
WO 2009/127415PCT/EP2009/002793 1 An improved turbine installation method Filed of the
invention The present invention is concerned with an improved method of installing a hydroelectric
turbine onto the seabed or the like, and in particular a method which improves the handling of the
electrical cable connected between the hydroelectric turbine and an onshore power station to which
electricity generated by the turbine is supplied. Background of the invention Due to the environmental
damage which has been inflicted on the planet as a result of the 15burning of fossil fuels, renewable
energy has finally begun to be given significant attention, with many projects being developed around
solar energy, wind energy, and tidal power. Of these alternative forms of energy, tidal power is
arguably the most attractive, given that tidal flows are entirely predictable and constant, unlike wind or
solar energy which are relatively intermittent and therefore less dependable. 20 However, harnessing
tidal energy does provide its own challenges, in particular with respect to the installation and
maintenance of tidal power generators, for example hydroelectric turbines, which by the very nature of
the operation of same must be located in relatively fast flowing tidal currents, and more than likely
located on the seabed. In 25addition, in order to be economically viable these turbines must be built on
a large scale. Essentially however these turbines must deliver power back to shore for eventual supply
into the grid. The level of electricity generated by the turbines renders working on the electrical
systems a hazardous operation, and this is magnified by the location of the turbines under water on
the seabed, and in regions of fast flowing tides. These regions of 30 fast flowing tides are often found
in isolated locations making getting to and from the site a time consuming, dangerous, and therefore
expensive undertaking. In addition, the process of installing and removing such turbines generally
requires the use of multiple vessels and  CONFIRMATION COPY 



WO 2009/127415PCT/EP2009/002793 2 associated heavy machinery, in addition to experience
divers. Furthermore, these turbines will generally need to be deployed in multiples in the form of a tidal
turbine farm in order to be economically viable. Thus the installation process is multiplied by the
number of turbines to be installed. The availability of such equipment and divers is relative scare, and
5thus it is extremely desirable to reduce the time and equipment necessary to perform the installation
and removal of tidal turbines. Due to both the relatively large electric currents generated by
hydroelectric turbines, and the extremely harsh conditions under which the turbines and associated
electrical cables 10are exposed, the electrical cable extending onshore from each turbine must be
relatively large and robust. As a result of the diameter of the cable, which may be in the region of
300-500 mm, and given the length of cable involved, the weight of the cable is significant. The
handling of the cable is therefore both a difficult and time-consuming operation, made even more
difficult by the tidal conditions present at the sites where hydroelectric turbines  15 are deployed. The
cabling is also relatively inflexible and so the mishandling of same can quickly and easily result in
kinking/knotting of the cable, thus rendering same permanently damaged and therefore requiring
replacement. It is therefore an object of the present invention to provide a method of installing a
20hydroelectric turbine, which method avoids damage to the cable during the installation process.
Summary of the invention 25The present invention therefore provides a method of installing a
hydroelectric turbine system at a tidal site comprising the steps of: connecting a pre-laid power cable
to the system; lowering the system towards a deployment site while simultaneously displacing the
system in line with the direction of tidal flow such as to maintain tension in the cable. 



30 Preferably, the method comprises positioning the system substantially above the deployment site
prior to connecting the cable.  WO 2009/127415PCT/EP2009/002793 3 Preferably, the method
comprises lowering the system from a deployment vessel and simultaneously displacing the
deployment vessel such as to maintain tension in the cable. 5Preferably, the deployment vessel
comprises a source of propulsion. Preferably, the method comprises the step of positioning an anchor
to be upstream of the system during the lowering step; directly or indirectly connecting the system to
the anchor; and using the anchor to achieve the displacement of the system during the lowering
10thereof. Preferably, the method comprises positioning the anchor on the seabed.    Preferably, the
method comprises the steps of towing the deployment vessel behind a 15towing vessel; and utilising
the towing vessel to achieve the displacement of the deployment vessel.    Preferably, the method
comprises the step of winching the deployment vessel towards the towing vessel during lowering of
the system in order to achieve the displacement of the 20deployment vessel. Preferably, the method
comprises the step of securing the towing vessel to the anchor and pulling the towing vessel towards
the anchor to at least partially achieve the displacement of the deployment vessel. 25 



