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Title: Method for installing an offshore wind turbine, Installation barge for
installing an offshore wind turbine.

The invention relates to a method for installing awind turbine at an
offshore location by using an installation barge.

In recent years, more and more wind turbines are installed at an
offshore location. The wind turbines can have fixed foundation or afloating
foundation. The wind turbines are usually mounted on a pre-installed
foundation structure. The foundation structure isusualy installed by a
dedicated foundation installation vessel. Once the foundation isinstalled, an
installation barge can install the wind turbine. The wind turbine usually
comprises a number of tower sections, a nacelle, ahub and blades fitted tothe
hub. The nacelle usually comprises a generator and a gear box, the hub is
usually connected tothe shaft of the generator or gear box. Typically an
offshore wind turbine has two or three blades.

For installing the wind turbine at an offshore location an
installation barge can be used. Theinstalation barge can be a generally
equipped barge or can be abarge dedicated equipped for the installation of
wind turbines. The installation barge can be ajack-up barge and/or ajack-up
vessel or afloating barge and/or afloating vessel. The installation barge can be
self-propelled or can betowed or pushed. Also, the installation barge may
comprise means to keep approximately its position during installation such as
legs, or anchor mooring, or a dynamic positioning system, etc.

Typically jack-up barges or jack-up vessels are used. A jack-up barge
or jack-up vessel isprovided with legs, typicaly three or four legs, and a
platform comprising a deck. The legs are adjustable between a transport
position in which the legs substantially extend above a deck of the barge and
the barge isfloating, and an installation position in which the legs extend
substantially below the deck of the barge and the legs are supported on the
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seabed. With the legsin the installation position lowered to the seabed, the
platform can bejacked up to aheight abovethe water level.

A floating vessel or afloating barge can also be used, in particular
when relatively deep water isinvolved at the offshore location. The floating
vessel preferably has a dynamic positioning system such that it can maintain
approximately its position without the need for mooring to the seabed.

Different methods are in use toinstall awind turbine at an offshore
location.

One method isto assemble the wind turbine offshore by lifting a
single part at atime onto the pre-installed foundation. Thus, each wind
turbine tower sectionislifted individually from the installation barge and is
fitted individually onto the previous part. When the tower is erected, the
nacelle and the hub, whether in combination or not, are lifted onto the tower.
Then the blades are fitted tothe hub one by one. All parts can be transported
onto the deck of atransporting barge or installation barge tothe installation
site offshore. Due tothe individual parts, the deck layout may be organised
relatively efficient. However, the method requires alot of handling on site and
Istherefore time consuming and/or weather sensitive. Also, by installing part
by part, alot of crane lifts are required, whichisnot only time consuming, but
in addition makes the installation procedure relatively complex. In particular
the blades need tobefitted one by one at relatively large height tothe hub on
top of the wind turbine tower. Fitting the blades at such aheight involves risks
both for men and for material. Hazardous situations may occur.

Another method isto erect the tower section wise and then tolift a
nacelle-hub assembly fitted with two blades onto the tower. Such a nacelle-hub
assembly fitted with two blades directed upwards is also known as a 'bunny
ear' configuration. After mounting the bunny ear configuration tothe tower,
the third blade isfitted onto the hub. The bunny ear configuration is usually
assembled onshore and transported tothe installation site offshore. The bunny
ear configuration requires significant deck space and isrelatively difficultto
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handle, in particular during the lift onto the tower. Further, fitting the third
blade to the hub while the hub is on the tower, requires complex handling and
installation and may involve risks.

Another method istoinstall the tower section wise and, once the
tower is completed, tofit the nacelle onto the tower. Then a complete rotor-hub
assembly islifted and fitted tothe nacelle onto the tower. Such acomplete
rotor-hub assembly isusually assembled onshore and then transported tothe
installation site offshore. Due tothe relatively large dimensions of the
completed rotor-hub assembly, the rotor-hub assembly isusually transported
in alying configuration onto the deck of the transporting barge, which requires
alot of deck space. On site, the lying rotor-hub assembly needs tobe hfted and
tilted to an upward configuration toposition it onto the nacelle. This requires
complex handling and manoeuvring of the rotor-hub assembly with a crane
holding the assembly.

