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THERMOELECTRIC GENERATOR FOR USE WITH WELLBORE

DRILLING EQUIPMENT

BACKGROUND

This section is intended to introduce the readarat@ous aspects of
art that may be related to various aspects of thesemtly described
embodiments. This discussion is believed to b@fbkin providing the
reader with background information to facilitatdetter understanding of
the various aspects of the present embodimentsordmgly, it should be
understood that these statements are to be reddsidight, and not as
admissions of prior art.

The present invention relates generally to eleaitpower generation
and, in an embodiment described herein, more pdatly provides a

downhole power generator that converts heat eriatgya voltage potential

usable for,inter alia, powering electronics and charging devices such as

capacitors. The present disclosure is directe@rgdly to the generation of
power downhole to support higher power demands resqpeed during
modern wellbore drilling.

Modern hydrocarbon drilling and production opemasiccan often
require that electrical power be supplied to eq@pmin the downhole
environment. For example, electrical power is nemli downhole for a
number of applications, including well logging aetemetry. Well logging
of the borehole often includes the use of activesses that require power to
obtain information about the downhole environme®tich information will
typically include the various characteristics aratgmeters of the earth
formations traversed by the borehole, data relatingthe size and
configuration of the borehole itself, pressures trdperatures of ambient
downhole fluids, and other vital downhole paran®ter Telemetry
commonly utilizes electrical power to relay datagaced from various

logging sensors in the downhole environment tostiéace. As technology
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advances with newer and better tools, the poweradeled by the tools
increases in order to keep the tools running initbbore for long periods
of time.

One conventional approach to downhole electricatggogeneration
includes circulating drilling mud to operate a gexer or turbine located
downhole. At least one problem with this approacthat mud flow rates
can vary widely and the mud flow may need to beeased, for example
when the drill bit enters a new type of subterrangtaata. As the flow rate
becomes excessively high, significant issues caanoeuntered. First, at
high flow rates, the increased rotational rate poed high torques within
the generator that can lead to its mechanicalr&ailuSecond, at high flow
rates, more power can be generated than is negekwathe intended
application. This excess power generation can leateat production,
which can be detrimental to electronic componentsthie drill string.
Additionally, due to the potential extreme flow eatthat the circulating
mud may attain, any such generator or turbinepgeajly oversized relative
to the nominal requirement for power. The incrdasiee of the generator
or turbine leads to lower than optimal efficienaydaincreased cost. A
conventional approach to generating a constant atrmfupower when the
mud flow must be increased is to pull the downhgknerator and
reconfigure the turbine to operate at the highed rflaw rate. Pulling,
modifying, and re-inserting the downhole power gatar requires a
significant amount of time, thereby incurring aneogtional cost and
delaying the drilling operation.

Another conventional approach to downhole eledtripawer
generation is simply to place more batteries indb@nhole tool or tolls
being operated in the wellbore. However, the amldiof batteries takes up

valuable space on the tool itself as well as sjpactne drill string. Further,
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batteries are flammable, explosive and dangerous termful to the
environment.
There continues to be a need for improved eled¢tpower sources

that can be used with wellbore drilling systems.

BRIEF DESCRIPTION OF THE DRAWINGS

lllustrative embodiments of the present disclosare described in
detail below with reference to the attached drawiigmires, which are
incorporated by reference herein and wherein:

FIG. 1 is a schematic view of an example drillipgtem suitable for
use with downhole power generators;

FIG. 2 is a cross-sectional view of an embodimentaopower
generator sub;

FIG. 3 is a cross-sectional view of an embodimentaopower
generator sub including two materials with diffgri@eebeck coefficients;

FIG. 4 is a cross-sectional view of an embodimentaopower
generator sub including a thermoelectric generator;

FIG. 5 is a schematic view of an embodiment of errtioelectric
power assembly including power generators, a p@arditioning unit, and
loads; and

FIG. 6 is as top cross-sectional view of an embedimof a power
generator sub.

