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(57) Abstract: The object of the mnvention 1s a method for mstalling and servicing an apparatus module (1) recovering the kinetic
energy ol water; and the apparatus module (1) itself. The apparatus module (1) with wave energy recovering units (3) 1s descended
mnto the sea bottom (12) and 1s kept steady at the sea bottom (12) by the help of its own mass and the mass of the water filled into
the compartments (2a and 2¢) in the body (2) of the apparatus module (1). Correspondingly the apparatus module (1) 1s lifted nto
the surface of the water and made floating by the help of air that 1s blown to the compartments (2a) and (2¢) in order to replace the
water.
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METHOD FOR INSTALLING AND SERVICING AN APPARATUS RECOVERING
THE KINETIC ENERGY OF WATER, AND AN APPARATUS RECOVERING
THE KINETIC ENERGY OF WATER

The present invention relates to a method as defined in the preamble of claim 1
for installing and servicing an apparatus recovering the kinetic energy of water
and an apparatus as defined in the preamble of claim 6 for recovering the kinetic

energy of water.

The apparatus according to the invention is suited very well for instance for an
apparatus for recovering wave energy or tidal energy of seawater. The recovered
energy is further converted for instance to electric energy and/or fresh water. In
the following only the apparatus for recovering wave energy is dealt with a more

precise way.

In the wave energy recovery solutions according to the prior art each recovery
unit is usually situated separately on its own base on the bottom of the water ba-
sin, such as the bottom of sea. The base for each recovery unit has been made
ready on the sea bottom before the installation of the recovery unit. The manu-
facture of that kind of the base at the sea bottom is slow, requires a lot of prepa-
rations, contains a lot of expensive diving labor, and needs a lot of various fix-
tures. In addition in order to install the recovery unit onto the said base heavy
vessel and crane fixtures are required. However, that kind of heavy fixtures is
usually not easily available for just the time it is needed. For that reason the prior
art solutions suffer from extensive installation costs and a slow installation work.
In addition one problem is the inconvenience involved with the maintenance or
servicing. The maintenance work requires also a lot of preparation work and
heavy vessel and crane fixtures in order to lift the recovery unit onto the surface
of the water and to perform the service needed. Also after the service works the
same heavy fixtures are needed again. This is slow and makes the service works

very expensive.
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The object of the present invention is to eliminate the drawbacks described above
and to achieve an inexpensive, easy and a fast method for installing and servicing
an apparatus recovering the kinetic energy of water. Likewise the object of the
present invention is to achieve an apparatus for recovering the kinetic energy of

water.

According to the present invention, there is provided a method for installing and
servicing an apparatus recovering the kinetic energy of water, in which method the
apparatus Is Installed at the bottom (12) of a water basin, such as a sea, in which
method an apparatus module (1) is created consisting of at least a floating body (2)
equipped with compartments (2a, 2c) to be filled with gas, such as air, and with
water; and two or more recovery units (3) for recovering kinetic energy of water, the
recovery units (3) being attached at the body (2), and the apparatus module (1)
carrying the recovery units (3) is towed floating to its production site and descended
onto the bottom (12) of the water basin by allowing the water run into the
compartments (2a and 2c¢) so that the body (2) draws at the same time the recovery
units (3) into their production site, characterized in that the method comprises at
least the following steps:

- when descending the apparatus module (1) onto the bottom (12) of the water
basin the water Is allowed to run into the compartments (2a and 2c¢) of the body
(2) starting at one end of the body (2) first and the other end thereafter so that
the body (2) with recovery units (3) is descended to the bottom (12) of the water
basin by descending said one end of the body (2) first and the other end
thereafter so that the body (2) draws at the same time the recovery units (3) into
their production site, and serves as a base for the recovery units (3), wherein said
base remains at the bottom (12) of the water basin due to gravitational force; and

- when lifting the apparatus module (1) from the bottom (12) of the water basin

gas, such as air, is pumped into the compartments (2a, 2c) of the body (2)
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starting at one end of the body (2) first and the other end thereafter so that the
body (2) with the recovery units (3) is lifted up to the surface (11) of the water by
lifting said one end of the body (2) first and the other end thereafter.

