
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 the 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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geot hermal heat fromthe surrounding rock and into the
heat exchangi ng el enent 40 via the heat conductive
. woradoensmho 100. Use of additional material s al SeCHUBIIMS003592

nore of the fluid to be heated to a desired
tenperature and therefore nore electricity to he

temperpiure o4 thecontentyefghe piviegHEtemahstantigly sonstantpas g contents of the
include multiple, additional heat exchangi ng

pipingesysteonara pempad tothetseeghceeoddthamgling el ements wi th many
different configurations of internal conponents.

DivhERieihe cfuaBd-ley sllidahge Béat keadtioheystain extrapts geotherned] heat from
t he heat exchanging el enment 40 are al so possible.

[ : [ JRafungiiet t BuRl system
R A A O e L S ol
the anmount of fluid or gas that can heated inside the
heat nest 140. One such configuration is a helix
formation i.n which the internal. conponents.are a . .
2. sTh Byt of ARk LWMHEEFTHI06 S80I BF HEY RBRFIE IPF R Iy Rereasing
as twi sted pipes as shown in FIG 6 exenplify the
the sudagrortenehthereckwireoungdingtbaBtatgesthe | ength of pi pe
(and, therefore, the distance contents nust travel
wi t hi n heat exchangi ng el enent 40) increases the
amount of contents that can be heated. It is to be

3. UTHekst&andf thah 20Whereiaedt bROLAEiG8)al Beretidlé iszRilledfisto the rock to
structural and functional changes ne be made w t hout

incre @H@%ﬁhﬂ&:%&@ﬂ?&ﬁﬁoaGOPe of the present invention. The

or egol ng scriptions of the enbodi nents of the
i nventi on have been presented for the purposes of
illustration and description. It is not intended to be
exhaustive or to limt the.invention to_ the precise. . .
4. 1 dhesysiem of slaim 3, Rurthsy gomBising Alsgst 088 P#ﬁsl&la{l mteraéﬁ dnjected into
variations are possible in light of the above _
the heptaashiwhpsein Hir atdsastpheadditional platertabstat dsastenediatigearing.
el enents 40 may be inplenmented within a heat nest 140.
Addi tionally, any configuration of a heat exchangi ng
el ement 40 that

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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increases the tine contents of the piping system
remain in the heat exchangi ng el enent may be utilized.
webmo/ 15w ti pl e bore holes may be drill ed i nt oP€DTK2009/003592
surroundi ng the heat nest to create nore surface area,
and such bore holes may be used to drill holes
vertically, horizontally,diagonally, or at any angle
to create nore surface area through whi ch geot her nal
9. erdegystamofidam 1, wheren theedawfroradiflnveng pipes land upwerd-flowing pipes
scope of the invention not be limted by this detailed
each fteRide iapluralitydAbPMrEB whiidvariosioh 1eyistaamtéad iwigager at i ng
el ectricity using geothernmal heat fromwthin a
drilled well, conprising: a heat harnessing conponent
having a closed-loop solid state heat extraction

t .
0. YRRkl SRR IO SO o Ry KB R gt sice o i
heat %hln heat nest in a well and a heat conductive
reat gxehaneing elemet o into the well to conduct geother mal
heat fromthe rock surroundi ng the heat nest to the
heat exchangi ng el ement, wherein the rock surroundi ng
t he heat nest heats the heat conductive material to an
11.  edlihelsybteinuoh damp@ veheneia thiteuporarilflegvibg pipes vodpledtoss seaond side of the
of the rock surrounding the heat nest, the equilibrium
heat éxeh@img elemehei Ng a tenperature at whi ch the rock
surroundi ng the heat nest and generating the
geot hermal heat continually recoups the geothernal
heat it is conducting to the heat conductive naterim