The illustrated figures are only exemplary and @aoé intended to
assert or imply any limitation with regard to theveonment, architecture,

design, or process in which different embodimeray tve implemented.



10

15

20

25

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The following discussion is directed to various eaiinents of the
present disclosure. The drawing figures are noesearily to scale. Certain
features of the embodiments may be shown exaggeiatescale or in
somewhat schematic form and some details of comraitelements may
not be shown in the interest of clarity and conuess. Although one or
more of these embodiments may be preferred, theoéimients disclosed
should not be interpreted, or otherwise used, ragitig the scope of the
disclosure, including the claims. It is to be fuligcognized that the
different teachings of the embodiments discusséowbenay be employed
separately or in any suitable combination to preddesired results. In
addition, one skilled in the art will understanattkthe following description
has broad application, and the discussion of anyogliment is meant only
to be exemplary of that embodiment, and not intdneintimate that the
scope of the disclosure, including the claimsinstéd to that embodiment.

Certain terms are used throughout the followingcdpson and
claims to refer to particular features or composeAs one skilled in the art
will appreciate, different persons may refer to tekame feature or
component by different names. This document does intend to
distinguish between components or features th&rdii name but are the
same structure or function. The drawing figuresrarenecessarily to scale.
Certain features and components herein may be skaaggerated in scale
or in somewhat schematic form and some detailofentional elements
may not be shown in interest of clarity and conuess.

In the following discussion and in the claims, teems “including”
and “comprising” are used in an open-ended fashaml, thus should be
interpreted to mean “including, but not limited to.”. Also, the term
“couple” or “couples” is intended to mean either mudirect or direct
connection. In addition, the terms “axial” and ‘alky” generally mean
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along or parallel to a central axis.d., central axis of a body or a port),
while the terms “radial” and “radially” generallyegan perpendicular to the
central axis. For instance, an axial distance sefera distance measured
along or parallel to the central axis, and a radislance means a distance
measured perpendicular to the central axis. Theofisgop,” “bottom,”
“above,” “below,” and variations of these termsnisde for convenience,
but does not require any particular orientatiothef components.

Reference throughout this specification to “one ediment,” “an
embodiment,” or similar language means that a @adr feature, structure,
or characteristic described in connection with #mbodiment may be
included in at least one embodiment of the pres#istlosure. Thus,
appearances of the phrases “in one embodimentdrfiembodiment,” and
similar language throughout this specification mayt do not necessarily,
all refer to the same embodiment.

Turning now to the present figures, a typical omehoil or gas
drilling system 100 with which embodiments of timention may be used
is shown schematically in FIG. 1. The wellborellaig system 100 is
described in terms of an onshore drilling systekhowever, it should be
understood that certain aspects of the inventiore lepplication in any
wellbore conduit system comprising an annulus tghowvhich fluid is
moved, such as a completion or production systehether onshore or
offshore. Therefore, the invention is not limitedscope for use only with
onshore drilling systems.

The drilling system 100 includes a drilling rig 1@# other similar
device for lifting and supporting a conduit, whishspends a drill string
104 within a wellbore 106 being drilled through @bsurface formations.
An annular space 118 is formed between the dnlhgt104 and the
wellbore 106. The illustrated drill string 104 cpnses segments or joints
108 of drill pipe. The drill string 104 may inclec drill bit 110 at its lower
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end. The drill bit 110 is moved axially into thesNbore 106 by rotating
equipment on the drilling rig 102, such as a toprejror by rotating
equipment located in the drill string, such as dlimy or mud motor.
Rotation of the drill bit 110 causes the bit 11@xbend the wellbore 106.

