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(57) Abstract: A method of extracting energy from waves in a body of water comprises (a) locating a flexible pipe such that it floats
on a body of water in a substantially fixed position relative to the direction of wave travel and such that at least an initial part of the
w= pipe extends substantially in line with the direction of wave travel, wherein the pipe is arranged to flex up and down with the waves
@\ such that the pipe has a wave form corresponding to the surface of the body of water; (b) allowing water into the pipe such that it
can be caused to advance along the pipe as the pipe flexes with an advancing wave front; (c) allowing said water to be advanced
along the pipe by a wave front; and (d) employing water which has travelled along the pipe in an application which requires the use
of water having kinetic energy. The invention provides a simple method for use in extracting energy from waves which overcomes
at least one problem associated with known methods. The invention also provides an apparatus for carrying out the method.



WO 2006/067421 PCT/GB2005/004948

10

15

20

25

30

1

ENERGY EXTRACTION APPARATUS AND METHOD

The present invention relates to apparatus for extracting energy from waves.

There exist a number of devices for generating power and in particular
electrical power, from the energy of waves. For example, it is known to employ
a partially submerged chamber, vented to the atmosphere via a pneumatic
turbine, sea water being free to enter and leave the chamber. As waves pass

by water rises and falls in the chamber causing air to flow through the turbine.

However, known devices for converting the energy of waves into useable

power can be complex and costly to construct and operate.

Accordingly, the present invention aims to provide a simple method and
apparatus for use in extracting energy from waves which overcomes at least
one problem associated with known devices whether discussed herein or

otherwise.

According to a first aspect of the present invention there is provided a method

of extracting energy from waves in a body of water, said method comprising:

(a) locating a flexible pipe such that it floats on a body of water in a
substantially fixed position relative to the direction of wave travel and such that
at least an initial part of the pipe extends substantially in line with the direction
of wave travel, wherein the pipe is arranged to flex up and down with the
waves such that the pipe has a wave form corresponding to the surface of the

body of water,

(b) allowing water into the pipe such that it can be caused to advance along

the pipe as the pipe flexes with an advancing wave front;

(c) allowing said water to be advanced along the pipe by a wave front; and
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(d) employing water which has travelled along the pipe in an application

which requires the use of water having kinetic energy.

Preferably, step (b) comprises supplying water into the pipe. Water may be
injected into the pipe. Water may be injected into the pipe such that the water

is moving at the same velocity as the waves.

Preferably, in step (d) water which has travelled along the pipe is employed to

drive an electrical turbine or other water powered device.

Prior to the commencement of the method the flexible pipe is suitably filled with

air.

Preferably, the method comprises:

(i) locating a flexible pipe such that it floats on a body of water in a
substantially fixed position relative to the direction of wave travel and such that
at least an initial part of the pipe extends substantially in line with the direction
of wave travel, wherein the pipe is arranged to flex up and down with the
waves such that troughs, whose bases are separated from adjacent trough
bases by a wavelength, are formed in the pipe, said pipe having a first inlet
and an outlet, the outlet being spaced from the first inlet in the direction of

wave travel;

(i) allowing a first initial quantity of water into the first inlet of the pipe, said
quantity being less than that required to fill a trough section of the pipe, such
that said water can be advanced through the pipe as the pipe flexes with an

advancing wave front;

(i) waiting while a wave front travels a wavelength such that said first initial

quantity of water is advanced along the pipe by a wavelength;
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(iv) allowing a further initial quantity of water into the first inlet of the pipe,

said quantity being less than that required to fill a trough section of the pipe;

(V) waiting while a wave front travels a wavelength such that the water
within the pipe is advanced along the pipe and supplying a further initial

quantity of water into the first inlet of the pipe in the same manner as step (iv),

(vi) optionally repeating step (v) one or more times; and

(vi) employing water which has travelled along the pipe in an application

which requires the use of water having kinetic energy.

Preferably, steps (ii) and (iv) comprise supplying water into the pipe. Water
may be injected into the pipe. Water may be injected into the pipe such that the

water is moving at the same velocity as the waves.

Preferably, in step (vii) water which has travelled along the pipe is employed to

drive an electrical turbine or other water powered device.

Suitably, according to the method, a plurality of discrete quantities of water
travel along the pipe. Suitably, a mid part of each quantity of water is

separated from a mid part of an adjacent quantity by a wavelength.

Suitably, the pipe is located such that substantially the only movement thereof
is in a vertical plane. The pipe may thus move up and down with the waves

but substantially does not move in any other way.

By “trough section” it is meant a section of pipe lying between the peaks of two

wave crests.

Preferably, the first and further initial quantities of water supplied into the pipe

are each of an amount less than that required to fill a lower trough section.



WO 2006/067421 PCT/GB2005/004948

10

15

20

25

30

4

By “lower trough section” it is meant the section of pipe extending from the

base of a wave to half the height of the wave peak above the base.

Suitably, the first and further initial quantities of water are each of an amount
less than half that required to fill a lower trough section, more preferably less

than a quarter, for example a tenth or less.

Suitably, the flexing of the pipe to adopt the form of the surface of the body of
water on which it floats is such that the inlet of the pipe alternates between
being at a trough and at a crest in the pipe as troughs and crests move along

the pipe with passing wavefronts.

Preferably, water is supplied into the inlet when the inlet is within a trough
section of the pipe. Suitably, water is carried along the pipe in the trough
section into which it is supplied as that trough section advances along the pipe

with an advancing wavefront.

