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A hydroelectric turbine system

Field of the invention

This invention relates to a hydroelectric turbine system, and in particular a hydroelectric turbine
system, which facilitates a more flexible approach to the deployment, retrieval, and/or maintenance

of a hydroelectric turbine system.

Background of the invention

Hydroelectric turbines are known for installation on the seabed in order to generate electrical power
from the tidal flow of water through the turbine, thus effectively enabling the continuous and
predictable generation of electricity. However, there are a number of issues surrounding the

installation and maintenance, and in some instances the operation, of such hydroelectric turbine.

The main cause of such issues arises from the unavoidable fact that these turbines, in order to be
effective and efficient, must be deployed at sites of high tidal flow for the day to day operation of the
turbines, but these sites present significant difficulties during the installation, maintenance and
retrieval of the turbine. Taking for example the deployment process, the installation sequence of a
seabed mounted hydroelectric turbine is time consuming and weather dependent, and involves the
steps of getting the turbine to the deployment site and lowering onto the seabed, installing suitable
sub sea cabling to the deployment site in order, in use, to transmit the electrical energy onshore or to
any other suitable location, and connecting the turbine and cable to one another. It should of course
be appreciated that these steps may happen in any order, depending on the particular installation. It
will then be appreciated that there will normally be a period of time during which the turbine remains
electrically disconnected from the sub sea cabling, following the location of the turbine onto the
seabed at the deployment site. However during this period the tide is still running, and therefore

flowing through the turbine such as to apply a driving force to the rotor thereof.

In addition to the installation phase, there will be periods during the operating life of the turbine when
the connection to the grid has been lost due to grid faults or maintenance work being carried out at

the receiving station on shore.

The turbine could be left to spin freely, which is good from an electrical perspective as the turbine
generator is open circuit, but this approach might be detrimental mechanically to the turbine as it is

running at high speed and thus wearing the bearings and possibly other components of the turbine.
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In addition it causes the generator (if excited by permanent magnets as is the common arrangement)
to generate an abnormally high voltage. Alternatively it is possible to apply a mechanical lock to the
rotor, which then has no effect on the electrical generator components of the turbine, but requires
additional mechanical equipment, which may have a negative impact on the reliability and cost of the
turbine. As a further alternative, it is possible to electrically lock the rotor in position, although this
has a negative impact electrically as the generator is then short-circuited. This approach is good

mechanically as the bearings are not been run/worn while the turbine is electrically locked.

It is therefore an object of the present invention to overcome the above-mentioned problems.

Summary of the invention

According to a first aspect of the present invention there is provided a hydroelectric turbine system
operational method comprising the steps of:

deploying a hydroelectric turbine within a body of water;

permitting the turbine to rotate and generate electrical power in response to the flow of water past

the turbine; and

absorbing at least part of the electrical power into a load bank electrically connected to the turbine,

the load bank being mounted to the hydroelectric turbine system.

Preferably, the method comprises the steps of;

providing the load bank as a resistive load bank and/or an inductive load bank

Preferably, the method comprises the steps of:
providing the load bank as one or more heating elements;
passing the electrical power through the heating elements in order to generate heat; and

dissipating the heat to the water flowing past the turbine system.

Preferably, the method comprises the steps of:
connecting an electrical output of the turbine to an electrical grid; and

electrically disconnecting the load bank from the turbine.
Preferably, the method comprises the step of:
monitoring one or more operating parameters of the turbine system while the load bank is electrically

connected to the turbine.

Preferably, the method comprises the steps of:
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installing electrical cabling to transfer electrical power from the turbine to a remote location; and
prior to electrical connection of the cabling to the turbine, absorbing the electrical energy generated

by the turbine into the load bank.

Preferably, the method comprises electrically connecting the cabling to the turbine and operating the
turbine; electrically disconnecting the cabling from the turbine to allow for maintenance/removal of
the turbine; and prior to the maintenance/removal of the turbine absorbing the electrical power

generated by the turbine into the load bank.

Preferably, the method comprises, in the step of deploying the turbine, suspending the turbine
beneath a vessel;

using the vessel to tow the turbine through the water such as to effect rotation of the turbine to
generate electrical power; and

absorbing the electrical power into the load bank.

Preferably, the method comprises the step of absorbing excess electrical power, generated during

normal operation of the turbine, into the load bank.

Preferably, the method comprises the step of switching the electrical load generated by the turbine
from the load bank to the electrical cabling once the electrical cabling is electrically connected to the

turbine.

According to a second aspect of the present invention there is provided a hydroelectric turbine
system comprising a base; a hydroelectric turbine mounted to the base; and a load bank mounted to
the base and/or the turbine, the load bank being electrically connected to an electrical output of the

turbine.