The lower end of the drill string 104 may includd, a selected
position above and proximate to the drill bit 1E0wear band 112 for
decreasing the wear around the outer diametereotltiti string 104. The
drill string 104 may further include, at a selectpdsition above and
proximate to the wear band 112, one or more powanmegtors 114
arranged on a power generator sub according tmusraspects of the
invention and which will be further explained belovn the embodiment
illustrated in FIG. 1, two power generators 114 al®wn in parallel.
Proximate the drill bit 110 and wear band 112 mksp de one or more
tools 116 for providing measurements and imaginthefborehole 106. A
portion, or all, of the electrical power requireddperate the tool 116 may
be obtained from the power generator 114.

During drilling operations, drilling fluid 118 sucks mud is pumped
from a tank 120, or pit, into the interior of thelldstring 104. The mud 118
travels the length of the drill string 104 and sxfie drill string 104 through
openings in the drill bit 110. The mud cools anldricates the drill bit 110
and lifts drill cuttings generated by the drill &itO to the surface.

A cross-section of an example of a power generatbris illustrated
in in FIG. 2. In the illustrated embodiment, powggnerators 114 are
disposed on a power generator sub on the drilgttiO4 in cavities 204.
The power generators are seated in cavities 20daendecessed from the
outer surface of the drill string 104. In alteimatembodiments, the power
generators 114 may be flush with the surface ofdhi string, or may
protrude from the surface of the drill string 1G&ially into the annular

space between the drill string 104 and wellbore 106
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The power generators 114 may be directly exposetthaodrilling
fluid 118 which is circulating down the length aktdrill string 104, exiting
the drill string 104 through openings in the doill 110, and returning to the
surface up the annular space 118 defined betwesedrth string 104 and
the wellbore 106. In alternative embodiments, plogver generators 114
may be exposed indirectly to the drilling fluid 118., there may be a
material between the power generators 114 andndrifluid 118. The
power generators 114 are connected to one or nawerpcondition units
202. The power conditioning units serve to imprdkie quality of the
electrical power that is generated by the poweegsors 114 and delivered
to a downhole tool or stored.

The power generators 114 are thermoelectric gesrsraand
comprise one or more thermoelectric materials toved a heat gradient
along the material into electrical power. Therneg#ic material generates
a voltage potential in response to an applied teatpee differential and,
when in used in series with an electrical loadyentrand hence power are
generated. When no current is drawn, a voltagenpial is created that is
proportional to the temperature differential, theoefficient of
proportionality being the Seebeck coefficient. Bezbeck coefficient of a
material is a measure of the magnitude of an inditicermoelectric voltage
in response to a temperature difference acrossntatdrial, as induced by
the Seebeck effect. The Seebeck effect is a phenon in which the
temperature-induced voltage potential called ebmstitive force (EMF) is
generated when there is a temperature gradieng dhenlength of material.
When heat is applied at one end of the materiatdueelectrons flow from
the hot end of the material to the cold end. # thaterial is connected
through an electrical circuit, current flows thrbughat circuit. The
relationship between the EMF and the temperatufeerdnce can be

represented as:
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EMF =S x AT, [1]

whereEMFis the voltage potential of the cold end with redge the
hot end of the materia$, is the Seebeck coefficient of the material, Afid
is the temperature difference of the hot end wabpect to the cold end.
Because the voltage potential is proportional eotémperature differential,
maximizing the temperature difference across theena is an important
consideration in thermoelectric generator design.

A cross-section of an example of a power genefidris illustrated
in FIG. 3. This example includes at least a U-slagavity 302 on the drill
string 104. The cavity 204 is disposed in locafwaximate to wear band
112 to minimize erosion of the power generator fsam drilling fluid 118
flow. A thermal insulator 304 is disposed in tharity 302. The thermal
insulator 304 is preferably a non-metallic materiblon-limiting examples
of such materials include polyamideimide, polypHeng, or
polyetherketone, and ceramics or ceramic compobkesalcium silicate,
fiber glass composite, or metal oxide. The thermsiilator 304 insulates
the power generator 314, so that instead of heaglm®nducted around the
power generator 314, it is preferentially conductedough the power
generator 314.