In another method, the complete wind turbine tower including the
hub, nacelle and blades is assembled onshore and then transported tothe
installation site offshore either in alying configuration on deck or in a
standing configuration on deck. Both configurations imply difficult
transporting conditions due tothe vast dimensions of the completed wind
turbine.

I'n publication WO 2010/126369 in the name of the applicant,
another method is presented totransport the blades in a standing position
onto the deck of the installation barge. Each blade is standing in its individual
frame having on top of the frame supports, guides and abumper to
temporarily receive anacelle. On site on the deck of the installation barge, two
blades are fitted in abunny ear configuration tothe hub, then the hub-nacelle
assembly with the bunny ear configuration islifted on top of the frame of the
third blade tofit the third blade tothe hub. In arather complex operation, the
completed hub-nacelle-rotor assembly is hfted upwardly such that the third
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blade islifted out of its frame and then the hub-nacelle-rotor assembly is
installed on the pre-installed tower.

Wind turbine blades are relatively long, typically 60 meter or more.
Mainly duetotheir length awind turbine blade israther vulnerable and
requires cautious handling. Furthermore, depending on the design
characteristics, awind turbine blade can have arelatively flexible structure,
which also requires cautious handling of the wind turbine blade. In particular
in an offshore environment, where there are limitations in terms of e.g. deck
space or crane capacity cautious handling of the blades requires attention. In
addition, the environmental conditions on an offshore site can berather harsh
which may influence the handling of the blades aswell and may create
hazardous situations.

Due tothe offshore nature of the wind turbine installation, usually a
limited weather window is available for installation. Environmental conditions
such astide, wind, current, etc. can influence the availability of e.g. equipment
and capacity, but also can influence the installation, in particular the handling
o the relatively vulnerable blades. Therefore, arelatively time efficient
installation method i s advantageous.

Further, deck space on an installation barge islimited and many
deck layouts have been developedtotransport al components tothe
installation site. Lying blades or alying rotor-hub assembly requires alot of
deck space, whereas standing blades or a standing wind turbine has a
significant height which complicates the transport.

The known methods for installing awind turbine at an offshore site
involve many drawbacks and show room for improvement in terms of for
example efficiency, handling, installation time, safety, etc. Therefore, an object
o the invention istoprovide an installation method for installing awind
turbine at an offshore location that obviates at least one of the above
mentioned drawbacks.
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Thereto, the invention provides for a method for installing awind
turbine at an offshore location by using an installation barge, comprising the
steps of providing an assembly structure arranged on a deck of the installation
barge; mounting at least ahub on the assembly structure; fitting at least one
blade to the hub while the hub is mounted tothe assembly structure, wherein
during fitting of the blade tothe hub the blade is under an angle with the deck;
lifting the completed hub-rotor assembly and mounting the hub-rotor assembly
onto apre-installed wind turbine tower section.

By providing an assembly structure on deck of the installation
barge, towhich the hub can be temporarily mounted, the blades can befitted
tothe hub. All blades that require offshoreinstallation, and are therefore not
pre-assembled tothe hub onshore, can thus befitted tothe hub while the hub
Is on the assembly structure on the deck. Theinstallation can therefore be
performed in a more controlled way. Contrary tomany prior art methods
where e.g. the third blade isinstalled when the hub is aready on the wind
turbine tower.

According tothe invention, the blades are fitted tothe hub when the
blade isunder an angle with respect tothe deck of the installation barge. By
fitting the blade under an angle tothe hub, the height of the assembly tower
can become less than the length of the blade. Also, when for example two
blades are already fitted in abunny ear configuration onshore, the third blade
can befitted tothe hub while the hub is on the assembly tower and the third
blade under an angle tothe deck.

