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(57) Abrege/Abstract:

Disclosed Is a method and apparatus for collecting energy in a well. An energy collecting arrangement (5) located in a well (3) may
be used to collect energy from variations In fluid pressure in the well. The energy may be used to control downhole apparatus,
and/or may be stored for later use.
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Wellbore Energy Collection

Field of the Invention

The invention relates to a method and apparatus for collection energy in a well from
fluid pressure variations in the well, and in particular to a method and apparatus for use

in generating power for logging of a non-producing well.

Background to the Invention

In the oll and gas industry, wells are drilled into the earth to intercept subterranean
formations, which typically include a combination of oil, gas and water. Throughout the
lifetime of a well, it may be required to introduce apparatus into a well, the operation of

which requires a source of power.

For example, it may be required to measure conditions (such as temperature, pressure,
water content and the like) and/or to control devices, such as valves, sleeves, or other
devices. Power for such apparatus may be required throughout and in some cases for
some time after the operational lifetime of a well, sometimes over the course of many

years.

In some Iinstances it may be impractical or impossible to supply power from the
surface. Increasingly, placing of downhole components may conflict with future access
requirements. For example, it may not be possible for power transmission cables to
bypass packers. Apparatus may also become isolated, for example in an old branch of

a multilateral well, or where topside installations are removed or abandoned.

Power may be supplied from electrical cells or batteries introduced into a well, but
these can only supply power for relatively short periods and are generally considered to
be unsuitable for powering down hole equipment over prolonged periods. Accordingly,
there remains a need for improved means to power apparatus in a well, particularly to

supply power over long periods of time.
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Summary of the Invention

According to a first aspect of the invention there is provided a method of collecting
energy In a well, comprising providing an energy collecting arrangement in a well, and
using the energy collecting arrangement to collect energy from variations in fluid

pressure in the well.

The method may comprise collecting energy in a non-producing well, such as a shut-in

well. The method may comprise collecting energy in a subsea well.

The variations In fluid pressure may be variations in lithostatic pressure, for example

resulting from tidal pressure variations. The variations in fluid pressure may be cyclic.

The variations in fluid pressure may result from changes in fluid flow in the well. For
example, the flow of fluid and thus the pressure in a well may change naturally over the

course of time, or as a result of changes in fluid flow or pressure in an adjacent well.

The variations In fluid pressure may be induced pressure changes. For example, fluid
pressure variations may be induced in a well by pumping fluid into the well, or into/out
of an adjacent well. Variations in fluid pressure in a well may be induced by changing
flow rates of fluid into/through a well (e.g. by operating an inflow control device) or out

of a well (e.g. by choking flow from the well at the surface).

The method may comprise operating a downhole tool, or downhole apparatus, using

the collected energy.

The collected energy may be mechanical energy or may be electrical energy (which
may be later converted into mechanical energy). Mechanical energy may for example
be collected as potential energy in a resilient member, or as potential energy in a

pressurised fluid.

The method may comprise running the energy collecting arrangement into a well. The
method may comprise running a downhole tool comprising the energy collecting

arrangement, into a well. The method may comprise subsequently shutting-in a well.
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The method may comprise collecting electrical energy by electromagnetic induction.
The method may comprise collecting electrical energy from a piezoelectrically

generated voltage. The method may comprise collecting mechanical energy.

The energy collecting arrangement may comprise one or more energy collectors.

The energy collecting arrangement may comprise one or more electrical energy
collectors. For example, an energy collector may comprise a piezoelectric element or
an energy collector may comprise an inductor in moveable relation to a permanently

magnetic member.

The energy collecting arrangement may comprise one or more mechanical energy
collectors. For example, an energy collector may comprise a moveable member (e.g. a
diaphragm) operably connected to downhole apparatus, for example via an

addressable mechanism such as a ratchet mechanism.

The collected energy may be used immediately (i.e. substantially at the same time or
over the same period as a fluid pressure variation). The collected energy may be

stored, for later use.

Accordingly, the method may comprise storing energy. The method may comprise
storing the energy In a well, for example using an energy storage arrangement

connected to, or forming a part of, the energy collecting arrangement.