Preferably, water is supplied into the inlet when the inlet is within a lower

trough section of the pipe.

Suitably, water is carried along the pipe in the lower trough section into which it
is supplied as that lower trough section advances along the pipe with an

advancing wavefront.

The water may be collected from the outlet of the pipe by collection means and
may then be employed to drive an electrical turbine or other water powered

device.

Suitably, the method comprises locating a plurality of pipes such that they float
on the body of water. The method may comprise locating a plurality of pipes

such that they supply water to a common collection means.
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Suitably, the method comprises locating a pipe comprising a web of pipe
portions such that they float on the body of water. Suitably, the web comprises
a first pipe portion having a first inlet in communication with a water supply and
between two and five downstream pipe portions each having first inlets
communicating with an outlet of the first pipe portion. Suitably, the web
comprises second and third pipe portions each having first inlets
communicating with an outlet of the first pipe portion. Water carried by the first
pipe portion may thus be split and carried by the second and third pipe
portions. The web may comprise only second and third pipe portions having
inlets connected to the first pipe portion. Alternatively, the web may further
comprise a fourth or a fourth and fifth, or fourth, fifth and sixth pipe portion
each having first inlets communicating with an outlet of the first pipe portion.
Water carried by the first pipe portion may thus be split and carried by the
second, third, fourth and, if employed, fifth and sixth pipe portions.

Preferably, the water is split equally and equal volumes are carried by each of
the pipe portions into which water is split. For example, if only second and
third pipe portions are employed the water may be split equally between the
second and third pipe portions. The second and third pipe portions and, if
employed, the fourth, fifth and sixth pipe portions, may have outlets
communicating directly with a collection means. Alternatively, the second and
third pipe portions and, if employed, the fourth, fifth and sixth pipe portions,

may have outlets communicating with inlets of further like pipe portions.

Suitably, the pipe or if the method employs a web of pipe portions at least the
first pipe portion comprises one or more second water inlets arranged along its
length. Suitably, when more than one is employed the second water inlets
may be spaced from adjacent inlets by one wave length. The water inlets may
be spaced along the pipe at intervals of between 0.5 and 1 meter to allow for
changing wave conditions such that there are always inlets separated from one
another by approximately one wave length. Suitably, those inlets employed in
the method are spaced from one another by a distance of approximately one

wave length in the direction of wave travel. Suitably, only one or more of those
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second inlets which lie an integer number of wavelengths from the first inlet are
employed in the method. Suitably, external water is added to the water in the
pipe through one or more second inlets as the water travels along the pipe.
According to the method, the first of the second inlets through which water is
allowed to enter suitably lies at one or more wavelengths, from the first inlet.
The first of the second inlets through which water is allowed to enter according
to the method may lie two wavelengths from the first inlet, for example three

wavelengths from the first inlet.

Suitably, the entry of external water through the or each second inlet is valve
controlled. Suitably, according to the method of the invention, entry of water
through the or each second inlet is controlled such that once the volume of a
quantity of water in a section of the pipe is approximately equal to the volume
of air in said pipe section then no more water is permitted to enter that pipe

section.

The second inlet valves may be computer controlled. Alternatively, the second
inlet valves may be arranged to operate between open and closed
configurations depending on the flexure of the pipe and whether they lie at
troughs or crests therein. Alternatively, the second inlet valves may be

arranged to open automatically when water flows past them within the pipe.

Suitably, the or each second inlet employed in the method is arranged such
that as water passes through the pipe and past the inlet a quantity of external
water enters into the pipe and combines with the water passing the inlet to
form a combined quantity of water in the pipe section comprising said second

inlet.

Suitably, the or each second inlet employed in the method is arranged such
that as water passes through the pipe and past the inlet it creates a venturi
effect and draws a quantity of external water into the pipe which combines with
the water passing the inlet to form a combined quantity of water in the pipe

section comprising said second inlet.
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Suitably, the pipe or if the method employs a web of pipe portions at least the
first pipe portion comprises one or more air vents arranged along its length.
Suitably, when more than one is employed the air vents may be spaced from
adjacent air vents by one wave length. The air vents may be spaced along the
pipe at intervals of between 0.5 and 1 meter to allow for changing wave
conditions such that there are always air vents separated from one another by
approximately one wave length. Suitably, only those air vents which lie an
integer number of wavelengths from one another are employed in the method.
Suitably, the ingress and egress of air through the or each air vent is valve
controlled.

Suitably, one or more valves may comprise a sensor arranged to provide
signals to a controlling computer to indicate when the second inlet valves

should be opened.

Suitably, the first inlet has an air vent lying downstream of it. Suitably, said air
vent lies upstream of any second inlets. Suitably, each second inlet employed
in the method has an air vent lying between it and any downstream second
inlets. Suitably, each air vent employed in the method lies approximately half a
wavelength downstream of an inlet employed in the method. Thus, at any
given time, when the inlet lies in a trough section of the pipe the air vent may

lie at a crest.

Suitably, the or each air vent employed in the method is arranged such that as
water is allowed into the pipe immediately upstream of the air vent a volume of
air is expelled through the vent. Suitably, the volume of water allowed into the
pipe and the volume of air expelled through the vent are equivalent. The or
each air vent may thus prevent the build up of air pressure within the pipe and

ensure that water can travel along the pipe.

Suitably, according to the method external water is allowed into the or each
inlet as water in the pipe passes the inlets such that the external water is

added to form a combined quantity of water in the pipe section which is not in
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equilibrium. By this it is meant that water on the trailing side of the trough
section of the pipe lies at a higher level than that on the leading side. The
combined quantity of water is thus accelerated as it moves with the wave to
correct this and return to an equilibrium in which water on the trailing and

leading sides of the trough section is at the same level.