In prior art methods, in particular the third blade, can be assembled
in standing position tothe hub offshore. This requires lifting of the hub toa
relatively large height, higher than the length of the blade to avoid damages
on e.g. the blade tip. Working at such aheight involves serious risks, not only
for the work men involved, but aso for the relatively vulnerably blade, since
manoeuvring of, typically, acrane on such aheight can berather difficult. By
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assembling the blades on the assembly tower, which may have arelatively low
height, less installation risks may beinvolved.

In addition, by fitting the blades tothe hub on the assembly tower,
which ishigher than deck level, but usually lower than blade length and/or
tower height, the remaining lift of the completed rotor-hub assembly isless
than starting from deck level, which may facilitate handling and lifting and
may limit hazardous situations.

By assembling all blades on the installation barge offshore a balance
IS sought between efficient deck layout for transport and efficient installation
handlings offshore. When a more efficient deck layout becomes possible, the
installation barge may transport more parts per trip and therefore can remain
alonger time on site for installation. Thus, fewer trips tothe shore may be
needed to collect the parts and tobring them to the offshore site. This may
increase efficiency and may lead to a significant gaining of time.

When all blades are fitted tothe hub offshore, the individual
components can berelatively efficiently configured onto the deck space. Also,
when already one or two blades are installed onshore they can be transported
in a single-blade-up configuration or in the bunny ear configuration, while the
remaining components can be configured on the deck for transport. Also, when
al blades are fitted tothe hub offshore with the hub on the assembly tower,
the installation of the blades can become more time efficient since no
repositioning of the hub is needed between the installation of two subsequent
blades, such asin some prior art methods when the hub requires tobelifted
for the installation of e.g. the third blade.

After fitting the blades tothe hub, the hub-rotor assembly islifted
onto the pre-installed wind turbine tower section. The assembly structure
itself may be awind turbine tower section that, with the nacelle-hub-rotor
assembly mounted on it, is connected tothe already installed wind turbine
tower section or sections. Alternatively, the wind turbine tower may be pre-
installed with the nacelle mounted toit. The hub-rotor assembly isthen lifted
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from the assembly structure toconnect it tothe nacelle on the wind turbine
tower. Alternatively, the nacelle-hub-rotor assembly may belifted from the
assembly tower and may be connected to the pre-installed wind turbine tower.

According tothe invention, the hub may berotated between the
fitting of subsequent blades while the hub is mounted tothe assembly
structure. Since the blades are fitted tothe hub with the blades under an angle
tothe deck, it is advantageous torotate the hub when more than one blade
needs tobe assembled between the fitting of subsequent blades. By rotating
the hub between the fitting of subsequent blades, the subsequent blade can be
fitted tothe hub having approximately the same angle tothe deck. The hub
can berotated for example by supplying power to either an external motor or
to the motor placed in the nacelle. When the hub is mounted to the assembly
tower, the hub can be coupled to an external motor which can rotate the hub.
When a hub-nacelle assembly is mounted on the assembly tower, power can be
supplied to the motor placed in the nacelle torotate the hub, thereby obviating
the need of a separate power pack and/or external motor for rotating the hub.

By mounting a hub-nacelle assembly onto the assembly tower, the
installation may become more time efficient, since the step of separately
manoeuvring and lifting the nacelle onto the tower can be obviated. A hub-
nacelle assembly can be assembled onshore and transport as an assembled
component on the installation barge, thus the deck layout of the installation
barge may become more efficient allowing the installation barge to transport
more parts per trip tothe offshore site. Alternatively, the hub and nacelle are
transported individually on the installation barge and, once at the offshore
location, are assembled tobe mounted on the assembly tower.