Preferably, the deployment vessel or the towing vessel comprises a dynamic positioning vessel.
Preferably, the method comprises the step of marking the location of the pre-laid cable 30with a
floatation device.  WO 2009/127415PCT/EP2009/002793 4 Preferably, the method comprises the step
of laterally displacing the system prior to or as part of final positioning of the system at the deployment
site. 5As used herein, the term "hydroelectric turbine system" is intended to mean either a
hydroelectric turbine mounted on a base, which can be lowered together onto the seabed; the base in
isolation from the turbine, which may be lowered to the seabed and the turbine subsequently lowered
into position onto the base; or the turbine in isolation from the base, to be lowered onto the previously
located base. 10 Brief description of the drawings      Figure 1 illustrates a schematic side elevation of
a hydroelectric turbine system in the early 15stages of installation and according to the method of the
present invention; and Figure 2 illustrates a schematic illustration of the method of deployment shown
in Figure 1, with the hydroelectric turbine system partially lowered toward the seabed. 20 Detailed
description of the drawings Referring now to the accompanying drawings, there is illustrated a method
of installing a hydroelectric turbine 10 onto the seabed B at a tidal site according to a preferred
25embodiment of the invention. While the following description refers to installing the turbine 10 on the
seabed B it will be appreciated that the method of the invention may be employed at any other suitable
or desired location, for example installing the turbine 10 onto a river bed or the like. 30Referring now in
particular to Figure 1, the method of the present invention involves 



transporting the turbine 10 into a position substantially above a tidal deployment site S on the seabed
B where the turbine 10 is to be located during use. Prior to transporting the  WO
2009/127415PCT/EP2009/002793 5 turbine 10 into position above the tidal deployment site S an
electrical cable C is pre-laid on the seabed B. The processes involved in laying the cable C from an
onshore location, or from some other location, to the deployment site S are well known and will not be
described in any detail hereinafter. The final stretch of the cable C leading to the 5deployment site S,
for example the last 100 meters, is laid substantially in line with the direction of the prevailing tide T. In
order to allow the location and retrieval of the free end of the cable C it is preferable that a flotation
device in the form of a buoy (not shown) or the like is tethered at or adjacent the free end of the cable
C and therefore locatable on the surface of the water W once the turbine 10 is brought into position
above the tidal 10deployment site S. It is also envisaged that it may be more practical to attach an
umbilical or extension (not shown) onto the end of the cable C, and that the umbilical/extension would
then be the portion that gets raised and lowered from the seabed B. The cable C may be used to take
power directly ashore, or for daisy chaining the turbine 10 to one or more additional turbines (not
shown). 15 With the cable C pre-laid to the deployment site S the turbine 10 is, as mentioned above,
brought into position substantially above the deployment site S. In the preferred embodiment illustrated
the turbine 10 is carried by a deployment vessel 12 which may be of any suitable form and, in the
embodiment illustrated, is in the form of a non-powered 20 barge 12. The deployment vessel 12 may
however comprise a source of propulsion. A towing vessel in the form of a tug 14 is used in order to
tow the turbine 10 and barge 12 into position, and in the embodiment illustrated, against the running
tide T. In this embodiment a simple tow line 16 is connected between the tug 14 and the barge 12, and
may be adjusted in length in order to make small corrections to the position of the turbine 2510 and
barge 12. The tug 14 could however be replaced with a dynamic positioning vessel (not shown) which
could then utilise GPS in order to accurately maintain a desired position during the installation process.
The turbine 10 may be releasably connected to the barge 12 by any number of suitable arrangements,
and the details of the connection are not material to the method of the invention, and so will not be
described in detail hereinafter. 



30 Prior to towing the turbine 10 into position above the deployment S at least one anchor 18 is
installed, in the embodiment illustrated, at a location on the seabed B upstream of the  WO
2009/127415PCT/EP2009/002793 6 tidal deployment site S with respect to the direction in which the
tide T is flowing during the installation. The anchor 18 may be of any suitable form, and in the
embodiment illustrated is in the form of a simple rock-type anchor 18. However, the type and/or size of
anchor 18 may vary depending on the conditions on the seabed B. Again in order to 5mark the
position above the water W of the anchor 18 it is preferable that a tethered buoy (not shown) or similar
marker is secured to the anchor 18, and for reasons described hereinafter. Once the tug 14 has
positioned the turbine 10 and barge 12 above the deployment site S the 10tug 14 is connected to the
anchor 18 via an anchor line 20. This is achieved simply by retrieving the buoy (not shown) connected
to the anchor 18 onto the tug 14 and then suitably securing the anchor line 20 to the tug 14. The
anchor 18 now allows the tug 14, and therefore the turbine 10 and barge 12, to hold position against
the running tide T. It should however be noted at this point, and as will become clear from the following
15description of the method of installation of the present invention, that the tug 14 may be dispensed
with, and in such a scenario the vessel 12 would be connected directly to the anchor 18. This is a
possibility regardless of whether the vessel 12 has a source of propulsion or not. 20Once the turbine
10 and vessel 12 are secured against the running tide T by the anchor 18, the free end of the cable C
(or umbilical) is recovered to the surface and electrically connected to the turbine 10 in known manner.
The cable C may be recovered using a 