12. ?glq}(eas gt}él?lo%ﬁy 191 f,?)ﬁnegﬁgtt elg{%g{e cgl]ﬁgél g%{kgrge%gén p?&és gl%rahty of

conducti ve naterlal conducts heat fromthe rock
capillaie§ oundi ng the heat nest to the heat exchangi ng

el enent; an electricity generating conmponent including

a t her mal engine, the electricity generating

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.
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conmponent receiving geothermal heat fromcontents of a
pi pi ng conponent coupling the heat harnessing
weompossne to the electricity generating conmpoPETUS20097603592
plplng conmponent including a set of downward-fl ow ng
and a set of upward-fl ow ng

16. quamtem phwlaign ho pukeregtesomients eﬁ&@ﬂ@ngﬁwﬁe iHVpiehg
conmponent heated by the heat exchanging elenent to a
surface of the well and into the electricity :
generating conponent; and insulation inserted into the

17. WEhd syatesh 6f161aina N5 whéryinthie cantadds ofthetpipiegsystérhés a gas.
upwar d-fl owi ng pi pes at at |east one position between
the heat nest and the surface of the well to maintain
atenperature of the contents of the piping system

18. S’i"ﬁ’ets %ﬁ[gnll '61{" l:lyun? Zg&b%ﬂtgg h&ﬂ oﬁ%@@%ﬁat&flal %Pl?st%nﬁilg Yolidifies

m are sur ace o)

Ry A AT L S T

exposi ng the rock surroundi ng the heat nest to a

and pipingisystem} ow. 2. The systemof claim1, wherein the
equilibriumtenperature is increased by increasing the
surface area of the rock surrounding the heat nest. 3.
The system of claim2, wherein at | east one additiona

19. DbUR&sy3@ing of Slafih i1 B] wHerkinlthe hédt cofdictive mat&i asgrohhe
surface area of the rock. 4. The systemof claim 3,
further conprising at | east one additional materia
injected into the heat nest, wherein the at | east one

it naI ten

20, 9L LR B sty bR BB bl B
addltlonal material injected into the heat nest,
wherein the at | east one additional material is at
| east one bead. 6. The systemof claim3, further

21.  cChpsystimgf glaim d&swherpa tg@l beaticonductiyamatéreal iy hrpesamisd

into
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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t he heat nest, wherein the at |east one additiona
material is a nmeshed netallic material. 7. The system
w@booghisieny 1, wherein the downward-fl owi ng pi peBCHIS2009/003592
fI exi ble. 8. The systemof claim1, wherein the
25. m,rffgsfgrln\%lﬁmg?agmﬁl S o &wal egtlzq%l e%?\zf‘gggqgﬁs gt e“mteJ into the heat nest
upvvard fl om ng pipes each include a plurality of
via a pigg énserted bare holsi and widuirawa encesthe dcatygest hag begrofilled with the
The system of claim1l, wherein the downward-fl ow ng
heat copn¢hagivemgpéréalt 0 a first side of the heat exchanging
el enent. 11. The system of claim6, wherein the
upwar d-fl owi ng pi pes coupled to a second side of the
heat exchanging el ement. 12. The system of claim 1,
t d .
2 Eﬁ&r Syitph' 8 B %%%?‘2E*e"%g%ﬁé%fs@?n“Qlfessf%‘f’%%ewfm on the
. e conte ts.of the do d: fl ow ng pipes are
pipingyfiGisEh g*é%ﬁmﬁshﬁw e pltint Oy PR EREA APy et rter
entering the heat exchanging elenent. 14. The system
of claim 13, wherein each capillary in the plurality
of capillaries has a dianmeter snmaller than a dianeter
27. ofThelsgstemvod\eckaim- I, wherein thei quedibriueteaiperatitedna range lo€ temperatures
contents of the piping systemto heat quickly as the
determiidietl @anleastpn part bifracugfacd 41ea pf theabek within thapedtInasti es.
15. The systemof claim 1, wherein the contents of the
pi ping systemare an environnentally inert, heat
conductive fl ui d that does not boil when heat ed wit hi n

tﬁl[ Qﬁ?gm% z WT]%FC]I? &%t %Q? Qch%éb@e]%éﬂfn%% aeﬂeﬁllx s e in nvhlch

emls he Sys

claiml5, e|n he con ents of the S te
the pipuEIYFES Wlilgnmtgﬂiée% g AT EmPLitRS 2b) GOl TS Pipe to
conductive material subst antl ally solidifies
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 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