Preferably, the angle of the blade with respect tothe deck is between
approximately 10° and approximately 80°, more preferably between
approximately 20° and approximately 60°, more preferably between
approximately 25° and approximately 45°, and more preferably around
approximately 30°. An angle of approximately 30° may berelatively optimal
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for for example ajack-up vessdl or jack-up barge. Depending on whether a
floating installation barge or ajack-up installation barge is used the angle of
the blade with respect tothe deck can be smaller or larger to avoidthe blade
tip from dipping in the water. It istobe expected that, when using afloating
installation barge, the angle of the blade with respect tothe deck may become
smaller.

According to an aspect of the invention, the blade ispositioned in a
blade support structure before fitting the blade in the hub. The support
structure can provide additional support during fitting of the blade tothe hub.
Before fitting the blade tothe hub, the blade will be hfted by a blade handling
tool connected to a crane from its transport position on the deck of the
installation barge towards its installation position near the hub. The blade
handling tool can tilt the blade until the desired angle isreached. The blade
support structure can be of assistance in obtaining the desired angle and/or in
positioning the blade adequately near the hub. By positioning the blade onto
the support structure, the blade can approximately maintain its angle with
respect tothe deck when manoeuvring the blade towards the hub tofit the
blade to the hub.

The blade support structure can be apassive structure, i.e. itisa
structure that only provides support tothe blade, or the blade support
structure can be an active structure. An active blade support structure is
actively driven toassist manipulation of the blade towards the hub. The active
blade support structure therefore can be provided with drive means such as
hydraulic cylinders to assist manipulation o the blade in one or more degrees
of freedom.

Advantageously, the blade support structure is arranged for
supporting the blade around its center of gravity. By providing support of the
blade around its center of gravity arelatively stable supporting may be
provided, while in addition, manipulation and/or manoeuvring of the blade can
be more effective.
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The blade support structure may be provided with a supporting area
that iscomplementary tothe blade external dimensions in the area where the
blade istobe supported. To provide the blade supporting area in fact as a
counter form of the blade external dimensions, an effective support can be
provided. Also, it can be of assistance to manoeuvre the blade tothe desired
position.

In an advantageous embodiment, the assembly structure isafixed
structure onto the deck of the installation barge. The assembly structure can
also beitself an upper section of the wind turbine tower, but typically, such a
section is not rigidly connected tothe deck sinceit has tobe lifted, once fitted
with ahub, nacelle and blades, onto apre-installed wind tower section on the
foundation. By providing arigidly connected assembly structure, an area on
the deck can be dedicated tothe fitting of the blades tothe hub. This may
leave room to dedicate another area on the deck for the installation of the
tower sections onto the foundation. In this way, parallel processing of the
tower installation and the blade assembly can be done, such that, when the
tower isinstaled the hub-nacelle-blades assembly can be hfted onto the tower.
This parallel processing may significantly reduce installation time.

Further, by providing afixed assembly structure and dedicating a
deck area tothe blade installation, efficient fitting of the blades may be
obtained. This may result in installation time reduction.

Advantageoudly, the assembly structure is provided with a
connection for connecting at least the hub. By providing on the assembly
structure the same or similar connection as provided on the wind turbine
tower, the hub and/or nacelle can be relatively easy temporarily connected to
the assembly structure. The connection on the assembly tower is preferably
complementary tothe connection of the hub and/or nacelle. When the hub isto
be connected tothe assembly structure, the assembly structure preferably is
provided with a hub flange connection. When the nacelle-hub assembly is
connected tothe assembly structure, the assembly structure is preferably
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provided with a nacelle flange connection. Providing the flange connection
allowsrelatively easy fastening and loosening of the hub and/or nacelle tothe
assembly structure for temporarily mounting the hub and/or nacelle for fitting
the blades to the hub.

According to an aspect dof the invention, the assembly structure is
provided with a safe working deck at an upper end of the assembly structure.
Such a safe working deck near an upper side of the assembly structure may
provide arelatively safe working space for the workmen involvedin fitting the
blade to hub and/or in manipulating and/or in manoeuvring the blade. This
may be a significant improvement in safety with respect toprior art methods
wherein the work men are working from a crane or hanging in aharness from
acrane tofit the blade and/or to manipulate the blade.