Two differing materials 306 and 308 are disposedtlan thermal
insulator 304. Materials 306 and 308 should cosapdifferent Seebeck
coefficients, and preferably have a large Seebeekficient delta between
each other. Non-limiting examples of such matec@hbinations include
metals, metal alloys, and highly-doped semicondsctdNon-limiting
examples may include Chromel-Constantan, Chromein&l and Nicrosil-
Nisil.

The two differing materials A and B are joined aeeend called the
junction. The other ends of the materials are h&ddo the terminals of the

power conditioning unit 202 by means of connectimges. Extending
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Equation (1) to the power generator with two dissimmaterials in FIG. 3
gives:

EMF = AS X AT, [2]

where EMFis the potential difference generated between tine t
ends of the dissimilar materials 306 and 308,is the absolute Seebeck
coefficient of one material relative to the othsg,— Sz, and AT is the
temperature difference of the hot side with respedhe cold side. If the
two materials have the same absolute Seebeck ceet§,i.e., S, = S,
then the power generator generatesEM¥F, regardless of the temperature
difference.

During operation in the wellbore 106, heat is gatedt on the
surface of the drill string 104. Accordingly, thenction of the two
dissimilar materials 306 and 308 is relatively aothan the other ends of
each material 306 and 308. Due to the Seebecgtefifee electrons in both
materials 306 and 308 diffuse from the hot sidéhtocold side. The free
electrons in both dissimilar materials 306 and 2WBuse at different
speeds due to different Seebeck coefficients oernas 306 and 308, thus
creating a potential difference between the twosenfl the dissimilar
materials 306 and 308. The potential differeneatad between the ends of
the dissimilar materials 306 and 308 can be utliz® provide electrical
power to a downhole tool or stored. In the illagdd embodiment, the
electrical power generated in the power generaiar i3 conditioned by
power conditioning unit 202.

A cross-section of another example of a power gdoer4l4 is
illustrated in FIG. 4. This example includes atstea cavity 402 on the drill
string 104. The cavity 204 is disposed in locafiwaximate to wear band
112 to minimize erosion of the power generator fsam drilling fluid 118
flow. A thermal insulator 404 is disposed in thasity 402. The thermal

insulator 404 is preferably a non-metallic materidlon-limiting examples
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of such materials include polyamideimide, polypHeng, or
polyetherketone, and ceramics or ceramic compobkescalcium silicate,
fiber glass composite, or metal oxide. The thermsililator 404 insulates
the power generator 414, so that instead of heaglwnducted around the
power generator 414, it is preferentially conductadough the power
generator 414.

A thermoelectric generator 406 is disposed on lieental insulator
404. A thermal conductor 408 is disposed on tleentioelectric generator
406. The power generator 414 may be sealed aghasgtterior of the drill
string 104 by a sealing element 410, such as angxogether with backup
ring. The selected grades used must be suitablthéomtended operating
conditions. The thermoelectric generator 406 maydmposed of highly
doped semiconductor materials. Non-limiting exaspbdf such materials
may include any elements, alone or in combinatsatected from Groups
I, 111, 1V, V, and VI of the Periodic Table of Eleents. Particular examples
of elements include silicon, germanium, arseniogztellurium, and lead.
Particular examples of compounds may include bienbefuride and lead
telluride. The selection of materials will deperd,least in part, on the
operating temperatures and pressures downhole.