Suitably, the combined quantity of water in a pipe section after the or each
addition of external water is less than that required to fill a trough section of the
pipe. The combined quantity of water in the pipe section is suitably less than

that required to fill a lower trough section.

Suitably, at least two quantities of external water are added to the water in the
pipe. Preferably, at least two quantities of external water are added to the

water in each pipe portion.

Suitably, once the combined quantity of water in a pipe section of the first pipe
portion is approximately equal to the volume of air in the pipe section the water
is removed from the first pipe portion and divided between second and third,
and if employed, fourth, fifth and sixth pipe portions connected to an outlet of

the first pipe portion.

Suitably, once the combined quantity of water in a pipe section of the first pipe
portion is approximately equal to the quantity of the initial or further quantity of
water multiplied by the number of pipe portions into which water from the first
pipe portion is split then the water is removed from the first pipe portion and
divided between those pipe portions connected to an outlet of the first pipe
portion. For, example, when the water is split into only a second and third pipe
portion then once the combined quantity of water in a pipe section of the first
pipe portion is approximately equal to double the quantity of the initial or further
quantity of water the water is removed from the first pipe portion and divided
between second and third pipe portions connected to an outlet of the first pipe

portion.
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The water from the first pipe portion may thus provide initial quantities of water
to the first inlets of the pipe portions to which it's outlet is connected. For
example, initial quantities of water may be provided to the first inlets of second

and third pipe portions.

Suitably, the water is spilt equally between the pipe portions to which the outlet
of the first pipe portion is connected. For example, water may be split equally

between second and third pipe portions.

Suitably, water advances through the second and third pipe portions and, if
employed, fourth, fifth and sixth pipe portions as the pipe portions flex with an

advancing wave front.

Suitably, the second and third pipe portions and, if employed, fourth, fifth and
sixth pipe portions each comprise one or more second inlets arranged to allow
external water to be drawn into the pipe portions and combined with the water
within the pipe portion to form a combined quantity of water in the section of

pipe comprising said second inlet.

Suitably, the second inlets are substantially the same as those described in

respect of the first pipe portion.

Suitably, external water is drawn into the second and third pipe portions, and, if
employed, fourth, fifth and sixth pipe portions in the same manner as that
described in respect of the first pipe portion. Suitably, a combined quantity of
water in a pipe section is formed in the same manner as that described in

respect of the first pipe portion.

The method may further comprise splitting the combined quantity of water in a
pipe section of the second pipe portion into two or more further pipe portions.
The method may further comprise splitting the combined quantity of water in a
pipe section of the third pipe portion into two or more further pipe portions.
Suitably, if fourth or fourth and fifth or fourth, fifth and sixth pipe portions are
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employed in the method then the method may further comprise splitting the
combined quantity of water in a pipe section of those pipe portions into two or

more further pipe portions.

Suitably, the water from each pipe portion is split into no more than five further
pipe portions. Suitably, the water from each of the second and third and, if
employed, fourth, fifth and sixth pipe portions, need not be split into the same

number of pipe portions as that from the first pipe portion.

Suitably, the combined quantity of water in each of the second and third pipe
portions and, if employed, fourth, fifth and sixth pipe portions is split when the
combined quantity of water in a pipe section is approximately equal to the

volume of air in the pipe section.

Suitably, the combined quantity of water in each of the second and third pipe
portions and, if employed, fourth, fifth and sixth pipe portions is split when the
combined quantity of water in a pipe section is approximately equal to the
quantity of water introduced from the first pipe portion multiplied by the number
of pipe portions into which the water is to be split. For example, if the second
pipe portion has it's outlet connected to the inlets of two further pipe portions
then the combined quantity of water in the second pipe portion is split when the
combined quantity of water in a pipe section is equal to double the quantity of

water introduced from the first pipe portion.

The splitting process may comprise several further stages of dividing the water
from one pipe portion into a plurality of subsequent pipe portions and adding
external water thereto. Suitably, each initial quantity of water supplied to the
first pipe portion may, after external water has been added thereto, be split at
between 1 and 5 stages, for example at between 2 and 3 stages. Suitably, the
web may comprise between 2 and 3125 pipe portions at an outlet end thereof,

preferably between 2 and 100.
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Suitably, the pipe portions at the outlet end of the pipe web (final pipe portions)
each comprise an outlet connected to a collection means. Suitably, the
collection means comprises a collection conduit arranged to carry water from
the outlets of the final pipe portions in the web. Suitably, the collection conduit
is further arranged to carry air from the outlets of the final pipe portions in the

web.

Suitably, the collection conduit is connected to the final pipe portions such that
it lies a different distance along the wave path of each pipe portion. While
water is discharged from one pipe portion into the conduit, it may be that no
water may be discharged from an adjacent pipe portion. As a result, the pipe
portions may be sequenced according to the method such that water enters
the collection conduit from at least one pipe portion during any given time

period.

Suitably, the conduit is arranged to carry air in one direction and water in
another following their discharge from the final pipe portions. The air and
water may thus be carried to be employed for separate uses. Suitably, at least
some of the water is taken to be employed in an application, such as the
generation of electricity, which requires the use of water having kinetic energy.
Some of the water may be carried by a return pipe to an inlet of the flexible
pipe. Suitably, the return pipe is filled with water. The return pipe may be in
communication with the first inlet of the first pipe portion of the pipe web.
Alternatively, the return pipe may be in communication with an inlet of a

downstream pipe portion, for example the second and/or third pipe portions.