Preferably, the load bank comprises a resistive load bank and/or an inductive load bank.

Preferably, the load bank comprises one or more heating elements, which are adapted to dissipate

heat, in use, to the surrounding water.
Preferably, the load bank is removably mounted to the base and/or turbine.
As used herein, the term “absorbing” is intending to mean either the direct transfer of electrical power

from a generator to a resistive load in order to heat the resistive load, and/or the drawing of a

reactive power into an inductive load in order to reduce the voltage imposed on the generator.



10

15

20

25

30

35

WO 2013/092664 PCT/EP2012/076090

Brief description of the drawings

Figure 1 illustrates a schematic representation of a hydroelectric turbine system forming part of a

turbine system according to an embodiment of the present invention;

Figure 2 illustrates a schematic representation of a pair of heating elements making up a load bank

forming part of the turbine system;

Figure 3 illustrates electrical schematic of the turbine system, illustrating load switching capability of

the hydroelectric turbine system;

Figure 4 illustrates the hydroelectric turbine system undergoing a pre-deployment tow test; and

Figure 5 illustrates a number of alternative positions about the system for the load bank.

Detailed description of the drawings

Referring now to the accompanying drawings there is illustrates a hydroelectric turbine system,
generally indicated as 10, which is designed to be deployed on the seabed B at a site of high tidal

velocity in order to generate electricity from the tidal flow.

The turbine system 10 comprises a hydroelectric turbine 12 mounted on a base 14 that supports the
turbine 12 in the correct orientation above the seabed in order to allow the turbine 12 to generate
electricity in known fashion. Referring in particular to Figure 1, it can be seen that the turbine system
10 further comprises a load bank 16 mounted to the system 10, and which in the embodiment
illustrated is secured to the circumferential rim of a stator 18 forming part of the turbine 12, and within
which stator 18 a rotor 20 is mounted for rotation. The stator 18 is mounted to the base 14 and thus
during use remains stationary while the rotor 20 is driven by the tidal flow T of water, in order to

generate electricity with the turbine 12.

Referring to Figure 2, the load bank 16 comprises one or more windings 22, which as described in
more detail below, may be resistive or inductive windings, the windings 22 being electrically
connected to the generator output (not shown) of the turbine 12. In this way it is possible to allow the
turbine 12 to generate electricity without being connected to the grid or the like, and to pass the

electrical current generated to the load bank 16 for dissipation, as will be described in detail
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hereinafter. This thus provides greater flexibility when, for example, installing or recovering the
turbine system 10, as it permits the turbine 12 to operate as normal without requiring a grid
connection. Thus the turbine system 10 can be deployed at a suitable site without a grid connection,
greatly simplifying the installation procedure. The turbine 12 can then be allowed to operate as
normal, generating electricity, which is fed into the windings 22 of the load bank 16, thus heating the
windings 22. This heat is then dissipated into the water flowing past and through the load bank 16.
It is preferable during the period between positioning the turbine system 10 on the seabed, and grid
connection, that the turbine 12 is running onto a load of some sort rather than spinning freely or

being mechanically or electrically locked.

Similarly, if the turbine is to be decommissioned or removed for maintenance or the like, the
provision of the load bank 16 again provides greater flexibility to the operation. Thus the grid
connection can be cut, while allowing the turbine 12 to continue operation and thus electrical
generation, which is passed to the load bank 16 to be dissipated as heat to the surrounding water.
There is then little or no time constraints between disconnection from the grid and retrieval of the

turbine system 10.

Referring to Figure 3, the electrical connections between the turbine 12 and the load bank 16, and
between the turbine 12 and grid G are showing schematically. Provided between the turbine 12 and
the load bank 16 is a load switch 24, and between the turbine 12 and the grid G is a grid switch 26
which can each be operated to effect the electrical connection or isolation of the turbine 12 to the
respective load. Thus for example during the installation procedure, the turbine system 10 is initially
located on the seabed without a grid connection, and the load switch 24 is closed in order to provide
an electrical connection between the turbine 12 and the load bank 16, in order to allow the electrical
energy generated by the turbine 12 to be dissipated through the load bank 16. Once a grid
connection to the turbine 12 has been established, the grid switch 26 can then be closed, and the
load switch 24 opened. The load bank 16 is then electrically isolated from the turbine 12, and as a
result the electrical energy generated by the turbine 12 is then supplied to the grid G. This process
can then be reversed if the turbine system 10 is to be disconnected from the grid G, for example

prior to being recovered for maintenance or the like.