During operation in the wellbore 106, heat is gatext on the
surface of the drill string 104. The heat is treghppn the surface of the
thermal conductor 408 and flows to the thermoelectrenerator 406
through thermal conduction. Accordingly, the thafroonductor 408 acts
as a heat source on one side of the thermoelggnerator 406,e., the hot
side. The thermal insulator 404, which is insthlém the other side of the
thermoelectric generatoi,e., the cold side, keeps minimal heat from
conducting on the cold side of the thermoelectenarator 406. As a
result, there is a thermal gradient formed betwbenhot and cold sides of

the thermoelectric generator 406. The thermaligradesults in diffusion
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of electrons in the thermoelectric generator 40&his flow of electrons

generates a voltage potential across the therntdelgenerator 406 due to
the Seebeck effect. The potential difference exkdtetween the sides of
the thermoelectric generator 406 can be utilizegrowide electrical power
to a downhole tool or stored. In the illustratedbediment, the electrical
power generated in the power generator 414 is tondd by power

conditioning unit 202.

FIG. 5 is a schematic representation of a thernatiideassembly,
including power generators 514, a power conditignumit 502, and
multiple loads requiring power 506. As a singlavpo generator 514 may
not be suitable for supplying enough power to a lmaevery instance, the
power generators 514 shown in FIG. 5 are fed ialf@r(1, 2, ... to N) to a
power conditioning unit. The power conditioningitumay comprise a
rectifier, booster circuit, smoothing and filteringrcuit. The power
conditioner 502 improves the quality of the powad dahen provides the
power to the respective loads 506. For instarieepbwer conditioner 502
may provide power to components of downhole toslgh as electronics
and sensors 504. The power from the power comditi®02 may also be
used to charge capacitors 506, supercapacitors b08techargeable
batteries 510.

FIG. 6 is a cross-sectional top-view of a poweregator sub. In the
illustrated embodiment, four power generators 6Bidisposed around the
circumference of the drill string 106. The powengrators 614 are shown
disposed at 90° intervals around the drill strifi.1 However, the power
generators 614 could be disposed in any numbemrtady interval about
the drill string 106.

In addition to the embodiments described above,ynexamples of
specific combinations are within the scope of tlseldsure, some of which

are detailed below:
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Example 1. A system for providing electrical powera wellbore
comprising:

a drill string disposed within the wellbore comprg an outer
surface defining an annular space between thedtiiilg and the wellbore;
and

a power generator sub disposed in a cavity on tiber gurface of the
drill string, the generator sub comprising:

a thermoelectric generator; and
a thermal insulator disposed adjacent to and dgdiavard

from the thermal generator,

wherein the power generator sub is in contact ittrilling fluid

flowing through the annular space.

Example 2. The system of example 1, the power gémersub
further comprising a hot side disposed on a sideoimtact with the drilling

fluid and a cold side on the opposing side.

Example 3. The system of example 1, further cormgisa
plurality of power generator subs disposed on therosurface of the drill

string.

Example 4. The system of example 4, wherein theajity of

power generator subs are coupled in parallel.

Example 5. The system of example 4, wherein theapty of

power generator subs are coupled in series.

Example 6. The system of example 1, further commgis power

conditioning unit.

Example 7. The system of example 1, wherein thegp@e&nerator

sub is disposed proximate a wear band disposedeodrill string.
12
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Example 8. The system of example 1, the power gémersub
further comprising a thermal conductor disposeceeht to and radially

outward from the thermoelectric generator.

Example 9. The system of example 8, wherein a geltaotential
is generated across the thermoelectric generatavayyof a thermal path

across the thermoelectric generator.

Example 10. The system of example 9, further cosnmgi a
downhole tool, the downhole tool comprising elesics and sensors

configured to be powered at least in part by theage potential.

Example 11. The system of example 9, further cosmmi a
capacitor, the capacitor configured to be chargeteast in part by the

voltage potential.

Example 12. The system of example 1, the thermtrelepower
generator further comprising two materials compgsdifferent Seebeck

coefficients.

Example 13. The system of example 12, wherein tagelpotential
is generated across the two materials by way dieantal path created

across the two materials.

Example 14. The system of example 13, further csmy a
downhole tool, the downhole tool comprising elesics and sensors

configured to be powered at least in part by theage potential.

Example 15. The system of example 13, further cosmy a
capacitor, the capacitor configured to be chargeteast in part by the

voltage potential.