-28-



within the heat nest after being injected into the
area between the rock surroundi ng the heat nest and

w@REbngiesystem 19. The system of claim 18, wheCBUR200@3592
heat conductive material is grout. 20. The system of

claim 18, wherein the heat conductive material. is .

the rogioprimgiBgARs heat Destih et EAMGRE LR KlCHoDh WHEREP diheahgonductive
heat conductive material is a ceramc. 22. The system

materigk sadidifien to Subsiansiatly filk the arraavithin Herlesat pest fatransferhepisfrem the rock
mesh material. 23. The system of claim 18, wherein the

surroundhig the hett aikst\and e beat akchasgipgaidment, thd pipitgesystest brimgihg the
claiml, wherein after the heat nest is filled with

contertS'6f e fi‘)‘ipiﬁ? Bphish iften BBLIFAdedS thd Well Wb lthe Keat hest @ald vartfing heated
the i nsul ation.25. The systemof claim1, wherein the

contertE B the ARG dftfe WRI1GHdrft thel Hieat ﬁEsE,C@vﬁgreirﬂBQ cfd@@d-m%%tsolid state heat
nest a e and

via a plpe inserted throug ore ho

e A58 s R A5 USR5 B arounin

wherein the heat conductive naterial stabilizes
the hegt restior aligHd £l9#. pi pi ng system and the heat exchangi ng
element within the heat nest. 27. The systemof claim
1, wherein the equilibriumtenperature is a range of
tenperatures determned at least in part by a surface
30. amaa spdterhlof clairaRniwhbiein theeqtidibtiuneempe2fire Thiacesdddry increasing
- of claiml1, wherein the heat exchangi ng el ement has a

the sub@bd Xres BROR rbék WMHARdIMRAKOhSItRGstSySstem wi thin the heat
exchangi ng el enent conprises at | east one tw sted pipe

to increase the distance contents of the piping system
flows within the heat exchanging elenment. 29. A heat

31. sw_x rﬁ%ﬁété%&f I% aﬁréi&%%rpre%? arlltel(rea?sii Iorrlleg acgdelg(t)rIEa? li)(r)rr%l ho ee 1astdrflfe8 rljl]lto 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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conprising: a heat conductive material injected into
an area within a heat nest near a bottomof a drilled
- wWowdib/1bsiveen a heat exchangi ng el enent and r oR&T/US2009/003592

surroundi ng the heat nest to forma cl osed-|oop, solid
state heat exchange to heat contents of a piping

35.  sThe system ofiflagn 2P whergie iping systermdneludgs ae%?g ﬂgﬂﬁﬂhlg downward-
el enent at an equilibriumtenperature at which the

flowingpipessbiatroarrydhecprtérgs bfthe pipdeg systain go ¢hehdah gxdhapging element, and
geot hermal heat continually recoups the geothernal

a set o €l8kibld uﬂvﬁarﬁ%ﬁ% bip@s tHat tarey theadonasdifehe pipinpadystetnodut of the heat
and above whi ch the geothernmal heat generated by the