Suitably, the conduit carries water to a turbine. Suitably, the conduit carries an

uninterrupted supply of water to the turbine.

The method suitably employs a flexible pipe which turns across the direction of
wave travel. The velocity of water in the pipe may be increased by

acceleration due to the turning of the pipe across the direction of wave travel.
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Suitably, the more the pipe is turned across the direction of wave travel then
the greater is the length of pipe which extends over a distance of one

wavelength in the direction of wave travel.

Suitably, when the flexible pipe is arranged to turn across the direction of wave
travel the position of inlet valves may be arranged such that those employed in
the method are spaced from one another by approximately one wave length in
the direction of wave travel. Thus, the inlets may be spaced from one another

by a distance greater than that of one wavelength in the direction of the pipe.

The pipe may be arranged to turn through an angle of between 5 and 89
degrees. The pipe may turn through such an angle whilst spanning a distance
of between 1 and 100 wavelengths in the direction of wave travel. Suitably,
the pipe is arranged to turn gradually through an angle of between 40 and 89
degrees. For example, the pipe may be arranged to turn gradually through an

angle of between 50 and 80 degrees.

Suitably, as the pipe turns water continues to advance through the pipe with
the wave front. As a consequence the water may be caused to accelerate in
the direction of pipe extent each time the pipe turns relative to the direction of
wave travel. Preferably, water passing through the pipe is caused to
accelerate constantly in the direction of pipe extent as the pipe turns relative to
the direction of wave travel. Water exiting the pipe may thus have a greater

velocity than water entering the pipe.

For example, water travelling through the pipe may have a velocity V1 in the
direction of wave travel and after the pipe has turned through an angle A the
water may then have a velocity V2 in the direction of pipe travel. For a given
value of V1 and A the velocities V2 may approach the values according to the
following table though they may be limited by friction between the pipe and

water:
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V1/k.p.h Al/degrees V2/k.p.h

5 30 5.75
10 30 1.5
15 30 17.25
5 40 6.18
10 40 13.1
15 40 19.65
5 50 7.27
10 50 15.6
15 50 23.4
5 95 8.23
10 55 17.4
15 55 26.1
5 60 10

10 60 20

15 60 30
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5 65 11.85
10 65 23.7
15 65 35.55
5 70 14.6
10 70 29.2
15 70 43.8
5 75 19.3
10 75 38.6
15 75 57.9
S 80 28.8
10 80 57.6
15 80 86.4
5 85 57.35
10 85 114.7
15 85 172.05

Suitably, the body of water comprises an ocean or sea.

Suitably, the method comprises anchoring the pipe such that it can flex and
move up and down but substantially cannot move in any other way. Suitably,
the pipe is anchored such that it can rise and fall with a tide. The method may
comprise anchoring each flexible pipe portion. Suitably, the method comprises
anchoring the pipe to a sea or ocean bed. Suitably, the method comprises

connecting the pipe to pontoons which are anchored to the sea or ocean bed.

According to a second aspect there is provided an apparatus for extracting
energy from waves, said apparatus comprising a flexible pipe adapted to carry
water and adapted to float on a body of water and to flex as waves travel
through the body of water, said apparatus being arrangeable in use such that
said waves travel substantially in the direction in which at least an initial part of

the pipe extends, wherein said apparatus further comprises a supply means for
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supplying water into a first inlet of the pipe and a collection means for
recovering water from the pipe, wherein said collection means is arrangeable
to supply water for employment in an application which requires the use of

water having kinetic energy.

Suitably, the collection means is arrangeable to supply water to drive an

electrical turbine or other water powered device.

Suitably, the apparatus is adapted to be employed in a method according to
the first aspect. The épparatus may thus comprise one or more of the features

of an apparatus described in relation to the first aspect.

Suitably, the apparatus is adapted such that, in use, the flexible pipe turns

across the direction of wave travel.

Suitably, the supply means of the apparatus comprises control means such
that water can be supplied to the pipe at specific times. . Suitably, the control
means is arranged such that water is only allowed into the pipe at time
intervals separated by the time taken for a wave front to travel an integer
number of wavelengths, preferably one wavelength. The control means may
comprise a valve. The valve may comprise a servo controlled valve. The valve

may be computer controlled.

Suitably, the supply means comprises a supply pipe arranged to carry water
from a point removed from the inlet of the flexible pipe. The supply pipe may

be flexible.

Suitably, the collection means comprises a collection pipe. The collection pipe
may be flexible. The collection means may be connected to an outlet of the
pipe. The collection means may be collected to a return pipe which returns
some of the collected water to the flexible pipe. The return pipe may be
flexible. The return pipe may be in communication with the supply pipe.

Suitably, the return pipe is in communication with the flexible pipe such that,
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after an initial period, it feeds water thereto such that, by employing the energy

of the waves, the supply of water is self sustaining.

The collection means may also recover air from the flexible pipe. Suitably, the
collection means is arranged to cause air and water recovered from the flexible
pipe to exit the collection means separately from one another. The apparatus
may comprise an air carrying pipe separate from the water return pipe. The air
carrying pipe may carry some air from the collection means back towards the
inlet end of the flexible pipe. The air carrying pipe may run alongside the
flexible pipe and may be attached thereto to help keep it buoyant. There may
be more than one éuch air carrying pipe. The apparatus may employ some of
the air to drive a small electrical generator to power electrical components of

the apparatus.