The stored energy may be stored electrical energy (e.g. in a battery) or may be stored

mechanical energy (e.g. potential energy in a resilient member such as a spring).

The method may comprise collecting data relating to a downhole property, or more

than one downhole property.

The method may comprise collecting data using a sensor arrangement. The method
may comprise powering the sensor arrangement using electrical energy collected by
the energy collecting arrangement. The method may comprise powering the sensor

arrangement using stored electrical energy.
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The method may comprise storing the collected data, for example on a data store.

The downhole tool/apparatus may include well control apparatus, e.g. one or more
Inflow control devices, such as one or more inflow control valves, slideable sleeve
segments and the like. The downhole tool/apparatus may be operated using collected

or stored energy, which may be electrical or mechanical energy.

The downhole apparatus may be addressable, i.e. may be operable by way of a
predefined series/number of steps. The downhole apparatus may be mechanically
addressable. Accordingly, the method may comprise operating a downhole
tool/apparatus by way of a predefined series/number of Iinduced fluid pressure

variations in the well.

The tool/apparatus may be operated incrementally, each of the pressure variations In
the well moving downhole apparatus (e.g. addressable apparatus) by an increment

(e.g. to the next addressed position).

The method may comprise communicating with the energy collecting arrangement, or a
downhole tool, wirelessly. The method may comprise issuing wireless control signals,
for example to control a sensor arrangement, or to activate, deactivate or otherwise
control the energy collecting arrangement. The method may comprise receiving

wireless signals, for example data transmitted wirelessly from a downhole tool.

The method may comprise communicating wirelessly by way of induced pressure

variations.

The method may comprise collecting energy (continuously, or intermittently) over a
long period of time, for example over a period of months or years (e.g. 5-10 years, or

greater than 10 years).

The method may comprise collecting data (continuously, or intermittently) over a long
period of time, for example over a period of months or years (e.g. 5-10 years, or

greater than 10 years).
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According to a second aspect of the invention there is provided a wellbore energy
collecting arrangement configured to collect energy in a well, responsive to fluid

pressure variations.

The wellbore energy collecting arrangement may be configured to collect energy from

variations in fluid pressure and/or from a fluid pressure differential.

The fluid pressure in a well may be in the region of approximately 200-30,000 psi (or
approximately 10-2,000 Bar). Accordingly, the wellbore energy collecting arrangement
may be configured to function in the operating conditions, and in particular the fluid

pressures, encountered in a well.

The variations In fluid pressure may be variations in lithostatic pressure. Lithostatic
pressure (also known as overburden pressure) may vary, for example, due to tides or
temperature fluctuations in a well. The variations in fluid pressure may be caused by
topside activities, for example by pumping or introducing drilling mud or other fluids into
the same, or an adjacent well. The variations in fluid pressure may be caused by

changes in fluid flow In the well.

In some circumstances, pressure variations may be induced, for example for the

purposes of using the collecting arrangement to collect electrical energy.

The wellbore energy collecting arrangement may be configured to collect electrical
energy from a pressure differential between a first fluid volume and a second fluid

volume.

A first fluid volume may be a fluid volume inside a tubular. A first fluid volume may be
defined by the wellbore energy collecting arrangement and, for example, may be an
Isolated fluid volume Internal to the energy collecting arrangement. A second fluid
volume may be, or may be in fluid communication with, a fluid volume outside the
wellbore energy collecting arrangement, such as a fluid volume outside of a tubular, or

a fluid volume in a well or a casing in a well.

The wellbore energy collecting arrangement may comprise one or more energy

collectors. The energy collecting arrangement may comprise one or more electrical
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energy collectors. For example, an energy collector may comprise a piezoelectric
device, configured to generate a voltage which varies in response to variations in

pressure.

The piezoelectric device may be adapted to flex or compress, responsive to pressure.

The piezoelectric device may comprise one, or more than one piezoelectric element.
For example, a piezoelectric device may comprise a multi-layer element, comprising for
example a stack of two or more layers of piezoelectric material, or a cantilever

comprising two or more layers of piezoelectric material.

The wellbore energy collecting arrangement may comprise an energy collector
configured to collect, or generate, electrical energy by way of induction. Accordingly,
the wellbore energy collecting arrangement may comprise an inductor and a

permanently magnetic member, moveable in relation to one another.