emchm%%ﬁ%eéﬂkﬁQunding_the heat nest dissipates as the heat
nductive material conducts heat fronthe rock
surroundi ng the heat nest to the heat exchangi ng
el enent, wherein the heat conductive materi al
solidifies_ to substantjally fill the area within th ) )
36.  nhéhe systsm of SIat‘Pégs‘f" Freineae d?Y’BWF’i"hﬂ"WB’&P‘B‘i?r (iRdapggflowing pipes
the heat nest and the heat exchanging el enent, the
each ipilpdayplyalite of yersgfvgpund sogosior ressstatt stekWiing ng
systemfroma surface of the well into the heat nest
and carrying heated contents to the surface of the
well fromthe heat nest , wherein the closed-Ioop
37. SThé Sys&mbeclARARIEWhéref the Redt s tivmgmp! dlafbi ia0ddser pratality of
heat fromthe weil without exposi ng the rock
afgkrounding the heat nest to a liquid flow 30. The
system of claim 29, wherein the equilibrium
tenperature is increased by increasing the surface
area of the rock surrounding the heat nest. 31. The
system of claim30, wherein at | east one additignal,
38, pdhesyRsme of slaim B wherei e eoricnis ok theglqvpetasdfiowiRg pipes are
surface area of the rock. 32. The system of claim 31,
disperfed thrmighdbapluraitngf eapill@testaftonenteming thedwatl exehangingélement.
injected into

capill

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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the heat nest, wherein the at | east one additiona
material is at |east one ball bearing. 33. The system
wo@tooehisien? 31, further conprising at | east one PCT/US2009/003592
addi tional materi al injected into the heat nest,
wherein th one. addition mat er | i s at
a2. '3k Eveine Sbelhim 497 hemeh 5 COUEIE O IR BT P e AP
conpri sing at | east one additional material i nj ected
into the heat nest, wherein the at |east one
additional material is a neshed netallic material. 35.
43. Thhe syséraof ofaim 28] wh2i@in thh deati congugivegnatgsdl esrgiont | udes
a set of flexible downwardflow ng pipes that carry the
contents of the piping systeminto the heat exchangi ng
elenent, and a set of flexible upward-flow ng pipes
44, L7RE gﬁ%ﬁﬁéf%ﬁ fin G0N ABL Bk hbAiGoRLNNG AHEAATR BilicR nctal
R exchangi hg el enent’. 36 e system of clalm
35 wherei n the downward-fl ow ng pi pes and
upwar d-f | owi ng pi pes each include a plurality of
Ia ers of wound corrosion resistant, steel ring
45. ¢ systera of 6Raim 28, horgin (e beal; qqnéﬁ%l%éatteeéﬁddhaﬁa@ﬁ@c
eIenent includes aplurality of capillaries. 38. The
system of claim 37, wherein the contents of the
downwar d- f | om ng pi pes are dispersed through the
46. plThealstent odtladra@ol vheteasthathestrcondt@iviengatedial i e atesh material.
exchangi ng el ement. 39. The system of cl ai m 38,
wherein each capillary in the plurality of capillaries
has a dianeter smaller than a dianeter of the
p i nts
47. ARG e R AoP WRERin IR Bl R BRRET
pass through the plurallty of capillaries. 40. The
systentof claim 29, wherein the contents of the piping
stemare an environnmentally inert, heat conductive
48. P aystemof glsém 29 whetsin thahert soaduetyeanataria Stztbehm gressure on the
nest
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.

-31-



4 1. The system of claim 40, wherein the contents of
the piping systemis water.42. The system of claim 40,
wob@pasre4d he contents of the piping systemis BCTES2009/003592
43. The system of claim 29, wherein the heat
conductive material is grout. 44. The system of cl aim
51. 26 meihed ef gencratingeslectieiftiming geotharmal hedt fjom withingmdnlled well,
netal. 45. The system of claim29, wherein the heat
comprisingiuct i ve' material is a ceramc. 46. The system of
claim?29, wherein the heat conductive material is a