The apparatus may comprise a plurality of flexible pipes and the collection
means may be connected to an outlet of each. Alternatively, the apparatus

may comprise a single flexible pipe which may be unbranched.

The apparatus may comprise a flexible pipe comprising a web of pipe portions
with a first pipe portion connected at its outlet to an inlet of at least a second
and third pipe portion such that it branches out. The second pipe portion may
be connected to at least a fourth and fifth pipe portion and the third pipe portion
may be connected to at least a sixth and seventh pipe portion (It should be
noted that those pipe portions referred to here as the fourth, fifth and sixth pipe
portions do not lie at the same point in the web as those pipe portions referred
to as the fourth, fifth and sixth pipe portions in the first aspect.). The fourth,
fifth, sixth and seventh pipe portions may themselves branch. Suitably, the
collection means is connected to an outlet of each of the final pipe portions in

the web.

Suitably, when the apparatus comprises a plurality of pipes or pipe portions
connected to the collection means the collection means is arranged such that

in use water is removed from each consecutive pipe or pipe portion at an



WO 2006/067421 PCT/GB2005/004948

10

15

20

25

30

17

increasing wavelength distance from the supply means. While water exits one
pipe or pipe portion it may be that there may be no water exiting one or more
of the other pipes or pipe portions and vice versa. Water may thus be supplied
into the collection means from at least one pipe or pipe portion at any one time.
The collection means may thus be able to supply an uninterrupted stream of

water to a turbine.

Suitably, the pipe comprises one or more second inlets arranged to allow
external water to be drawn into the pipe. Suitably, the first pipe portion
comprises one or more second inlets. Subsequent pipe portions in a web may
also comprise one or more second inlets. Suitably, the or each inlet comprises -

a valve.

The or each second inlet valve may comprise a servo controlled valve. The
second inlet valves may be computer controlled. Alternatively, the second inlet
valves may be arranged to operate between open and closed configurations
depending on the flexure of the pipe and whether they lie at troughs or crests
therein. The valves may for example be connected to a cable at points which
move longitudinal relative to the pipe as the pipe flexes. Alternatively, the
second inlet valves may be arranged to open automatically when water flows
past them within the pipe. The valves may then close themselves, for example
they may be spring loaded valves which are only opened as water flows past

within the pipe.

Each second inlet may be provided with a cover plate having a number of
apertures in predetermined positions and the cover plates of the inlets may be
connected so that an operator can set the inlets which are aligned with
apertures in their cover plates and into which water can enter depending on
the wavelength of the waves. Alternatively, the second inlets may have
computer controlled valves and the computer may be programmed to only

open certain valves when the waves are separated by a given wavelength.
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Suitably, the pipe comprises one or more air vents arranged along it's length.
Suitably, each air vent lies downstream of an inlet. Suitably, each air vent

comprises a valve.

Each air vent may comprise a valve having a floating closure member
arranged to cause the valve to be closed as water travels through the pipe past
the valve and to open as air travels through the pipe past the valve.
Alternatively, each valve may comprise a servo controlled valve. One or more
air vents may comprise a valve having a sensor to indicate to a computer
whether the valve is closed or open. The computer may be programmed to
use that information together with other given parameters such as the
wavelength of the waves and location of the inlets to determine which inlets
should be opened and closed for the most effective operation of the apparatus.
Suitably, each air vent comprises a sensor. Preferably at least the last air vent

in each pipe portion comprises a sensor.

Suitably, the apparatus comprises a computer arranged to control the valve
operation such that it adjusts the ratio of the volume of water and air in a pipe
section of a pipe portion as close as possible to 1:1 before the water is split

into further pipe portions or recovered by the collection means.

Suitably, the pipe comprises a pipe constructed to float on water when carrying
a volume of water. Alternatively, the pipe may comprise a non-floating pipe
having floats arranged along its length such that it will float. Where the
apparatus comprises a plurality of pipes or pipe portions it may comprise a
number of floats spaced along the length of the pipes or pipe portions and
extending transverse to the wave direction between parallel pipes or pipe

portions.

Suitably, the apparatus comprises anchoring means arranged to fix the pipe in
position such that it may flex and move up and down but substantially not
move in any other way. The anchoring means may be arranged to secure the

pipe to the sea or ocean bed. Suitably, the anchoring means is arranged to
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take tidal movement into account. Suitably the anchoring means comprises
floating pontoons to which the or each pipe is connected and which are

anchored to the sea or ocean bed.

Suitably, the or each pipe has a length such that it may be arranged to span a
distance of between 3 and 50 wavelengths, for example between 6 and 20
wavelengths. Suitably, the pipe has a length of between 3 and 5000 metres,
for example up to 1000m. The length of the pipe may be arranged depending
upon the desired output speed of the water carried by the pipe.

Suitably, the pipe, or each pipe portion where the pipe comprises a web of pipe
portions has a diameter of between 1cm and 100cm. The pipe, or each pipe
portion where the pipe comprises a web of pipe portions may have a diameter
of around a twentieth of the wave height. The apparatus may be arranged
such that, in use, the diameter of the pipe increases after the pipe has turned
through an angle of greater than about 40 degrees. This may make it easier to

accommodate water carried by the pipe in trough sections of the pipe.