In addition, during extreme events such as storms and high tides the turbine 12 may experience
higher tidal flows than usual, and as a result will generate greater electrical power. If such events
are a rarity it may not make economic sense to rate the grid connection cabling and power
conversion equipment (not shown) to this higher level, and thus during these rare occurrences the
extra power could be dissipated to the load bank 16. In this case it would be necessary for both the

load switch 24 and the grid switch 26 to be closed. The switches 24, 26 may be remotely operated
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and/or the load switch 24 may be automatically closed if the power generated by the turbine 12

exceeds a predetermined upper limit.

The load bank 16, referring to Figure 4, is also beneficial in allowing the turbine 12 to be tested prior
to final installation. For example the turbine 12 may be secured beneath a vessel V such that the
turbine 12 is fully immersed. The vessel V can then draw the turbine 12 through the water in order to
simulate the normal operation of the turbine 12. During this procedure, the turbine 12 is electrically
connected to the load bank 16, thus allowing the turbine 12 to generate electricity and dissipate
same as heat through the load bank 16. This allows the turbine 12 to effectively operate as normal
during the testing procedure, allowing valuable information to be gathered during the test. During
such testing the load bank 16, and in particular the windings 22, may be provided as resistive
windings in order to demonstrate the power generation capabilities of the turbine 12. However, for
other purposes, such as showing that the generator windings (not shown) of the turbine 12 can carry
current without over heating, or to validate certain electrical parameters, it may be sufficient to simply
allow the turbine 12 to generate reactive power into an inductive load bank 16. This has the
advantage that the inductor does not need to be in direct contact with the water. Thus the load bank

16 may be a resistive and/or an inductive load bank.

Referring to Figure 5, it will be appreciated that the load bank 16 may be located at any suitable
position about the turbine system 10, and for example may be mounted to the frame work of the
base 14 at one or more position. It will also be appreciated that multiple load banks 16 could be

employed on a single turbine system 10.
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Claims

1. A hydroelectric turbine system operational method comprising the steps of:

deploying a hydroelectric turbine within a body of water;

permitting the turbine to rotate and generate electrical power in response to the flow of water past
the turbine; and

absorbing the electrical power into a load bank electrically connected to the turbine, the load bank

being mounted to the hydroelectric turbine system.

2. An operational method according to claim 1 comprising the steps of;

providing the load bank as a resistive load bank and/or an inductive load bank.

3. An operational method according to claim 1 or 2 comprising the steps of:
providing the load bank as one or more heating elements;
passing the electrical power through the heating elements in order to generate heat; and

dissipating the heat to the water flowing past the turbine system.

4. An operational method according to any preceding claim comprising the steps of:
connecting an electrical output of the turbine to an electrical grid; and

electrically disconnecting the load bank from the turbine.

5. An operational method according to any of claims 1 to 4 comprising the step of:
monitoring one or more operating parameters of the turbine system while the load bank is electrically

connected to the turbine.

6. An operational method according to any preceding claim comprising the steps of:
installing electrical cabling to transfer electrical power from the turbine to a remote location; and
prior to electrical connection of the cabling to the turbine, absorbing the electrical power generated

by the turbine into the load bank.

7. An operational method according to claim 6 comprising electrically connecting the cabling to
the turbine and operating the turbine; electrically disconnecting the cabling from the turbine to allow
for maintenance/removal of the turbine; and prior to the maintenance/removal of the turbine

absorbing the electrical power generated by the turbine into the load bank.

8. An operational method according to any preceding claim comprising, in the step of deploying

the turbine, suspending the turbine beneath a vessel;
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using the vessel to tow the turbine through the water such as to effect rotation of the turbine to
generate electrical power; and

absorbing the electrical power into the load bank.

9. An operational method according to any of claims 6 to 8 comprising the step of absorbing

excess electrical power, generated during normal operation of the turbine, into the load bank.

10. An operational method according to any of claims 6 to 8 comprising the step of switching the
electrical load generated by the turbine from the load bank to the electrical cabling once the electrical

cabling is electrically connected to the turbine.

11. A hydroelectric turbine system comprising a base; a hydroelectric turbine mounted to the
base; and a load bank mounted to the base and/or the turbine, the load bank being electrically

connected to an electrical output of the turbine.

12. A hydroelectric turbine system according to claim 10 in which the load bank comprises a

resistive load bank and/or an inductive load bank.

13. A hydroelectric turbine system according to claim 11 or 12 in which the load bank comprises

one or more heating elements which are adapted to dissipate heat, in use, to surrounding water.

14. A hydroelectric turbine system according to any of claims 11 to 13 in which the load bank is

removably mounted to the base and/or turbine.