The wellbore energy collecting arrangement may comprise one or more mechanical
energy collectors. For example, an energy collector may comprise a moveable member
operably connected, for example via an addressable mechanism such as a ratchet

mechanism, to mechanical apparatus.

An energy collector (electrical or mechanical) may comprise a moveable member, such

as a diaphragm, piston or turbine (e.g. a microturbine).

The moveable member may serve to transmit and/or to amplify a motion or deflection

caused by changes in fluid pressure.
The moveable member may be disposed between first and second fluid volumes.
Accordingly, changes in relative fluid pressures of the first and second fluid volumes

may cause displacement of the moveable member.

The moveable member may form part of, or be coupled to, an energy collector.
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For example, the moveable member may comprise or be coupled to an inductor or a
permanently magnetic member. Accordingly, movement of the moveable member may

cause a voltage to be induced.

The wellbore energy collecting arrangement may comprise a piezoelectric device
coupled to a moveable member, such as a diaphragm (for example, disposed between
distinct fluid volumes) or “cymbal® arrangement. Thus, changes in the pressure
differential across the diaphragm may cause changes Iin the stress and/or strain

received by a piezoelectric device.

Alternatively, or in addition, the wellbore energy collecting arrangement may comprise
a piston (positioned between distinct fluid volumes). Movement of the piston may
induce a voltage, or may displace a fluid through a turbine so as to induce a voltage.
Movement of the piston may cause movement of a resilient member (so as to store
mechanical energy in the resilient member). Movement of the piston may be coupled to
movement of other mechanical apparatus, for example a wellbore control apparatus.
Thus, the piston, or other moveable member, may be coupled to a resilient member or
other mechanical apparatus via a mechanical coupling. The mechanical coupling may
be indexed or addressable. Thus, movement of the mechanical member may be

transmitted incrementally via the mechanical coupling.

The wellbore energy collecting arrangement may comprise more than one energy

collector and/or more than one type of energy collector.

The Invention extends in a third aspect to a downhole tool comprising a wellbore

energy collecting arrangement.

The downhole tool may comprise a sensor arrangement, operable to collect data

relating to sensor readings.

The sensor arrangement may be configured to determine at least one downhole

property.
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The sensor arrangement may be configured to determine one or more downhole
properties selected from (but not limited to) the group of downhole properties
comprising;

temperature; chemical composition, such as composition of a chemical element or
elements, e.g. carbon composition, oxygen composition; water saturation, salinity,

iInterfacial properties, conductivity, acoustic properties.

The sensor arrangement may comprise one or more sensors. I'he sensor arrangement
may comprise a sensor array. The sensor arrangement may comprise one or more
sensors selected from (but not limited to); a diaphragm type pressure sensor, a
transducer type sensor, a distributed temperature or pressure sensor (e.g. an optical

fibre-type distributed sensor).

The wellbore energy collecting arrangement may be operable to function as a sensor

arrangement.

A magnitude of an electrical signal (voltage or current) generated by the wellbore
energy collecting arrangement may be used as a sensor reading. For example, a
magnitude of an electrical signal may correspond to a certain stress or strain received
by a piezoelectric device, and so may correspond to a fluid pressure applied to the
piezoelectric device; or a magnitude of an induced current/voltage may correspond to a
rate of change of pressure. In some embodiments, the differences between electrical
signals generated by corresponding electrical sensors, and/or differences in electrical

signals generated over time, may be used as a sensor reading.

The wellbore energy collecting arrangement may be operable to function to collect
energy for a first period of time and to function as a sensor arrangement for a second

period of time.

The downhole tool, or the wellbore energy collecting arrangement, may comprise a
power storage arrangement. Accordingly, the power storage arrangement may be
configured to receive and store collected energy, for later use. For example, the power
storage arrangement may be “trickle-charged” over a period of time (for example days

or weeks).
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The power storage arrangement may comprise one, or more than one power store.
The power storage arrangement may for example comprise one or more capacitive
storage devices, and/or an electrical cell or a battery of electrical cells. The power
storage arrangement may for example comprise one or more mechanical storage

devices, such as a resilient or elastic member, and/or a fluid accumulator.