The present invention will now be described by way of example with reference

to the accompanying drawings, in which:

Figure 1 is a plan view of a first embodiment of an energy extraction

apparatus;

Figure 2a is a side elevation of a section of a first embodiment of an energy

apparatus at a first point in time;

Figure 2b is a side elevation of a section of a first embodiment of an energy

apparatus at a second point in time;

Figure 2c is a side elevation of a section of a first embodiment of an energy

apparatus at a third point in time,
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Figure 2d is a side elevation of a section of a first embodiment of an energy

apparatus at a fourth point in time;

Figure 2e is a side elevation of a section of a first embodiment of an energy

apparatus at a fifth point in time;

Figure 2f is a side elevation of a section of a first embodiment of an energy

apparatus at a sixth point in time;

Figure 3 is a plan view of a second embodiment of an energy extraction

apparatus.
Figure 4 is a schematic cross-sectional view of an air vent.

An energy extraction apparatus 1 according to a first embodiment comprises a
flexible pipe 10 which comprises a branched web of connected pipe portions.
The pipe 10 is arranged to float on a body of water 2, more specifically the sea

and to flex to conform to the shape of the waves 3 on the surface 4 thereof.

For simplicity, the illustrated apparatus is shown extending in the direction of
wave travel. However, in an alternative embodiment (not shown) an apparatus
having a similar construction to that illustrated in Figure 1 can be arranged to

turn across the direction of wave travel.

The apparatus further comprises a water supply means 20 for feeding water
into the flexible pipe 10 and a collection means 30 for carrying water from the

pipe 10 to a turbine (not shown).

The pipe 10 comprises a first portion 100 having a first inlet 110 connected to
the supply means 20 and an outlet 120 connected to a second pipe portion
200 and a third pipe portion 300. The second pipe portion 200 has an inlet 210
connected to the first pipe portion 100 and an outlet 220 connected to a fourth

pipe portion 400 and a fifth pipe portion 500. The third pipe portion has an inlet
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310 connected to the first pipe portion and an outlet 320 connected to a sixth
pipe portion 600 and a seventh pipe portion 700. The fourth and fifth pipe
portions 400, 500 each comprise an inlet 410, 510 connected to the second
pipe portion 200 and an outlet 420, 520 connected to the collection means 30.
The sixth and seventh pipe portions 600, 700 each comprise an inlet 610, 710
connected to the third pipe portion 300 and an outlet 620, 720 connected to
the collection means 30. Each pipe portion comprises air vents 140, 240, 340,
440, 540, 640, 740 downstream of each of the inlets.

The first pipe portion 100 comprises second inlets 130 arranged to draw water
from the body of water 2 on which the pipe 10 floats (external water) into the
pipe 10 as water carried by the pipe 10 passes the second inlets 130. The
flow of water through these inlets is controlled by valves (not shown). As water
enters the pipe through either the first or second inlets the air within the pipe
immediately in front of that water is vented via the air vent downstream of the
inlet. Thus air can be allowed to egress from the pipe to prevent pressure

build up and allow the apparatus to function.

The second, third, fourth, fifth, sixth and seventh pipe portions 200, 300, 400,
500, 600 and 700, each also comprise second inlets 230, 330, 430, 530, 630

and 730, which are valve controlled.

The supply means 20 comprises a pipe 21 connected to a water source (not
shown). The supply means includes a control means 22 arranged to ensure
water is only supplied to the flexible pipe 10 at specific times. The control
means 22 comprises a valve (not shown). Water travels in the pipe 21 in the

direction shown by arrow X.

The collection means 30 comprises a collection pipe 31 having openings in
communication with the fourth, fifth, sixth and seventh pipe portions 400, 500,
600 and 700 of the pipe 10. The collection pipe 31 is angled relative to the
direction of wave travel in the body of water 2 (indicated by arrow A) such that

the outlet of each pipe portion lies a different distance from the supply means
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in the direction of wave travel. Water is carried by the collection pipe in the

direction indicated by arrow Y.

The apparatus further comprises anchoring means comprising tethers 40, 50
attached as required to the pipe 10 which secure it via floating pontoons to the

sea bed.

In use, the pipe 10 is located on the sea such that it adopts the surface
configuration of the sea and has crests 11 and troughs 12 corresponding to

crests 5 and troughs 6 of the sea waves.

As illustrated by Figure 2a the pipe 10 thus comprises trough sections 13 lying
below the level of line B-B. The base 14 of each trough being separated from
adjacent trough bases by one wavelength 1. Within the trough sections 13
are lower trough sections 15. The lower trough sections 15 are those pipe
sections lying below the level of line C-C which is the centre-line of the wave,
i.e. the equilibrium position. As a wavefront travels through in the direction of
arrow A the pipe 10 flexes and the trough sections advance along the pipe 10
towards the collection means 30. Water within the pipe 10 moves with

advancing troughs towards the collection means 30.

The operation of the apparatus is illustrated by figures 2a to 2f.

A first initial quantity of water 60 is supplied into a lower trough section 15 of a

first portion 100 of the flexible pipe 10 (illustrated by Figure 2a)

The supply of water is then stopped while the first initial quantity of water 60 is
advanced along the pipe. The water 60 remains within the lower trough
section 15 of the pipe 10 and thus as the lower trough section 15 is caused to
advance along the pipe 10 so too is the water 60. After the wavefront has
travelled half a wavelength the pipe 10 is in the configuration shown by figure
2b.
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When the wavefront has travelled a wavelength (i.e. at time t = A/c after the
first initial quantity of water is supplied into the pipe, where A = wavelength
and ¢ = wave velocity) (as illustrated by figure 2c) a further initial quantity of
water 70 is supplied into a lower trough section 15 of the pipe via inlet 110. Air
lying between the first and further initial quantities of water in the pipe is vented
via the air vent 140 immediately downstream from the first inlet 110. The first
initial quantity of water 60 passes a second inlet 130 drawing external water
into the pipe 10 to form a first combined quantity of water 61. At first this is not
in equilibrium as the trailing edge 61a is higher than the leading edge 61b,
however the combined quantity of water 61 adjusts to an equilibrium whilst

subsequently advancing along the pipe.