NBgthaciiBf Gebthbrmal hieat T Sockt ®ioahdiap aiieaist pésitictied at Beocation
heat conductive material is plastic. 48. The system of

withirCa @'Eﬁ‘bg%'em £héht bHRIREN mafRdVrhd Ui HEHE &st &) surround a heat
st abi | zé]s pressure on the piping systemand the heat
exchangi el ement, withi .49, .
excharsl%gg 8%%66?19 Eﬂ 0! m%?ﬂﬁﬂgégishﬁ‘?‘ﬁ%%@%%# ?’?tf)arcltlérgn sys:wn%, the heat conductive
1 rature i s a range. of tenperatures detern ned
materjal aP%P“%&F?t?‘BV‘aA%ﬁ%rfF‘HE TRk SFOTIng e RegieR 1 thaeat
heat nest. 50. The system of claim 29, wherein the
exchanging elexanh rgheat centente af a pipingsystem, thesepnsents heajgd withinibe heat nest
pi ping systemw thin the heat exchangi ng el enent
at an euiljbrivse engierdtest wineh theirsdtkestirmoupding thd It pest and penerating the
di stance contents of the piping systemflows wthin

geothérhfal heacoftiahAN Feddiips HRNERBtheRAal MalR i OLhigife Rethahd Réht
el ectricity using geothernmal heat fromw thin a

condu?{iilé Jnggrig?!u{d aboQERIHiGH tgg ﬁg(gt%ﬁgxrrﬁaq %h&%ﬁ@&té&%f@% réalz?(as'ixnounding the

om rock surroundi ng nest pdsitione

lgcation within a well by injecti a heat. conductjve .
heat nggfrifes o fogl et Rmp e blsPnis Bo @R e ok Yirounding the

excha}gﬁ{ ng elenment to forma closed-1oop, solid-state
heat nggt 4p theieabexchanging slegintit he heat conductive nateri al

exchangi ng geothernmal heat fromthe rock surrounding

t insulating theewpingsysthm dtebleassonh anigit hgtwesien thenhieat neshend the surface of

contents of a piping system the contents heated
the well tolthaintaivea bd@geratasd 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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at an equilibriumtenperature at which the rock
surroundi ng the heat nest and generating the
w@ewbherenml heat continually recoups the geot heeTEE2009/003592
heat it is exchanging with the heat conductive
mat eri al and above ich the geothernmal heat generat.ed
53.  pyhe methasdedd dajmr u Adtheg comeripagdritiing atd?@&?%"?%%aﬁ into the rock
the heat conductive material exchanges heat fromthe
surrounduig theheasumesti ng t he heat nest to the heat exchanging
el ement; insulating the piping systemat at |east one
poi nt between the heat nest and the surface of the
well to naintain a tenperature of the contents of the

54. PITRE RIS ERIFHDS tfaﬂf!ﬁér%bhﬁﬂrﬁiﬂgﬁﬁj%ﬁngﬂﬁ 1Ed3€ 0RO d Al material in
of the piping systemare punped to the surface of the

the he\c[\lﬁln{st “ﬂ{ég i lﬂlgg)étrl?asl Qt?e zﬁﬁﬁ‘t‘i(ﬁﬁl MRSt Uast O l;yllpdegﬂn .
Sys €m 1 nto an e ectricity generating conponent a ter
the heated contents of the piping systemreaches the
surface of the well, wherein the closed-1oop solid
state heat extraction system extracts geothernmal heat o
55.  f Abgmathod @ qlaigy 3 duthesepmerisigedpectingdt 1east pog pdgitigpal material in
the heat nest to a liquid flow 52. The nethod of
the heat mistvtierein the dtdeast onpadditiongl materiab i atdeast englfeade ar ea
of the rock surrounding the heat nest to increase the
equi li briumtenperature.53. The nethod of claim 52,
further conprising drilling at | east one bore hole
56. | The nidifod OCdfaift's T, Tt REmpRSInB SR ctieSit lerf ond Aflitional material in
met hod of claimB3, further conprising injecting at
the hel%ﬁr?e%{ vﬂﬂ:?%lﬂ(éﬁ% 1hong né@&cﬁt‘ié{%ﬁ {r‘aﬂerfaP?s J‘r?l%gheﬁqﬁétallic tmate:rial.
erein e at l'east one additironal nmaterial 1s a
| east one ball bearing. 55. The nethod of claim 53,
further conprising injecting at | east one additiona
material in the heat nest, wherein the at | east one
57. adbrmethed ofrgleiny $ hifusther spmpagieg pyrwingeqntents 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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56. The nethod of claim53, further conprising
injecting at | east one additional material in the heat
. Woeab/1swherein the at | east one additional natRCT/EB200%003592

a meshed netallic material. 57. The nethod of claim
51, further conprising punping contents of the piping