The invention further relates to an assembly structure. The
invention also relates to an installation barge comprising such an assembly
Structure.

Further advantageous embodiments are represented in the
subclaims.

The invention will further be elucidated on the basis of exemplary
embodiments which are represented in the drawings. The exemplary
embodiments are given by way of non-limitative illustration of the invention.

In the drawings:

Figs. la- li show schematic views of afirst embodiment of an
installation method according to the invention;

Fig. 2 shows a schematic view of an embodiment of a deck layout of
an installation barge according to the invention;

Figs. 3a- 3c show schematic views of a side view and cross-sectional
views of afirst embodiment of a blade support structure according tothe
invention;
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Figs. 4a- 4c show schematic views of a side view and cross-sectional
views of a second embodiment of a blade support structure according tothe
invention;

Fig. 5a- 5b show schematic views of a second embodiment of an
installation method according to the invention;

Figs. 6a- 6b show schematic views of athird embodiment of an
installation method according to the invention;

Fig. 7 shows a schematic view of afourth embodiment of an
installation method according to the invention.

It isnoted that the figures are only schematic representations of
embodiments of the invention that are given by way of non-limited example. In
the figures, the same or corresponding parts are designated with the same
reference numerals.

Fig. lashows a schematic view of an installation barge 1according
tothe invention. In this embodiment the installation barge 1is ajack-up
vessal 1having four legs 2 and aplatform 3. The legs 2 are adjustable between
atransport position in which they substantially extend above a deck 4 of the
platform 3 and an installation position in which they extend substantially
below the deck 4 of the platform 3. With the legs 2in the transport position,
the platform 3isfloating and the jack-up vessel can be transported, either by
towing, pushing or self-propelled from one location to another. In Fig. | athe
legs 2 of the jack-up vessel 1arein the installation position on the seabed. The
platform 3isjacked up along the legs 2 and is positioned above the water level
5such that the platform is approximately free from normal wave activity.

Theinstalation barge 1is provided with an assembly structure 6 on
the deck 4. The assembly structure 6is arranged toreceive, in this
embodiment, ahub-nacelle assembly 7. The hub-nacelle assembly comprises a
hub 8 and a nacelle 9 which are connected to each other, either onshore or
offshore.



10

15

20

25

30

WO 2013/095136 PCT/NL2012/050909

12

Further, the installation barge lisloaded with wind turbine blades
10 which need tobeinstalled offshore tothe hub-nacelle assembly 7. An
example of adeck layout isgivenin Fig. 2. Fig. 2 showsthat the installation
barge 1isloaded with hub-nacelle assemblies 7, blades 10 and wind turbine
tower sections 11. The assembly structure 6ispositioned on the deck 4, and in
this particular example, at the stern of the jack-up vessel 1. Further, a
secondary crane 12 and amain crane 13 are provided on the deck 4. The
secondary crane 12 and the main crane 13 typically have a different lift
capacity. Of course, the assembly structure 6 can beplaced at any other
position on the deck 4, depending on the chosen deck layout.

The assembly structure 6 can be of a column-type structure and/or of
atruss type structure. Means allowing work men tomount the assembly
structure 6, such asladders and/or stairs can be provided inside and/or outside
the assembly structure 6.

The sequences o the embodiment of the installation method shown
in Figs la- |i are asfollows.

Once the jack-up vessel 1has arrived at the installation site offshore
and isin the installation position with the legs 2 on the seabed and the
platform 3 above the water level 5, the installation of the wind turbine may
commence.

The main crane 13 lifts the hub-nacelle assembly 7 from its position
on the deck 4 onto the assembly structure 6, shownin Fig. la. Then the
secondary crane 12 lifts the blade 10 by using a blade handhng tool 14. Such a
blade handling tool, or yoke, is known and is commonly used tolift the
relatively vulnerable wind turbine blades 10. The yoke may clamp itself over
the blade 10 to grab the blade 10, shownin Fig. Ib.