13
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Example 16. A power generator sub apparatus dispwsa cavity

on an outer surface of a drill string comprising:
a thermoelectric generator; and

a thermal insulator disposed adjacent to and dgdraiard from the

thermal generator,

wherein the power generator sub is in contact ittirilling fluid

flowing through the annular space.

Example 17. The apparatus of example 16, the payeserator
further comprising a hot side disposed on a sideoimtact with the drilling

fluid and a cold side on the opposing side.

Example 18. The apparatus of example 16, furthenpesing a
plurality of power generators disposed on the ousteface of the drill

string.

Example 19. The apparatus of example 18, wheramthrality of

power generators are coupled in parallel.

Example 20. The apparatus of example 18, wherarpthrality of

power generators are coupled in series.

Example 21. The apparatus of example 16, furthenprising a

power conditioning unit.

Example 22. The apparatus of example 16, wheree pbwer

generator is disposed proximate a wear band didpmsé¢he drill string.

Example 23. The apparatus of example 16, the pgererator sub
further comprising a thermal conductor disposeceelt to and radially

outward from the thermoelectric generator.

14
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Example 24. The apparatus of example 23, whereinolage
potential is generated across the thermoelectriterggéor by way of a

thermal path across the thermoelectric generator.

Example 25. The apparatus of example 24, furthenperising a
downhole tool, the downhole tool comprising elesics and sensors

configured to be powered at least in part by theage potential.

Example 26. The apparatus of example 24, furthenpeising a
capacitor, the capacitor configured to be chargeteast in part by the

voltage potential.

Example 27. The apparatus of example 16, the theleawic
generator further comprising two materials compgsdifferent Seebeck

coefficients.

Example 28. The apparatus of example 27, whereinolage
potential is generated across the two materialsvAy of a thermal path

created across the two materials.

Example 29. The apparatus of example 28, furthenprising a
downhole tool, the downhole tool comprising elesics and sensors

configured to be powered at least in part by theage potential.

Example 30. The apparatus of example 28, furthenpesing a
capacitor, the capacitor configured to be chargeteast in part by the

voltage potential.

Example 31. A method for providing electrical powera wellbore
comprising:

providing a thermoelectric power generator on theeosurface of a
drill string, the power generator being in contath drilling fluid flowing

through an annular space outside the drill stramy
15
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converting thermal energy of the drilling fluid entelectrical power
using Seebeck effect to create a voltage poterst@bss the power

generator.

While the aspects of the present disclosure maguseeptible to
various modifications and alternative forms, specédmbodiments have
been shown by way of example in the drawings ame lh@en described in
detail herein. But it should be understood thatitivention is not intended
to be limited to the particular forms disclosedita, the invention is to
cover all modifications, equivalents, and altenegifalling within the spirit

and scope of the invention as defined by the fahgwappended claims.
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CLAIMS

We claim:

Claim 1. A system for providing electrical power in a weltbo

comprising:

5 a drill string disposed within the wellbore comprg an outer
surface defining an annular space between thedtniig and

the wellbore; and

a power generator sub disposed in a cavity on tber gurface of the

drill string, the generator sub comprising:
10 a thermoelectric generator; and

a thermal insulator disposed adjacent to and rdgdiavard

from the thermal generator,

wherein the power generator sub is in contact aittirilling fluid

flowing through the annular space.

15 Claim 2. The system of claim 1, the power generator subhéurt
comprising a hot side disposed on a side in comtdhtthe drilling fluid

and a cold side on the opposing side.

Claim 3. The system of claim 1, further comprising a pluyadif power

generator subs disposed on the outer surface afrilhstring.

20 Claim 4. The system of claim 4, wherein the plurality of mow

generator subs are coupled in parallel.

Claim 5. The system of claim 4, wherein the plurality of mow

generator subs are coupled in series.