60.  <Thamathodoéclaie SQQ‘e{herém?ﬂgE GRpiam iatesplurality ok eapilipries has a
fl exi bl e, downward-flow ng pi pes and out of the heat

diametexsthalbagitlzm ediametedr off theadosatwapfl-flovang pipes, thereby allowing the contents
upwar d-fl ow ng pi pes. 58. The nethod of claim57,

of the PipBigiyateh® HEANGYIOKIS a6 ki@ dohgentd Pass tiaodgt thealtalityaficagillaries.
pi pes each include a plurality of |ayers of wound
corrosion resistant steel wiring. 59. The nethod of
claim57, further conprising dispersing the contents

W v g s G i
enviropmepally (T ACHSPRICHE S € Gossimat Bl PP Wi g heat nest

di aneter of the downward-flow ng pipes, thereby

all owi ng the contents of the piping systemto heat

qui ckly as the contents pass through the plurality of
62. CThé medioder claih.61Tvaerviat thedtonfents! ofithe pipingvdystesn i wWalter.

contents of the piping systemare an environnental |y

inert, heat conductive fluid that does not boil when

heated within the heat nest. 62. The nethod of claim

: . o ¢ R .

3. e OB Tl GRG0l coh R Bp RS 5 o gos
contents of the piping systemis a gas. 64. The net hod
of claim51, further conprising injecting the heat
conductive material into the heat nest Lhe heat . .

64. cohemethodeof elaimlafurthen SomARSiRg ijeding the heat ﬁan&icpm paterial into
the heat nest after being injected into the area

the hestatests the lidatcorslukti sematstinbiubgtantia yheedidifyrimgt wighid the heahpest after
system 65. The nmethod of claim51, wherein the heat

being GHEHeTinko/ theledatidt@ten the @dckWurrounding 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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66. The nethod of claimb51, wherein the heat
conductive material is nolten netal. 67. The net hod of
web@onssly wherein the heat conductive materi aPCT/FSH09/003592

ceram c. 68. The nethod of claimb51, wherein the heat
conducti ve naterlal is a. nesh material.69. The nethod

69. ofhe methadmf claimetle wherein thedent eonduetive Materiakiaplatic, s
plastic. 70. The method of claim64, wherein the
injecting the heat conductive material into the heat
nest further conprises inserting a pipe through a bore

70. hThenmrfdvéftdudmnaod, nhetdie thel ipecting thetheat dvddtictiveshatbAal into the heat
been filled with the heat conductive material. 71. The

nest flfi{el e8mpfisdsliRdcMinbla piehBuph b 'BSreeﬁﬁlé atd WitEdAM 2@ PRde once the

heat further conprises forn1ng a shape of the heat

heat nggi JeI, n?l}]e% &[IE'EH ﬂe@{ QorfiubPld Kate hg whi ch the piping

em w exchangi ng e ement conprises at
Ieast one twi sted pipe to increase a di stance contents
of the piping systen1f|oms wi thin the heat exchangi ng

el ement. 72. A nethod of extracting geot hernal heat )
7. £ mhaTAiod af e 1, FSToB e, cxiaRRRg S90MermaLhen MrHichgomprises

type of rock at a depth of a well, a surface area of
formingha shapelof ghie hidatexibpoging lenteat md b heh'm,dn avhiidethe piping system within
conductivity factor of the rock at the depth of the