Each energy collector may be associated with a power store. Each power store may be

associlated with one, or more than one energy collector.

The downhole tool, or the wellbore energy collecting arrangement, may comprise a
communication arrangement. The communication arrangement may be operable to
communicate information to and from the surface (for example to equipment on a
surface installation, such as a rig or a ship), when the tool/arrangement is positioned in

a well.

The communication arrangement may be configured to send and/or receive information
wirelessly. The communication arrangement may comprise a wireless transmitter,

recelver and/or transceiver.

Information may be transmitted/received wirelessly by way of electromagnetic signals,

such as radio frequency or microwave frequency signals.

Information may be transmitted/received wirelessly by way of pressure changes (for

example a sequence of induced pressure variations) or acoustic signals.

Wireless information may be received by a wireless transceiver, such as a pressure or

acoustic transcelver.

The wellbore energy collecting arrangement and/or the sensor arrangement may be
configured to receive wireless information and thereby function as a communication

arrangement.

Electromagnetic information may be transmitted/received wirelessly by way of a

wireless communication standard such as a ZigBee standard, or a telecommunications
standard such as GSM, GPRS or UMTS.
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Wirelessly transmitted information may be used to control the downhole tool, or the
wellbore energy collecting arrangement. Wireless information may, for example, trigger
activation or operation of the energy collecting arrangement, or component parts of the
downhole tool such as a sensor arrangement, or a transmitter. Wirelessly transmitted
iInformation may cause the wellbore energy collecting arrangement to change between
a configuration in which the wellbore energy collecting arrangement collects energy,
and a configuration in which the wellbore energy collecting arrangement functions as a

sensor arrangement.

The communication arrangement may be configured to send/receive Information

wirelessly over long and/or short range.

For example, in use of the downhole tool in a well, information may be wirelessly
transmitted/received between the downhole tool and equipment at the surface, or on
the sea bed. Information may alternatively be wirelessly transmitted/received over a
shorter range, for example between the downhole tool and equipment introduced into a

part of a well in proximity to the downhole tool.

The communication arrangement may be configured to send and/or receive information
by way of a physical connection. For example, the communication arrangement may
comprise, or be In connection with, an electrical conduit (e.g. a wireline), an optical

fiore, or a hydraulic conduit, or the like.

The downhole tool, or the wellbore energy collecting arrangement, may comprise a
control module, operable to receive control Information received from the
communication arrangement. The control module may comprise a processing

resource, such as a computer processor.

The downhole tool may comprise a data store, configured to store data received from
the sensor arrangement (such as raw or processed sensor data). Stored data may be
transmitted by the communication arrangement, for example periodically or consequent

to received control information.
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The downhole tool may be a data logging downhole tool. Downhole measurements
may be required before, during and in some cases for prolonged periods after the
producing lifetime of a well. A downhole tool in accordance with the invention is
configured to collect, generate and/or store energy in situ and is therefore capable of

providing power for downhole measurements to be performed indefinitely.

The downhole tool or the wellbore energy collecting arrangement may comprise or be
connected to, well control apparatus, e.g. one or more inflow control devices, such as

one or more inflow control valves, slideable sleeve segments and the like.

In use, data received from the sensor arrangement may be used to inform well control
decisions, and well control operations may be executed by control apparatus powered

by the wellbore energy collecting arrangement or the power storage arrangement.

The downhole tool, or the wellbore energy collecting arrangement, may comprise or be
coupled to a body, such as a tubular body or mandrel. The body may be configured to
be coupled to a tubular at one or both ends, for example so as to form part of a tubing

string.

The downhole tool, or one or more component parts thereof (e.g. the wellbore energy
collecting arrangement, or the electrical collector(s)), may be recessed into the body.
For example, the body may comprise a gauge mandrel into which the downhole tool or

component parts thereof are recessed.

The body may define an isolated first fluid volume, which may be internal to the body.
The wellbore energy collecting arrangement (or a component part of the energy
collecting arrangement, such as a moveable member and/or a piezoelectric element)
may be disposed between the first fluid volume and a second fluid volume external to
the body (e.g. inside or outside of a tubular body) or in fluid communication with fluid

external to the body.