Fig. | c showsthe manoeuvring of the blade 10 towards ablade
support structure 15. Embodiments of the blade support structure 15 are
shown in Figs 3 and Figs. 4. The blade support structure 15isarranged to
support the blade 10 under an angle awith respect tothe deck 4. The blade
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support structure 15 may also be omitted, then the blade 10 is maintained
under angle a by the secondary crane 12 and the blade handling tool 14 only.
In Fig. 1dthe blade 10 rests on the blade support structure 15.

With the blade 10 resting on the blade support structure 15, the
blade 10 can be manipulated towards the hub-nacelle assembly 7to connect
the blade 10 tothe hub 8. The blade 10 is connected tothe hub 8 by means of a
flange connection 19 which needs to be closed and/or secured for example by
relatively large bolts. The blade 10 and the hub 8 are provided with
complementary flanges.

Manipulation of the blade 10 can be done manually and/or by the
crane 12 and the blade handling tool 14. Tomanually assist the connection of
the blade 10 tothe hub 8, the assembly structure 6 isprovided with a safe
working deck 16. Manipulation of the blade 10 can also at least partly be done
by an active blade support structure 15, aswill be explained in relation to
Figs. 4.

On the safe working deck 16, work men can stand to assist the
manipulation and/or the connection of the blade root 17 tothe hub 8. The safe
working deck 16 can be equipped with arelatively ssimple crane for that
purpose, e.g. aDavit crane. Providing a safe working deck 16 is a significant
Improvement in safety with respect toprior art methods where awork man is
positioned in the nacelle and/or ishanging in aharness from a crane.

Fig. If shows schematically that the blade 10 is connected to the hub
8. Once the blade 10 is connected tothe hub 8, the blade handling tool 14 can
be removed from the blade 10. In Fig. If isalso shown the pre-installed
foundation 18 for the wind turbine tower. Since in this embodiment, the
assembly structure islocated near the stern of the jack-up vessel 1, at the
other side of the jack-up 1, the bow side, there is space for the installation of
the tower sections 11. By choosing such alayout, paralel instalation of the
tower sections 11 and the blades 10 can be possible, which may result in
significant reduction of the installation time.
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Fig. | g shows the installation of afirst tower section 11 by using the
main crane 13 tolift the tower section 11 onto the pre-installed foundation 18.
In addition, Fig. |gshowsthat between the installation of subsequent blades
10, the hub 8isrotated such that the subsequent free flange isin position to
receive the second blade 10. In this embodiment, three blades 10 need tobe
fitted tothe hub 8 such that advantageoudly, the hub 8isrotated over an
angle B which is here approximately 120°. A hub towhich two blades will be
connected will berotated over approximately 180°.

The second blade 10 islifted, manoeuvred and connected in the same
way asshown in Figs. la- If.

In Fig. Ih the paralel installation of a second wind tower section 11
and of athird blade 10 are shown. Once the hub-nacelle-rotor assembly 20is
complete, the hub-nacelle-rotor assembly 20 can belifted by crane 14 onto the
completed wind turbine tower 12.

According tothe method of the invention, the installation of the
blades 10 and/or of the nacelle-hub-rotor assembly 20 can be donein a more
controlled way, thereby decreasing risks, weather sensitivity and/or
minimizing possible hazardous situations, while in the same time increasing
efficiency.

According tothe invention, all blades 10 that are tobeinstalled
offshore, are fitted tothe hub 8 while the hub 8ismounted tothe assembly
structure 6. So, contrary toprior art methods, there isnointermediate
manoeuvring of the hub 8 from one position to another position between the
installation of subsequent blades. Between the installation of subsequent
blades 10, the hub 8 remains mounted on the assembly structure 6.