According to the present invention, there is also provided an apparatus for
recovering the kinetic energy of water, which apparatus comprises at least two or
more recovery units (3) for recovering kinetic energy of water and a body (2)
carrying the recovery units (3), and which apparatus is installed at the bottom (12) of
a water basin, such as a sea, in which apparatus the body (2) equipped with filling
and discharge valves (6) for gas, such as air and filling and discharge valves (7) for
water and compartments (2a, 2c¢) to be filled with gas, such as air, and with water, is
acting as a base; and two or more recovery units (3) are attached at the body (2) to
form together a floatable apparatus module (1), characterized in that for descending
the apparatus module (1) the filing and discharge valves (7) for filling the
compartments (2a, 2c) with water are arranged to be opened at one end of the
body (2) first, and at the other end thereafter; and for lifting the apparatus module
(1) from the bottom (12) of the water basin the filling and discharge valves (6) for
filling the compartments (2a, 2c) with gas, such as air, are arranged to be opened at

one end of the body (2) first, and at the other end thereafter.

Preferable embodiments are described hereunder.

The solution of the invention has the advantage that by using the solution for

iInstance the apparatus for recovering wave energy of seawater can be installed and
serviced more easily, faster and with smaller costs than with solutions according to
prior art. In the solution according to the invention the heavy vessels with big cranes
are not neededq, but the apparatus can be installed and lifted for servicing or

repairing by the help of small fixtures, for example by the help of a small trawler.
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Likewise the preparation work for the installation and servicing or repairing is much
faster and easier in the solution according to the invention. One advantage is also the
fact that in easy cases the servicing or repairing can be made at sea, only by lifting the
apparatus onto the surface of the water and making the work on the surface. The lifting
of the apparatus takes only about one hour. After the servicing or repairing the
apparatus Is descended back onto to the sea bottom. In addition one advantage is that
because the body of the apparatus is made of concrete it does not rust. One advantage
IS also the fact that a heavy concrete body protects the components of the apparatus
from water and external elements of danger. A further advantage is that thanks to the
modular structure separate apparatuses are easy to couple together for a big power
plant, and the servicing can be made for instance so that a new or newly serviced

apparatus module Is brought to the production site at the sea and the old one is

replaced with the new one and is towed to the dockyard for servicing or repairing. The ex-

Rrag——
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change of the apparatus module is fast to do and does not require heavy fixtures.

One more advantage is that it is easy to integrate various measuring instruments

into the body of the apparatus module.

In the following, the invention will be described in detall by the aid of an example

by referring to the attached simplified and diagrammatic drawings, wherein

Fig.

FIg.

Fig.

Fig.

Fig.

Fig.

FIg.

FIg.

Fig.

FIg.

1

10

presents an apparatus module according to the invention seen
obliquely In top view,

presents diagrammatically and simplified a body of an apparatus
module according to the invention the cover removed and seen in top
VIEW,

presents diagrammatically and simplified an apparatus module ac-
cording to the invention seen in side view and in a lengthwise inter-
section, and cut in the middle,

presents diagrammatically and simplified an apparatus module ac-
cording to the invention seen from the end and in a cross section,
presents an apparatus module according to the invention seen In
side view at the beginning of an installation phase,

presents an apparatus module according to Fig. 5 seen In side view
during the installation phase,

presents an apparatus module according to Fig. 5 seen In side view
installed on the bottom of the water basin,

presents an apparatus module according to Fig. 5 seen In side view
on the bottom of the water basin and at the beginning of the lifting
phase,

presents an apparatus module according to Fig. 5 seen In side view
during the lifting phase, and

presents an apparatus module according to Fig. 5 seen In side view

after the lifting and ready for towing.
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Fig. 1 presents an apparatus module 1 according to the invention for recovering
kinetic energy of seawater. The apparatus module 1 according to the example is
situated in a so-called intermediate water area of the water basin, and is capable
to recover kinetic energy of the waves of the sea and convert the kinetic energy
into electric energy. Likewise the apparatus module 1 is capable to make fresh

water from the seawater.

The apparatus module 1 comprises at least a body 2 that functions as a base,
two or more onto the body 2 attached recovery units 3 for recovering wave en-
ergy, collecting means 3c (shown in Fig. 3) for collecting the energy recovered by
the recovery units 3, a cable 4 for transferring the collected energy to further use,
and a cable trough 5 equipped with a protective cover for joining all the recovery

units 3 of the apparatus module 1 at least into the collecting means 3c.