When the wavefront has travelled a further wavelength (i.e. at tme t=241/c
after the first initial quantity of water is supplied into the pipe) (illustrated by
Figure 2d) a further initial quantity of water 80 is supplied into a lower trough
section 15 of the pipe via inlet 110. Air lying between the second and further
initial quantities of water in the pipe is vented via the air vent 140 immediately
downstream from the first inlet 110.. The first combined quantity of water 61
passes another second inlet 130 drawing external water into the pipe 10 to
form a greater combined first quantity of water 62. The second initial quantity
of water 70 passes a second inlet 130 drawing external water into the pipe 10
to form a second combined quantity of water 71. Air lying between the first
and second initial quantities of water in the pipe is vented via the air vent 140
immediately downstream from the second inlet 130 lying closest to the inlet
110. The process being the same as that to form the first combined quantity

61 (at time t = A /c after the first initial quantity of water was supplied into the

pipe).

Each time the wavefront advances a wavelength, further initial quantities of
water are supplied into the first inlet 110 of the first pipe portion and external
water is drawn into the second inlets 130 as quantities of water previously

introduced into the pipe advance, thus forming combined quantities of water
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which then progress along the pipe. At the same time, air is vented via the air

vents.

When a combined quantity of water 90 is such that the volume of water in a
pipe section is approximately equal to the volume of air therein the volume of
water is a multiple of the initial quantity. The combined quantity of water then
reaches a junction 150 of the first pipe portion 100 with the second and third
pipe portions 200, 300 as shown in Figure 2e (at time t = 31 /c after the first
initial quantity of water is supplied into the pipe) and is split in two to provide an
initial quantity into each of the second and third pipe portions (only second pipe

portion 200 and quantity of water 91 therein shown in Figure 2e).

The water then travels along the second and third pipe portions in the same
manner as in the first and additional external water is d}'awn in through second
inlets 230, 330. Thus, as illustrated by Figure 2f (at time t = 4 1 /c) quantities of
water in the second and third pfpe portions 200, 300 (only second pipe portions
200 and quantity of water 91 therein shown) advance and grow in substantially
the same manner as that described for the first pipe portion 100. Once the
quantity of water in a pipe section of each pipe portion has increased, and the
ratio of air to water in the pipe section is 1:1, the water is split into the fourth
and fifth and sixth and seventh pipe portions 400, 500, 600, 700. Again, the
splitting operation is computer controlled. The water then once more advances

and grows in the same manner before being supplied into the collection pipe.

The collection pipe is arranged such that it lies a different distance along the
wave path of each of the fourth, fifth, sixth and seventh pipe portion.
Consequently, water may be supplied to the collection pipe sequentially from
each pipe portion. Thus, one or more of the pipes may always be supplying
water into the collection pipe at any given time. This may provide a steady

flow of water to a turbine.

According to a second embodiment a single flexible pipe is located on the

surface of a body of water 2, in particular the sea.
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The apparatus is substantially the same as that of the first embodiment with
the single pipe replacing the pipe web. Thus, the apparatus comprises supply

means 20 and collection means 30 as well as tethers 40, 50.

The flexible pipe is located and anchored as shown in figure 3 such that after
an initial portion extending in line with the direction of wave travel (shown by

arrow A) it curves across the direction of wave travel.

First and further initial quantities of water are supplied into the pipe 10 as
described in the first embodiment and are advanced along the pipe in the
same manner. An air vent 140 is provided downstream of the inlet 110 to vent
air lying between successive initial quantities of water supplied into the pipe to

prevent pressure build up.

The pipe is provided with second inlets 130 to allow external water to be drawn
into the pipe. Further air vents 140 are provided to allow air to be vented from
the pipe as external water is drawn in. The method of adding water is
substantially as described in the first embodiment. As the initial quantity of
water passes a first second inlet 130a it draws external water into the pipe to
form a first combined quantity of water. As the first combined quantity of water
passes the second second inlet 130b it draws further external water into the
pipe to form a second combined quantity of water and so on. Thus the initial
quantities are added to as they advance through the pipe 10. The water in the
pipe is not split into further pipes but suitably the addition of water is controlled
such that once the ratio of air to water in a pipe section is approximately 1:1 no

further water is added to the water in that pipe section.

As the pipe 10 turns across the direction of wave travel the water within the
pipe 10 is still caused to travel in the wave direction at the same speed. Whilst
doing this the water thus travels with a greater speed in the direction of pipe
travel. For example, a quantity of water travels between points D and E, which

are separated by a wavelength, in a time of A/c and between points F and G,



WO 2006/067421 PCT/GB2005/004948

10

15

20

25

30

26

also separated by a wavelength, in a time of A/c but the distance between
points F and G is greater than that between points D and E in the direction of

pipe travel.

The water thus exits the pipe 10 into the collection means 30 with an increased

velocity and is then used to power a turbine.

As mentioned, a pipe web similar to that of Figure 1 can be arranged to turn
across the direction of wave travel and may combine the beneficial effects
discussed in relation to the pipe of Figure 3 with those of the pipe web of
Figure 1. Such a pipe web differs from that of Figure 1 in that the more the
web is turned across the direction of wave travel the further the valves must be
spaced from one another along the pipe length in order that they remain

separated by an appropriate distance in the direction of wave travel.