the hewdxdchan dgaﬁg elefiefificdniyiriset bf lee ofE eRistdd pipetoriaciéasdta distance contents
desired point in the well between a heat point of the

of theﬁlh% Q%Qerﬂ RWsvAMiR thd &Gt %hlan%lﬁ pelhfic.a heat nest

n 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 h est and a heat hin the

7. hadmeed o X Br R RerORa athin a SOTIE) weHegmprisiig
e)égtre?rgltnlmogna tSy){é togr(])ck 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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to exchange heat fromthe rock surroundi ng the heat
nest to the heat exchanging elenent to heat a contents
_ Wobooaipiepd ng system flowi ng into and out of theChEs1009/003592
exchangi ng el ement at an equilibriumtenperature at
whi ch the rock surroundi ng_ the heat nest and '
geothegmakhest ponfinupkly eesoHRY the gepbarmal disat ih 1saxchaneng ik thaheat
geot hermal heat it is exchanging with the heat
conductiveduaterisleandesbevé whichrtble gesshermehhedt geheratgd diyithe ragk surrounding the
heat generated by the rock surrounding the heat nest
heat nékit dissipatee s dfe Heaecdidattiveonaietial exeharies hieat! froax dieaogle surrounding the
heat fromthe rock surrounding the heat nest to the
BeQhabift SIRRRhs; aa@d i Nsul ating the piping
' h&ungigig%?%etmegﬂq?ﬁ% heat nest and a surface of the
wel |, . I: - i t .
el Bis ablob dfo EptRER L PR ot b E AR th ll, wherein the
|1 without exposing the rock surraqundi e heat .
closedfpup selil st SXREIR SYPEm e EtoRl Rk e well without
wherein the increasing the surface area of the rock
exposingthopelispgoending thetheatnast torcki@d 89wt he equi | i bri um
tenperature. 74. The nmethod of claim 73, wherein the
I ncreasing the surface area of the rock further
conprises drilling at | east one bore hole into the

73. I PR mfetHodufetting X hheheathel8seasinbthe Fafacedrboof Bk rock surrounding
claim 74, further conprising injecting at |east one

thehe?tdffgs{iineféﬁgesgﬂaét difbrihd tdhifer _ nest, wherein the at

east one a onal material 1s at |east one bal
bearing. 76. The nmethod of claim 74, further
conprising injecting at |east one additional nmaterial

i n_the heat nest erein the at |east one addjtional

74, mhhemeghod; of claimy %%?@emt dacreasing (hersuriaes HGHObMeCpok fither
74, further conprising injecting at |east one

comprsed idrillorgt lenst emd bare holetihte the sacksagounding the heat nest.at
| east one additional material is a nmeshed netallic
material . 78. The nmethod of claim 72, further
conprising punping the contents of the piping system

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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into the heat exchanging elenent in a set of flexible,
downwar d- f | om ng pi pes and out of the heat exchanging
- Web@agnte4d n a set of flexible, upward-flow ng pCPpES2009/003592

79. The nmethod of claim 78, further conprising
di spersing .the contents of the piping systemintQ a_ .

78.  plhg method ofclazmyi2) fusthep commpsing Rumpingthe enienis of thehiping system
within the heat nest. 80. The nethod of claim79,

into the/heateixchangiig deament inrayset of fléxeblp) davewarg-flswingpipes and eyt of the heat
has a dianeter smaller than a dianeter of the

excharongetem@nf incidengf lexible, uphadetywial lpipsng t he contents
of the piping systemto heat quickly as the contents
pass through the plurality of capillaries. 81. The
met hod of claim 72, wherein the contents of the piping