17
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Claim 6. The system of claim 1, further comprising a power

conditioning unit.

Claim 7. The system of claim 1, wherein the power generatdr is

disposed proximate a wear band disposed on tHestiig.

Claim 8. The system of claim 1, the power generator subhéurt
comprising a thermal conductor disposed adjacentarid radially

outward from the thermoelectric generator.

Claim 9. The system of claim 8, wherein a voltage potentsl
generated across the thermoelectric generator lyyofva thermal path

across the thermoelectric generator.

Claim 10. The system of claim 9, further comprising a dowehtol,
the downhole tool comprising electronics and sensonfigured to be

powered at least in part by the voltage potential.

Claim 11. The system of claim 9, further comprising a capecithe
capacitor configured to be charged at least in pgrtthe voltage

potential.

Claim 12. The system of claim 1, the thermoelectric poweregator
further comprising two materials comprising diffiete Seebeck

coefficients.

Claim 13. The system of claim 12, wherein a voltage potenisal
generated across the two materials by way of anthlepath created

across the two materials.

Claim 14. The system of claim 13, further comprising a dowattool,
the downhole tool comprising electronics and sensonfigured to be

powered at least in part by the voltage potential.

18



Claim 15. The system of claim 13, further comprising a cajpagcithe
capacitor configured to be charged at least in jpgrtthe voltage

potential.

Claim 16. A power generator sub apparatus disposed in aycawmitan

5 outer surface of a drill string comprising:
a thermoelectric generator; and

a thermal insulator disposed adjacent to and Hgdiahvard from the

thermal generator,

wherein the power generator sub is in contact aittrilling fluid

10 flowing through the annular space.

Claim 17. The apparatus of claim 16, the power generatorhéurt
comprising a hot side disposed on a side in contdhtthe drilling fluid

and a cold side on the opposing side.

Claim 18. The apparatus of claim 16, further comprising aglity of

15 power generators disposed on the outer surfadeeddrill string.

Claim 19. The apparatus of claim 18, wherein the pluralitypafver

generators are coupled in parallel.

Claim 20. The apparatus of claim 18, wherein the pluralitypafver

generators are coupled in series.

20 Claim 21. The apparatus of claim 16, further comprising a @ow

conditioning unit.

Claim 22. The apparatus of claim 16, wherein the power ge¢oeia

disposed proximate a wear band disposed on tHesutiilg.

19
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Claim 23. The apparatus of claim 16, the power generatorfstther
comprising a thermal conductor disposed adjacentarid radially

outward from the thermoelectric generator.

Claim 24. The apparatus of claim 23, wherein a voltage patemng
generated across the thermoelectric generator lyyofva thermal path

across the thermoelectric generator.

Claim 25. The apparatus of claim 24, further comprising a nloale
tool, the downhole tool comprising electronics aedsors configured to

be powered at least in part by the voltage potentia

Claim 26. The apparatus of claim 24, further comprising aac#pr, the
capacitor configured to be charged at least in pgrtthe voltage

potential.

Claim 27. The apparatus of claim 16, the thermoelectric gwner
further comprising two materials comprising difflete Seebeck

coefficients.

Claim 28. The apparatus of claim 27, wherein a voltage patemng
generated across the two materials by way of anthkepath created

across the two materials.

Claim 29. The apparatus of claim 28, further comprising a wlosle
tool, the downhole tool comprising electronics aedsors configured to

be powered at least in part by the voltage potkntia

Claim 30. The apparatus of claim 28, further comprising aacépr, the
capacitor configured to be charged at least in jbgrtthe voltage

potential.

20



Claim 31. A method for providing electrical power in a weltbo
comprising:
providing a thermoelectric power generator on theeosurface of a
drill string, the power generator being in contadh drilling
5 fluid flowing through an annular space outside dh# string;

and

converting thermal energy of the drilling fluid entelectrical power
using Seebeck effect to create a voltage poteatimdss the

power generator.
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