Further preferred and optional features of each aspect of the invention correspond to

preferred and optional features of any other aspect of the invention.
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Description of the Drawings

Non-limiting example embodiments of the invention will now be described with

reference to the following figures in which:

Figure 1 shows a downhole tool, comprising a wellbore energy collecting arrangement,

In accordance with an embodiment of the invention.

Figure 2 Is a schematic representation of a vessel in communication with a downhole

logging tool positioned in a shut-in well.

Figure 3 shows a wellbore energy collector of the apparatus shown in Figure 1.

Figure 4 shows variations in (a) tide level and (b) maximum and minimum lithostatic

pressure in a well.

Figure 5 shows alternative downhole apparatus in accordance with the invention.

Figure 6 is a schematic representation of the apparatus of Figure 5 in a producing well.

Detailed Description of Example Embodiment

Figure 1 shows a downhole tool 1 positioned in a well 3 of a shut-in, non-producing
well. The downhole tool is typically run into the well as part of a tubing string, for
example during completion of the well, or during the operational lifetime of a well. The
downhole tool 1 comprises a wellbore energy collecting arrangement 5 on a tubular
body 7. The energy collecting arrangement 5 comprises an array of energy collectors

9, and is configured to collect energy responsive to fluid pressure variations in the well
3.

The wellbore energy collecting arrangement 5 comprises an array of energy collectors

9, which are described in further detail below with reference to Figure 3.

The downhole tool 1 further comprises a power store 11, in the form of an electrical

battery, in electrical connection with the energy collectors 9. A control module 13 Is
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operable to draw electrical power from the electrical battery 11, and control the
operation of the sensor arrangement 15. In the embodiment shown, the sensor
arrangement is comprised of a temperature sensor 17. In alternative embodiments (not
shown) the power store and control module may be used to power and control the
operation of other apparatus, such as another type of sensor and/or well control

apparatus, of types known in the field of oil and gas operations.

The control module 13 also includes a data store 21, for storing data collected by the
sensor arrangement 15. Optionally, the control module may also be configured to
periodically detect the voltage generated by the collectors 9. As described above, the
voltage varies with fluid pressure in the well and thus data stored on the data store 21
may also Iinclude voltages generated by the collectors 9, or corresponding well

pressure values.

An acoustic wireless transceiver 23 Is connected to the control module and mounted on
the tubular 7. In use, the operation of the apparatus 1 can be controlled by way of
control signals sent wirelessly from topside apparatus. For example, control signals
and stored data may be transmitted between the downhole tool and a communication
node 25 having an acoustic transceiver (not shown) coupled to the wellhead 26 of the
well 3, on the sea bed 27; as shown schematically in Figure 2. In the embodiment
shown, the communication may be established between a vessel 28 by way of a

conduit 29, to enable logging data to be periodically acquired from the downhole tool 1.

Figure 3 shows a detail schematic view of an energy collector 9 of the tool 1. The
energy collector is Iin the form of a cymbal-type piezoelectric device. The energy
collector 9 comprises a stack of piezoelectric elements 30, which are electrically
connected to the battery 11 (electrical connections depicted by terminals + and -). The
piezoelectric elements 30 are attached to deformable end caps, or “cymbals” 32. The
caps enclose isolated fluid volumes V. The external faces 34 of the end caps are In

fluid communication with fluid external to the apparatus 1.

An increase in the external pressure P applied to the surfaces 34 causes a change in
the compression of the cymbal, which is translated into extension of the piezoelectric
elements 30, in the direction A. Conversely, the cymbals expand, and the piezoelectric

elements contract, if the external pressure is reduced. Thus, when the apparatus is
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positioned in a well, the pressure differential between the isolate volumes V and the
external pressure applied to the surfaces 34 varies with changes in the fluid pressure Iin
the well, including the tidal changes Iin lithostatic pressure. Accordingly, the
piezoelectric elements generate an oscillating electrical voltage, corresponding to tidal

5 lithostatic pressure changes.