Each recovery unit 3 comprises at least a plate like wing element 3a that Is
hinged at its lower edge onto the body 2 of the apparatus module 1, and the re-
covering means 3b of the wave energy. The wing element 3a is arranged to
make reciprocating motion caused by the kinetic energy of the waves, and the
recovered energy Is either saved Into the energy storages situated in the body 2
or transferred through the collecting means 3¢ and cable 4 to the use of the next
unit that can be for instance a collecting station situated on shore. The fresh wa-
ter produced by the apparatus module 1 can be stored in containers situated in

the body 2 of the apparatus module 1, and delivered time to time for further use.

Fig. 2 presents the body 2 of the apparatus module 1 according to the invention
seen in top view. In the figure the cover of the body 2 has been removed. The
body 2 is made of concrete. It is either assembled of prefabricated cavity slabs or
made by casting. The body 2 consists of a group of floating compartments 2a
that are arranged one after the other in three parallel rows. The body 2 has also
iInstrument and machinery chambers 2b that are kept dry, and valve compart-

ments 2c¢ at both ends of the body 2. In the valve compartments 2c¢ there are fill-
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ing and discharge valves 6 for air and filling and discharge valves 7 for water.
Water pipes 8 and air pipes 9 has been installed to go through the separation
walls of the compartments 2a and 2c in order to allow water and air to run into all

the floating compartments 2a and valve compartments 2c. In addition the ends of

5 the body 2 have been reinforced in order to stand the body 2 hitting the sea bot-
tom 12 when the apparatus module 1 is descended into the bottom of the water
basin. Thanks to its heavy concrete structure the apparatus module 1 remains
steady on the sea bottom 12 when the floating compartments 2a are filled with
water. Correspondingly floating compartments 2a are big enough to allow the

10 body 2 to float on the surface of the water when the floating compartments 2a

are filled with air.

In Fig. 3 and 4 the apparatus according to the invention is shown separately from
its neighborhood. In Fig. 3 the apparatus i1s shown In a lengthwise intersection
15 and cut in the middle so that only two recovery units 3 are seen. The filling and
discharge valves 6 for air and the filling and discharge valves 7 for water are
seen at the both ends of the body 2. In Fig. 4 the apparatus according to the In-

vention 1S shown In a cross section.

20 Figs. 5-10 show the steps of the method according to the invention for installing
the apparatus module 1 recovering kinetic energy from the seawater into its pro-
duction site, and for lifting the apparatus module 1 back onto the surface of the

water for instance for servicing or repairing.

25 The apparatus module 1 according to the invention iIs intended to be descended
Into its production site onto the sea bottom 12 at the area situated in a so-called
intermediate water area of the water basin. The intermediate water area refers
here to the same area as in the WO publication No. WO2004097212, i.e. to the
water basin area, generally ocean area in the depth range of the so-called

30 breaker-line and shallow waters, extending to the wavelength of 0,5. In the inter-
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mediate water area the relation of the water depth to the principally prevailing

wavelengths is between 1/2 - 1/20.

At the beginning of the installation the apparatus module 1 pre-assembled in the
dockyard or onshore is towed floating and the wing elements 3a of the recovery
units 3 turned down to a transporting position to the installation site that is
marked with buoys that support the free ends of the anchor chains 10 that are
anchored at the sea bottom 12. The towing can be done with a small trawler or
boat. There are for instance one or two anchor chains 10 for each end of the ap-

paratus module 1.

When the apparatus module 1 is floating above its production site it is fastened
with its both ends into the free ends of the anchor chains 10 and the chains 10
are tightened. The descending of the apparatus module 1 from the surface 11
onto the sea bottom 12 can be done in many various ways, but the main idea is
to keep the apparatus module 1 steady at the sea bottom 12 by the help of its
own mass and the mass of the water filled into the compartments 2a and 2c¢, and
making the apparatus module 1 floating by the help of gas, such like air that is

blown to the compartments 2a and 2c to replace the water.