syst e re . [ V] . '
79 YE B0 EBLE"E RREF PO fplitind Aplryind TR}  SRBRK S 1k Bivine system
) nest, 82. The. nethod,of clai.m8l, wherein the contents
into a phurlity OgF?H‘ Ai68\FOPRIAH 1 HERIIPE SHe PRURhaRsa! BF Vel ai m
81, wherein the contents of the piping systemis a
gas. . 84. The method of claim 72, wherein the heat
conductive material is grout. 85. The nethod of claim
80. 77The migthodiaf cldmm 719 athersom eachtdapitlarppinethe pluralgy wbcamharies has a
netal. 86. The nethod of claim 72, wherein the heat

diame&P BfldRér tHen Aaididtét ofithe dovwidhadiflowiAg pipes, tﬂEﬁeB?dll@ﬁ/ing the contents
claim 72, wherein the heat conductive material is a ‘

of the e SR \Pheat HEHc)R (LR Shass (ol the pAASLR) oY fapflaries.
claim 72, wherein the injecting a heat conductive
material into the well further conprises inserting a
pipe through a bhore hol e and w thdraw ng the pipe once
81, { ke metod i Slatmal, BbsreiA ThelCOBteRI ] thARIPHEDSEBhATE AR ve
material. 90. The nethod of claim 72, wherein the
environmentallyiinet, thieat geindiettyefuid drat flogsiiod bod ovhenibsated 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.
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insulating the piping systemat at |east one point
bet ween the heat nest and surface of the well. 91. The
. woredobasiecad claim 72, wherein the equilibrium PCT/US2009/003592

tenperature is a range of tenperatures. 92. The nethod
of claim72, wherein the extracting geothermal heat
further conprises formng a shape of the heat
exchangi ng el enent into a helix, in which the piping

87. shiztrmethwd bhiclain A2, \hherbmehchemgpm@}m@lvemmmai oypmeslematerial.
| east one twi sted pipe to increase a di stance contents
of the piping systemflows within the heat exchangi ng
elenent 93. The systemof claim2, wherein the

88. rﬁ&ﬁogf)g@lagxfx 75 h@hér@ﬁkthﬁﬁéaﬁ%lﬂﬂjﬁdﬂig'etrﬁﬁerﬁﬁ%glﬁﬁﬁi I's
I Nncrease racturing the rock surroundi ng the heat
nest 94. The system of claim 3, further conprising at
| east one additional material injected into the heat
nest, wherein the af | east ane additiona nater al i

89.  allmethpg gl cgim Hma_(hgrygk Frimfcting 3360“‘{%8}1%{“?} Fihinto the well
surface area of the rock surrounding the heat nest is

furtheri qoorpEReesEYing agipethronghtatore bele andrvihdsewing thpipgeage the heat
nest 96. The system of claim 31, further conprising at

nest hdsé@si fillad wathdhé hemabndmtiee nakteriahj ect ed i nto the heat
nest, wherein the at |east one additional material is
a heat rod. 97. The nethod of claimb52, wherein the
increasing a surface area of the rock surrounding the

e r

0. T Eﬁl%%%gtf%a.ﬁ@?? FRchlfo SR e Pl @'@fg‘;“ ‘31?@&‘"‘ gomprises
rock sur.roun eat n .

insulgE g UG SHOHB Ehit Fest s PAiRRbetped ngdRalil § Sfrss gf the weil
into the rock surrounding the heat nest further
conprises injecting at |east one additional materi al
injected into the heat nest, wherein the at | east one

91. atih miethodlof mhtmr?iZaiwhleslrathheqmlubudm 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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99. The nethod of claim 73, wherein the increasing a
surface area of the rock surrounding the heat nest to
. WO n@waswsed t he equilibriumtenperature further PONPB109E603592

fracturing the surface area of the rock surrounding
t he heat nest.100. The net hod of claim74, wherein the

94. (Fhd systen of clpiand;: fusther eosmpristng & least enq prditional material | mJ jected into
surroundi ng the heat nest further conprises injecting

the heattnete ahtreimtheat thabt anealdditivnal atlerinlis @dieatckodnt o t he
heat nest, wherein the at |east 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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