In offshore environments, the effect of sea tides on reservoir pressure is typically
regarded as an artefact recorded during monitoring applications, such as well testing
pressure build-up or other static pressure monitoring applications. However, in many

10 locations around the globe, significant water depth changes occur during tidal cycles
and these changes Iin water depth may cause a measurable change in reservoir
pressure, in the order of 0.8-1 bar. Figure 4(a) shows a diagrammatic representation of
tidal sea level variation over a 7 day period. Figure 4(b) shows corresponding
variations around the average lithostatic/overburden pressure measured in a well.

15
The wellbore energy collecting arrangement 5 is configured to collect electrical energy
responsive to pressure variation in the well of this order of magnitude. These tidal
pressure variations provide for a predictable and reliable energy source. The collected
electrical energy charges the battery 11, and provides sufficient power for periodic

20 readings to be periodically acquired (e.g. daily, weekly, or monthly) by the sensor
arrangement 15 and stored on the data store 21. The battery may be supplied with
power indefinitely, and thus the apparatus 1 may be used for data logging over far
longer periods (up to several years) than logging apparatus having a stand-along
battery with a finite amount of available charge.

25
In alternative embodiments (not shown) pressure variations in the well could be
induced, by changing the flow of fluid in the wellbore. For example, intermittent flow
could temporarily be re-started in a shut-in well, so as to induce pressure variations
and charge (or re-charge) the battery 11. In use of the tool 1 in a producing well, the

30 rate of production could be intentionally varied so as to induce pressure variations

consequent to the changes in the fluid flow in the well.

Figure 5 shows an alternative embodiment of downhole apparatus 100 in accordance
with the invention. Features of apparatus 100 which are common to apparatus 1 are

35 provided with like reference numerals, incremented by 100.
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The wellbore energy collecting arrangement 105 comprises an array of energy
collectors 109, which are described above with reference to Figure 3. The wellbore
energy collecting arrangement 105 is mounted to a tubular 107, which part of a tubing

string.

Also mounted to the tubular 107 is a power store 111, in the form of an electrical
battery, in electrical connection with the energy collectors 109. A control module 113 Is
operable to draw electrical power from the electrical battery 111, and control the

operation of an inflow control device 140.

In the embodiment shown, the inflow control device includes a slideable sleeve 142,
which is operable to slide within tubular 144. The sliding sleeve is provided with a
series of inner ports 146 and the tubular 144 is provided with corresponding outer ports
148. Movement of the sliding sleeve in the direction A, from the closed position shown,
In which the inner and outer ports are misaligned, to an open position in which the inner
and outer ports are aligned and fluid can flow into the tubular 144, is controlled by use
of an electric actuator 150 coupled to the sliding sleeve and electrically connected to
the control module 113 and the battery 111. The control module is configured to
actuate the actuator 150 in response to a predetermined sequence of signals received
from the energy collectors 109. It is to be understood that in alternative embodiments,

the collected energy could also be used to control other downhole apparatus.

Figure 6 shows the tubing string of Figure 5 in a producing well 103, In the region of a
producing formation 149. Production tubing 151 extends from the well up to a floating
rig 152.

The well 103 is adjacent to an injection well 104. A service vessel 156 is positioned to
iInject water into the Injection well, so as to stimulate production Iin the adjacent
producing well 103, in accordance with normal industry practice. The apparatus 100
may be used to increase production from the formation 149 by moving the sleeve 146
so as to open the inflow control device 140. By modulating the pressure of water
iInjected Into the Injection well 104, pressure variations can be induced, which are
transmitted to the fluid in the producing well 103. The pressure variations induce

corresponding electrical signals from the collectors 109, which cause the control
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module 113 to actuate the actuator 150, and move the sliding sleeve 109. In alternative
embodiments (not shown) the actuator and collectors are hydraulic and the sleeve may
be moved Iincrementally by way of a series of pressure pulses received by the

actuators, so as to open the inflow control device.

While certain embodiments have been described, these embodiments have been
presented by way of example only. Indeed the novel apparatus and methods described
herein may be embodied Iin a variety of other forms; and various omissions,
substitutions and changes may be made without departing from the spirit of the
invention. For example, the apparatus may comprise further sensors or logging
apparatus. For example, the apparatus may comprise additional or alternative energy
collectors, such as microturbines. Operation of the apparatus controlled and/or
transmission of stored data may be effected by e-line from the surface. The
accompanying claims and their equivalents are intended to cover such forms and

modifications as would fall within the scope of the invention.
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CLAIMS

10.