A state of the art wind turbine blade 10 is approximately 60 m long.
Typically, the jack-up vessel 1lhas ininstallation position afree height A of
approximately 12 m with respect tothe water level 5. Advantageously, the
angle ais approximately 30° such that the blade tip 22 has sufficiently free
height with respect tothe water level 5. For example, the free height B of the
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blade tip 22 is approximately 5m. The height H of the assembly structure 6is
in this example approximately 11 m. These dimensions are given as a mere
indication. It isevident that depending on the installation barge, wind turbine
blades, weather conditions, etc. the dimensions will vary. For example, the
angle a may be between approximately 10° and approximately 80° depending
on the free height of the jack-up or on the height of the deck of afloating
installation barge. It istobe expected that when afloating installation barge
Is used, the angle a may become smaller, for example between approximately
10° and approximately 45°, depending on the height of the blade root above the
water level 5to avoidthe blade tip 22 from dipping into the water.

Figs. 3 and Figs. 4 show a schematic arrangement of a blade support
structure 15. The blade support structure 15is arranged to support the blade
10 under the angle awith respect tothe deck 4. Tothat end, the blade support
structure 15 isprovided with arelatively soft support cushion 23 as can be
seenin Fig. 3b, Fig. 3c and Fig. 4b, Fig. 4c. The support cushion 23 preferably
isof amateria that is softer than the material of the blade 10 to minimize
damages on the blade 10. Typically, the blade support cushion 23 can be of
Teflon® or similar materials, e.g. rubber. The blade support cushion 23is
housed in aframe 24 as shownin Fig. 3b, Fig. 3c and Fig. 4b, Fig. 4c. The
frame 24 isusually asteel frame.

To provide optimal support tothe blade 10 the surface 25 of the
blade support cushion 23 isformed complementary tothe blade external
shapes as a counter form, as can be seen in Fig. 3b, Fig. 3c and Fig. 4b, Fig. 4c.
By providing such a complementary support surface 25, not only the blade 10
can be supported more optimally but also the blade 10 can be guided towards
the region to be supported. Due tothe three dimensional shape of the wind
turbine blade 10, there will be a predetermined region of the blade 10 that
corresponds to the blade support surface 25. Preferably, the blade 10is
supported around the center of gravity G. Typicaly, the blade 10 is supported
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over alength L of approximately 4 m, but this can belonger, e.g. for larger
blades, or shorter when there may be e.g. deck space limitations.

Figs. 4a- 4c show an actively driven blade support structure 15
provided with drive means 26, here shown as hydraulic cylinders. The drive
means 26 can however be any suitable drive component, e.g. a compressed air
cylinder or means comprising bellows or rubber, etc. Depending on the number
of drive means provided, the support structure 15 can be actuated in one, two,
three or four degrees of freedom. An active blade support structure 15 can be of
assistance in manipulating the blade 10 towards the hub 8 which may reduce
handling complexity and/or handling time and may decrease safety risks. In
the embodiment of Figs. 4, sufficient drive means 26 are provided to allow
driving the support structure 15in rotational dimensions DI and D2 and in
two trandlational dimensions resulting in trandlation in direction D3 along a
longitudinal axis of the blade 10.

In the embodiment shownin Figs. la- li, itisshowntomount all
blades 10, here three, tothe hub 8 offshore. It ishowever also possible, topre-
fit one or two blades 10 tothe hub 8 onshore and tofit the remaining two or
one blades respectively tothe hub 8 offshore. Thisisshownin Figs. 5and Figs.
6 respectively.

Fig. 5a shows a configuration in which a single blade 10 ispre-
mounted to the hub-nacelle assembly 7 onshore. This configuration can be
transported on the deck 4 of the barge 1as a'single blade up' configuration.
Once arrived at the offshore location, the remaining two blades 10 can befitted
tothe hub 8 by the method shown in Figs. la- If. Asshownin Fig. 5b,
advantageously, the two blades 10 can beinstalled simultaneously resulting in
more reduction of the installation time.