conventional winch arrangement provided on the barge 12, or may be achieved by a separate support
vessel (not shown). At this point the turbine 10 is prepared for lowering 25to the seabed B. In the
embodiment illustrated the turbine 10 is pre-mounted on a base 22 which will support the turbine 10 on
the seabed B during use. Thus in the embodiment illustrated it is the base 22 which is used to secure
the turbine 10 to the barge 12. The turbine 10 and base 22 together define a hydroelectric turbine
system. It is envisaged that the cable C could be connected to the base 22, with a suitable connection
then being 30provided between the base 22 and the turbine 10.  WO
2009/127415PCT/EP2009/002793 7 Referring then to Figure 2 the turbine 10 and base 22 are now
lowered towards the seabed B. This may be achieved by any suitable means, and in the embodiment
illustrated a number of support lines 24 are connected between the barge 12 and the base 22. The
barge 12 is therefore provided with a corresponding number of winches (not shown) 5which are
operable to raise and lower the support lines 24, and therefore raise and lower the base 22 and turbine
10 towards or away from the seabed B. in the embodiment illustrated the turbine 10 and base 22 are
connected in an under slung arrangement to the barge 12 in order to allow the turbine 10 and base 22
to be quickly and easily lowered away from the barge 12 towards the seabed B. Any other suitable
arrangement may 10 however be employed. While the turbine 10 is being lowered towards the seabed
B it is simultaneously displaced in line with the direction of tidal flow, and in the embodiment illustrated
forwardly against the running tide T and towards the anchor 18, such as to maintain tension in the
cable C. 15This is achieved by either pulling the tug 14 forwardly on the anchor 18, or by shortening
the tow line 16 between the tug 14 and the barge 12, or a combination of the above-mentioned
procedures. However as mentioned above, the tug 14 may be omitted and the barge 12 connected
directly to the anchor 18. In this case the line (not shown) connecting the barge 12 to the anchor 18
would be used to pull the barge 12 forward against the tide T. 20In either scenario, the turbine 10 will
be lowered towards the seabed B along an arced path 



with the cable C remaining in line with the direction of tidal flow. This path ensures that tension is
maintained in the electrical cable C connected to the turbine 10 or base 22. This tension ensures that
no kinking or knotting of the cable C can occur during the lowering of the turbine 10. Once the turbine
10 is positioned on the seabed B each of the 25support lines 24 can be disconnected therefrom and
winched back up onto the barge 12. At this point the turbine 10 may begin operation and feeding
power onshore via the cable C, or to any other desired location. At this point, the cable C should be in
a straight line with respect to the direction of tidal flow T, and under tension in order to prevent any
undue movement thereof during operation. 30 It will be appreciated that the above described method
of installation could be achieved in the absence of the anchor 18, although with greater difficulty. The
tug 14, or preferably  WO2009/127415PCT/EP2009/002793 8 dynamic positioning vessel (not shown)
could be used to initially hold the position of the turbine 10 and barge 12 against the tide T while the
cable C is connected to the turbine 10. Once lowering of the turbine 10 is commenced the tug 14 could
then pull the barge 12 forwardly in order to achieve the above mention arced path of the turbine 10. 5
If it is desired to relocate the turbine 10 for whatever reason, this can be achieved before the support
lines 24 are disconnected from the base 22. Relocation may be required for example due to an
undesirable attitude of the base 22 following initial installation on the seabed B. Due to the
configuration of the cable C, where for example the last 100 meters 10or the like is in a straight line,
the base 22 can be raised slightly off the seabed B and the tug 14 used to reposition the bargel2
laterally of the original position. In order to remove the turbine 10 from the seabed B, for example for
maintenance or replacement, the above procedure is simply reversed. 15 It is also envisaged that the
method of the present invention could be implemented with the tide flowing in the opposite direction to
that described and shown with respect to Figures I and 2. In this situation, the towing vessel 14, and
anchor 18 if employed, would need to be on the other side of the barge 12 to that shown in Figures 1
and 2, in order to be able to 
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Claims 

 

1. A method of installing a hydroelectric turbine system at a tidal site comprising the steps of: 

connecting a pre-laid power cable to the system; 

lowering the system towards a deployment site during a running tide while simultaneously displacing 5 

the system such that the cable is laid substantially in line with the direction of the prevailing tide and 

as to maintain tension in the cable. 