A method for collecting energy in a well, comprising providing an energy
collecting arrangement in a well, and using the energy collecting arrangement

to collect energy from variations in fluid pressure in the well.

A method according to claim 1, comprising collecting energy in a non-producing

well.

A method according to claim 1 or claim 2, comprising collecting energy from

variations in lithostatic pressure.

A method according to claim 1 or claim 2, comprising inducing fluid pressure

variations in a well and collecting energy from the induced pressure variations.

A method according to any preceding claim, comprising operating a downhole

tool or downhole apparatus using the collected energy.

A method according to claim 5, wherein the downhole tool/apparatus is
operated incrementally, each of the pressure variations in the well moving

apparatus by an increment.

A method according to claim 5 or claim 6, wherein the collected energy is used
substantially at the same time or over the same period as each fluid pressure

variation.

A method according to any preceding claim, comprising collecting electrical

energy, and/or collecting mechanical energy.

A method according to claim 8, wherein electrical energy iIs collected by

electromagnetic induction and/or from a piezoelectrically generated voltage.

A method according to any preceding claim, comprising storing energy

collected by the energy collecting arrangement.
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A method according to any preceding claim comprising collecting data relating
to a downhole property, or more than one downhole property, using a sensor

arrangement powered using collected electrical energy.

A method according to any preceding claim comprising communicating
wirelessly with the energy collecting arrangement, or the downhole tool, as the

case may be.

A method according to claim 12, comprising communicating wirelessly by way

of iInduced pressure variations.

A method according to any preceding claim comprising continuously or

intermittently collecting energy in the well over a period of months or years.

A wellbore energy collecting arrangement configured to collect electrical energy

In a well responsive to fluid pressure variations in the well.

A wellbore energy collecting arrangement according to claim 15, configured to
collect energy from a pressure differential between a first fluid volume and a

second fluid volume.

A wellbore energy collecting arrangement according to claim 16, wherein the
first fluid volume is an isolated fluid volume defined by the energy collecting

arrangement.

A wellbore energy collecting arrangement according to any one of claims 15 to

17, comprising one or more energy collectors.

A wellbore energy collecting arrangement according to claim 18, comprising a
piezoelectric device, configured to generate a voltage which varies in response

to variations in fluid pressure.
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24.
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27 .

19

A wellbore energy collecting arrangement according to claim 18 or claim 19,

comprising an energy collector configured to collect electrical energy by way of
induction.

A wellbore energy collecting arrangement according to any one of claims 18 to
20, comprising a moveable member, such as a diaphragm, piston or turbine,

configured to transmit and/or to amplify a motion or deflection caused by
changes in fluid pressure.

A wellbore energy collecting arrangement according to claim 21, wherein the

moveable member is disposed between first and second fluid volumes.

A wellbore energy collecting arrangement according to any one of claim 15 to

22, operable to collect electrical energy for a first period of time and to function

as a sensor arrangement for a second period of time.

A downhole tool comprising a wellbore energy collecting arrangement
according to any one of claims 15 to 23.

A downhole tool according to claim 21, comprising a sensor arrangement,
operable to determine at least one downhole property, selected from (but not
limited to) the group of downhole properties comprising;

temperature; chemical composition, such as composition of a chemical element

or elements, e.g. carbon composition, oxygen composition; water saturation,

salinity, interfacial properties, conductivity, acoustic properties.

A wellbore energy collecting arrangement according to any one of claims 15 to

23, or a downhole tool according to claim 25, comprising a power storage
arrangement.

A wellbore energy collecting arrangement according to any one of claims 15 to

23, or a downhole tool according to claim 25 or 26, comprising a communication
arrangement.
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A wellbore energy collecting arrangement or downhole tool according to claim
27, wherein the communication arrangement comprises a wireless transmitter,

receiver and/or transceiver.

A wellbore energy collecting arrangement according to any one of claims 15 to
23, or a downhole tool according to claim 25 or 26, wherein the sensor

arrangement is configured to receive wireless information and thereby function

as a communication arrangement.
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