In another alternative, two blades 10 can be already pre-fitted tothe
hub 8 or tothe hub-nacelle assembly 7 onshore. Such a pre-fitted configuration
can be transported in a so-caled 'bunny ear' configuration on the deck 4 of the
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installation barge 1. Once on site at the offshore location, the third blade 10
can befitted tothe hub 8 with the method shownin Figs. la- If.

In another embodiment, atower section 11isused asthe assembly
structure 6tomount the hub-nacelle configuration for fitting the blades 10 to
the hub 8. Once al blades 10 are fitted tothe hub 8, the hub-rotor-nacelle
assembly with the tower section 11can belifted onto a previously installed
tower section. In this variant, no deck space istaken up by afixed assembly
structure. If desired, ablade support structure 15 can be provided.

Many variants will be apparent tothe skilled person in the art. The
invention isnot limited tothe above shown examples. In particular,
dimensions and angles are given by way of an example and may vary
depending on the dimensions of the parts and/or installation barge used. All
variants are understood to be comprised within the scope of the invention
defined in the following claims.
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Clams

1. Method for installing awind turbine at an offshore location by using
an installation barge, comprising the steps of

- providing an assembly structure arranged on a deck of the installation barge;
-mounting at least ahub on the assembly structure;

-fitting at least one blade tothe hub while the hub is mounted tothe assembly
structure, wherein during fitting of the blade tothe hub the blade isunder an
angle with the deck;

- lifting the completed hub-rotor assembly and mounting the hub-rotor
assembly onto apre-installed wind turbine tower section.

2. Method according toclaim 1, comprising rotating the hub between
the fitting of subsequent blades while the hub is mounted to the assembly
structure.

3. Method according toclaim 1or 2, wherein the angle of the blade
with respect tothe deck isbetween approximately 10° and approximately 80°,
more preferably between approximately 20° and approximately 60° .

4. Method according to claim 3, wherein the angle o the blade with the
deck is approximately 30°.

5. Method according to any one of the preceding claims, comprising
positioning the blade in a support structure before fitting the blade to the hub.
6. Method according to any one of the preceding claims, comprising
mounting ahub-nacelle assembly on the assembly structure.

7. Installation barge for the offshore installation of awind turbine
comprising an assembly structure arranged on a deck for mounting at least a
hub to allow fitting of at least one blade tothe hub, with the blade having an
angle with respect tothe deck, while the hub is mounted tothe assembly
structure.
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8. Installation barge according toclaim 7, wherein the assembly
structure is afixed structure on the deck of the installation barge.

9. Installation barge accordingtoclaim 7 or 8, further comprising a
support structure to support the blade under an angle to the deck when the
blade isfitted tothe hub.

10. Installation barge according toclaim 9, wherein the support
structure is arranged to support the blade under an angle between
approximately 10° and approximately 60°.

11. Installation barge according toclaim 10, wherein the support
structure is arranged to support the blade under an angle of approximately
30°.

12. Installation barge according to any one of the claims 9 - 11, wherein
the blade support structure is actively driven to assist manipulation of the
blade towards the hub.

13. Installation barge according to any one of the claims 9 - 12, wherein
the support structure is arranged for supporting the blade around the center of
gravity of the blade.

14. Installation barge according to any one of the claims 9- 13, wherein
the support structure isprovided with a supporting area complementary tothe
blade external dimensions.

15. Installation barge according to any of the claims 7- 14, wherein the
assembly structure isprovided with a connection for connecting at least the
hub.

16. Installation barge according to any of the claims 7- 15, wherein the
assembly structure isprovided with a safe working deck near an upper side of
the assembly structure.

17. Assembly structure arranged for mounting of at least ahub at an
upper side of the assembly structure, wherein the assembly structure is
arranged for mounting on a deck of an installation barge according to any one
of the claims 7 - 16 for installation of awind turbine at an offshore location.
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