Figure 4 illustrates an air vent 140 suitable for employment in the present
invention. The air vent comprises a valve comprising a floating ball 141
secured within a housing 142 defining entrance and exit apertures 143, 144
through which air can egress. As water flows past the vent the ball 141 floats
(shown in solid line) and blocks the exit of the aperture. When water is not
flowing past the ball 141 it drops down (shown in broken line) and provides a
flow path to the exit through which air can travel. The vent further comprises a

sensor 145 to indicate to a computer whether the valve is open or closed.

The pipework may be coated with low friction material, for example

polytetrafluoroethylene.

It will be understood that the present invention may thus provide a simple
apparatus for converting energy of waves into a useable form and which has

few moving components requiring maintenance.

Attention is directed to all papers and documents which are filed concurrently

with or previous to this specification in connection with this application and
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which are open to public inspection with this specification, and the contents of

all such papers and documents are incorporated herein by reference.

All of the features disclosed in this specification (including any accompanying
claims, abstract and drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination, except
combinations where at least some of such features and/or steps are mutually

exclusive.

Each feature disclosed in this specification (including any accompanying
claims, abstract and drawings) may be replaced by alternative features serving
the same, equivalent or similar purpose, unless expressly stated otherwise.
Thus, unless expressly stated otherwise, each feature disclosed is one

example only of a generic series of equivalent or similar features.

The invention is not restricted to the details of the foregoing embodiment(s).
The invention extends to any novel one, or any novel combination, of the
features disclosed in this specification (including any accompanying claims,
abstract and drawings), or to any novel one, or any novel combination, of the

steps of any method or process so disclosed.
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CLAIMS

1. A method of extracting energy from waves in a body of water, said

method comprising:

(a) locating a flexible pipe such that it floats on a body of water in a
substantially fixed position relative to the direction of wave travel and such that
at least an initial part of the pipe extends substantially in line with the direction
of wave travel, wherein the pipe is arranged to flex up and down with the
waves such that the pipe has a wave form corresponding to the surface of the

body of water,

(b) allowing water into the pipe such that it can be caused to advance along

the pipe as the pipe flexes with an advancing wave front;

(c) allowing said water to be advanced along the pipe by a wave front; and

(d) employing water which has travelled along the pipe in an application

which requires the use of water having kinetic energy.

2. A method of extracting energy from waves in a body of water, the method

comprising:

(i) locating a flexible pipe such that it floats on a body of water in a
substantially fixed position relative to the direction of wave travel and such that
at least an initial part of the pipe extends substantially in line with the direction
of wave travel, wherein the pipe is arranged to flex up and down with the
waves such that troughs, whose bases are separated from adjacent trough
bases by a wavelength, are formed in the pipe, said pipe having a first inlet
and an outlet, the outlet being spaced from the first inlet in the direction of

wave travel,
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(i) allowing a first initial quantity of water into the first inlet of the pipe, said
quantity being less than that required to fill a trough section of the pipe, such
that said water can be advanced through the pipe as the pipe flexes with an

advancing wave front;

(iii) waiting while a wave front travels a wavelength such that said first initial

quantity of water is advanced along the pipe by a wavelength;

(iv) allowing a further initial quantity of water into the first inlet of the pipe,

said quantity being less than that required to fill a trough section of the pipe;

(v) waiting while a wave front travels a wavelength such that the water
within the pipe is advanced along the pipe and supplying a further initial

quantity of water into the first inlet of the pipe in the same manner as step (iv);
(vi) optionally repeating step (v) one or more times; and

(vii) employing water which has travelled along the pipe in an application

which requires the use of water having kinetic energy.

3. Apparatus for extracting energy from wa\)es, said apparatus comprising a
flexible pipe adapted to carry water and adapted to float on a body of water
and to flex as waves travel through the body of water, said apparatus being
arrangeable in use such that said waves travel substantially in the direction in
which at least an initial part of the pipe extends, wherein said apparatus further
comprises a supply means for supplying water into a first inlet of the pipe and a
collection means for recovering water from the pipe, wherein said collection
means is arrangeable to supply water for employment in an application which

requires the use of water having kinetic energy.

4. Apparatus as claimed in claim 3, adapted such that, in use, the flexible

pipe turns across the direction of travel.
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5. Apparatus as claimed in claim 3, comprising control means such that

water can be supplied to the pipe and specific times.

6. Apparatus as claimed in claim 5, in which means is arranged such that
water is only allowed into the pipe at time intervals separated by the time taken
for a wave front to travel an integer number of wavelengths, preferably one

wavelength.

7. Apparatus as claimed in any one of claims 3 to 6, in which the collection

means comprises a collection pipe.

8. Apparatus as claimed in any one of claims 3 to 7, comprising a flexible
pipe comprising a web of pipe portions with a first pipe portion connected at its
outlet to an inlet of at least a second and third pipe portion such that it

branches out.

9. Apparatus as claimed in any one of claims 3 to 8, comprising a computer
arranged to control valve operation of the apparatus such that it adjusts the
ratio of the volume of water and air in a pipe section of a pipe portion as close
as possible to 1:1 before the water is split into further pipe portions or

recovered by collection means.

10. Apparatus as claimed in any one of claims 3 of 9, comprising anchoring
means arranged to fix the pipe in position such that it may flex and move up

and down but substantially not move in any other way.
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