 

2. The method of claim 1 comprising positioning the system substantially above the 

deployment site prior to connecting the cable. 10 

 

3. The method of claim 1 or 2 comprising lowering the system from a deployment vessel and 

simultaneously displacing the deployment vessel such as to maintain tension in the cable. 

 

4. The method of claim 3 in which the deployment vessel comprises a source of propulsion. 15 

 

5. The method of any of claims 1 to 4 comprising the step of positioning an anchor to be 

upstream of the system during the lowering step; directly or indirectly connecting the system to the 

anchor; and using the anchor to achieve the displacement of the system during the lowering thereof. 

 20 

6. The method of claim 5 comprising positioning the anchor on the seabed. 

 

7. The method of any of claims 3 to 6 comprising the steps of towing the deployment vessel 

behind a towing vessel; and utilising the towing vessel to achieve the displacement of the 

deployment vessel. 25 

 

8. The method of claim 7 comprising the step of winching the deployment vessel towards the 

towing vessel during lowering of the system in order to achieve the displacement of the deployment 

vessel. 

 30 

9. The method of claim 7 or 8, when dependent on claim 5 or 6, comprising the step of 

securing the towing vessel to the anchor and pulling the towing vessel towards the anchor to at least 

partially achieve the displacement of the deployment vessel. 

 

10. The method of any of claims 3 to 9 in which the deployment vessel or the towing vessel 35 

comprises a dynamic positioning vessel. 

 

11. The method of any preceding claim comprising the step of marking the location of the pre-

laid cable with a floatation device. 

 40 

20hold the barge 12 in a substantially fixed position over the deployment site S. When lowering the
turbine 10 towards the seabed B the tide could be used to effect displacement of the turbine such as to
maintain tension in the cable C. This could be achieved for example by feeding out and therefore
lengthening the towing line 16 and/or anchor line 20, and simply allowing the tide to carry the barge 12,
and therefore the turbine 10, with the 25tide in order to maintain tension in the cable C. Again this
arrangement could be effected without the use of the anchor 18.  9 Claims  1. A method of installing a
hydroelectric turbine system at a tidal site comprising the steps of: connecting a pre-laid power cable to
the system; 5 lowering the system towards a deployment site during a running tide while simultaneously
displacing the system such that the cable is laid substantially in line with the direction of the prevailing tide
and as to maintain tension in the cable.       2. The method of claim 1 comprising positioning the system
substantially above the 10 deployment site prior to connecting the cable.  3. The method of claim 1 or 2
comprising lowering the system from a deployment vessel and simultaneously displacing the deployment
vessel such as to maintain tension in the cable. 15 4.The method of claim 3 in which the deployment
vessel comprises a source of propulsion. S.The method of any of claims 1 to 4 comprising the step of
positioning an anchor to be upstream of the system during the lowering step; directly or indirectly
connecting the system to the anchor; and using the anchor to achieve the displacement of the system
during the lowering thereof. 20    6. The method of claim 5 comprising positioning the anchor on the
seabed.    7. The method of any of claims 3 to 6 comprising the steps of towing the deployment vessel
behind a towing vessel and utilising the towing vessel to achieve the displacement of the 25 deployment
vessel. 
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12. The method of any preceding claim comprising laterally displacing the system prior to or as 

part of final positioning of the system at the deployment site. 

8. The method of claim 7 comprising the step of winching the deployment vessel towards the towing
vessel during lowering of the system in order to achieve the displacement of the deployment vessel. 30
9. The method of claim 7 or 8, when dependent on claim 5 or 6, comprising the step of securing the
towing vessel to the anchor and pulling the towing vessel towards the anchor to at least partially achieve
the displacement of the deployment vessel. 35 10.The method of any of claims 3 to 9 in which the
deployment vessel or the towing vessel comprises a dynamic positioning vessel. 11.The method of any
preceding claim comprising the step of marking the location of the pre- laid cable with a floatation device.
40  10 12.The method of any preceding claim comprising laterally displacing the system prior to or as part
of final positioning of the system at the deployment site. 