One way to descend the apparatus module 1 onto the sea bottom 12 is to open
the filling valves 7 for water and to stretch the apparatus module 1 towards the
sea bottom 12 with the anchor chains 10. During the stretching water runs into
the compartments 2a and 2c and the apparatus module 1 begins to descend

more and more easily towards the sea bottom 12.

Another way Is shown in Fig. 6. Here the method is conducted so that at the be-
ginning the filling valves 7 for water at the first end of the apparatus module 1 are
opened, and the body 2 is allowed to be filled with water starting from the first
end of the apparatus module 1. In this way the first end of the apparatus module

1 descends first onto the sea bottom 12 as is shown in Fig. 6. In this phase or
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suitably already somewhat earlier also the filling valves 7 for water at the second
end of the apparatus module 1 are opened so that also the second end of the
apparatus module 1 is filled quicker with water, and the apparatus module 1 de-
scends onto the sea bottom 12 as is shown in Fig. 7. At the same time the filling
and discharge valves 6 for air is opened at the second end of the apparatus
module 1 in order to allow the air come out from the compartments 2a and 2c.
The anchor chains 10 are used to guide the apparatus module 1 to descend pre-
cisely onto its production location. When the apparatus module 1 is at its location
at the sea bottom 12, and when all the air has left the compartments 2a and 2c,
all valves 6 and 7 are closed and the apparatus module 1 is fastened steadily at

its production site by the aid of the anchor chains 10.

Fig. 8 shows the initial phase of the lifting of the apparatus module 1. At the be-
ginning of the lifting phase the wing elements 3a of the recovery units 3 are
turned down to their transporting position and a compressor 13a situated in the
trawler 13 is coupled by the help of an air hose 14 into the filling and discharge
valve 6 for air located at the second end of the apparatus module 1. At the same
time the filling and discharge valve 6 for air located at the first end of the appara-
tus module 1 is opened in order to allow the water come out from the compart-
ments 2a and 2c. Air is filled into the body 2 until the second end of the body 2 is
filled with the air and lifts up to the surface of the water 11. After that the air
pumping is continued until also the first end of the body 2 lifts up to the surface of
the water 11. When the body 2 is totally on the surface and is floating the open
valves 6 are closed and the apparatus module 1 is released from the anchor
chains 10, the free ends of which are equipped with buoys as marks. After that
the towing rope 15 can be coupled to the body 2 and the apparatus module 1 is

towed with a trawler 13 to the dockyard for servicing as shown in Fig. 10.

Alternatively the servicing can be made also on the production site when the
body 2 is floating on the surface of the water, it the tasks required make it possi-

ble. In addition it can be done so that when the trawler 13 comes to fetch the ap-
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paratus module 1 for servicing it brings at the same time a new or a newly ser-
viced apparatus module 1 that is installed to replace the apparatus module 1 that
has been lifted up for the service or repairing. In this way the operation of the
wave energy power plant consisting of a plurality of apparatus modules 1 suffers

extremely little during the service break of an apparatus module 1.

It Is obvious to the person skilled in the art that the invention is not restricted to
the example described above but that it may be varied within the scope of the
claims presented below. Thus, for example, the method according to the inven-
tion can have steps that differ from the steps mentioned above, or the steps can

be in a different order.

It Is also obvious to the person skilled in the art that the apparatus module can
differ from the apparatus module described above. The apparatus module may
have a different number of wave energy recovery units than is presented in the
example above. For instance the number of wave energy recovery units can be

2,4, 5 0r 6 oreven more.

In addition it is obvious to the person skilled in the art that the apparatus module
can be also made for recovering tidal energy, and the apparatus module can be

sunk also into a deeper water than a so called intermediate water.

Further it is obvious to the person skilled in the art that instead of only concrete
the body of the apparatus module can be made of steel or a combination of con-

crete and steel, or of another suitable material.
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WHAT IS CLAIMED IS:

1. Method for installing and servicing an apparatus recovering the kinetic energy of
water, in which method the apparatus is installed at the bottom (12) of a water
basin, in which method an apparatus module (1) is created consisting of at least a
floating body (2) equipped with compartments (2a, 2c¢) to be filled with gas, such as
air, and with water; and two or more recovery units (3) for recovering kinetic energy
of water, the recovery units (3) being attached at the body (2), and the apparatus
module (1) carrying the recovery units (3) is towed floating to its production site and
descended onto the bottom (12) of the water basin by allowing the water run into the
compartments (2a and 2c¢) so that the body (2) draws at the same time the recovery
units (3) into their production site, characterized in that the method comprises at
least the following steps:

- when descending the apparatus module (1) onto the bottom (12) of the water
basin the water is allowed to run into the compartments (2a and 2c) of the body
(2) starting at one end of the body (2) first and the other end thereafter so that
the body (2) with recovery units (3) is descended to the bottom (12) of the water
basin by descending said one end of the body (2) first and the other end
thereafter so that the body (2) draws at the same time the recovery units (3) into
their production site, and serves as a base for the recovery units (3), wherein said
base remains at the bottom (12) of the water basin due to gravitational force; and

- when lifting the apparatus module (1) from the bottom (12) of the water basin
gas, such as air, is pumped into the compartments (2a, 2c) of the body (2)
starting at one end of the body (2) first and the other end thereafter so that the
body (2) with the recovery units (3) is lifted up to the surface (11) of the water by
lifting said one end of the body (2) first and the other end thereafter.

2. The method as defined in claim 1, characterized in that the method comprises

the steps where the service and/or repairing of recovery units (3) is fulfilled so that
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the body (2) with the recovery units (3) is lifted up to the surface (11) of the water,
and if possible the service and/or repairing tasks are made on the production site on
the surface (11) of the water, or the apparatus module (1) is transported to a
dockyard or a corresponding site and the service and/or repairing tasks are made

there.

3. The method as defined in claim 1 or 2, characterized in that the method
comprises at least a step where the apparatus module (1) is descended into its
production site in the intermediate water area of the water basin at the depth where
the relation of the water depth to the principally prevailing wavelengths is between
1/12 - 1/20.

4. An apparatus for recovering the kinetic energy of water, which apparatus
comprises at least two or more recovery units (3) for recovering kinetic energy of
water and a body (2) carrying the recovery units (3), and which apparatus is
installed at the bottom (12) of a water basin, in which apparatus the body (2)
equipped with filling and discharge valves (6) for gas, such as air and filling and
discharge valves (7) for water and compartments (2a, 2c¢) to be filled with gas, such
as air, and with water, is acting as a base; and two or more recovery units (3) are
attached at the body (2) to form together a floatable apparatus module (1),
characterized in that for descending the apparatus module (1) the filling and
discharge valves (7) for filling the compartments (2a, 2c¢) with water are arranged to
be opened at one end of the body (2) first, and at the other end thereafter; and for
lifting the apparatus module (1) from the bottom (12) of the water basin the filling
and discharge valves (6) for filling the compartments (2a, 2c¢) with gas, such as air,

are arranged to be opened at one end of the body (2) first, and at the other end

thereafter.
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5. The apparatus according to claim 4, characterized in that the filling and
discharge valves (6) for gas, such as air and the filling and discharge valves (7) for

water are located at both ends of the body (2).

6. The apparatus according to claim 4 or 5, characterized in that the apparatus
comprises collecting means (3c) in the body (2) for collecting the energy recovered
by the recovery units (3); and a cable (4) for delivering the energy recovered by the
recovery units (3) for further use; and the body (2) has a cable trough (5) equipped
with a protective cover for joining all the recovery units (3) of the apparatus module

(1) at least into the collecting means (3c).

7. The apparatus according to claim 4, 5 or 6, characterized in that the apparatus
module (1) is fitted to be descended into its production site in the intermediate water
area of the water basin at the depth where the relation of the water depth to the
principally prevailing wavelengths is between 1/2 - 1/20, and where the recovery
units (3) of the kinetic energy have wing elements (3a) that are arranged to make
reciprocating motion caused by the Kinetic energy of the waves for recovering the

kinetic energy in the intermediate water area of the water basin.

8. The apparatus according to any one of claims 4 to 7, characterized in that the
body (2) has been made mainly of concrete, for instance the body (2) is assembled

of prefabricated cavity slabs or made by casting.

9. The apparatus according to any one of claims 4 to 8, characterized in that the

number of recovery units (3) attached onto the body (2) is from 2 to 6.

10. An apparatus according to claim 9, characterized in that the number of

recovery units is from 3 to 4.
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