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Requirements for the floating structure (Demo 2)

1. EXECUTIVE SUMMARY
The performance of a floating structure will be very different if it is employed as a standalone unit or if it is
hosting a wind turbine. So, although floating technologies are well-known for oil and gas installations, the
requirements are totally different.
This document is focusing on the requirements for floating structure development and particularly for the
one which is being designed under the Demonstrator 2 in FloatGen project. These requirements are closely
linked to the specific boundary conditions which partners have been working with in order to select the floater
configuration which fits best to their needs. According to these boundary conditions a semisubmersible
substructure has been considered as the most promising concept as the best compromise for several factors
such as floater performance, scalability, site conditions and manufacturing+installation+operation costs.
Although Demonstrator 2 deployment has implied to take decisions in terms of type of floater, mooring
layout and other design elements, which depended particularly on these specific project boundary conditions, this
document also gives an overview of general requirements (KPI’s) for floater deployment in the offshore wind
sector.
Therefore the document is divided in two main parts.
First the Key Performance Indicators (KPI’s) matrix for the floating structures is defined. This contains
the general requirements and challenges to deal with in close future as well as programs and proposal to speed
up this technology development.
The second part contains the requirements and constrains for the floater deployment of Demonstrator 2
itself, which are commonly divided in groups depending on their nature. Some examples are summarized below:
•

Experimental site conditions
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

•

Construction facilities characteristics
o
o
o
o

•
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Situation of experimental site
Electrical infrastructure
Tests area layout
Water depth and distance to coast
Seabed conditions
Habitats
General wave climate
Local wave conditions
Extreme wave conditions
General wind climate
Local wind conditions
Extreme wind conditions
Current and tidal range
Wind, wave and current. Combinations and load cases.
Water conditions (temperature, salinity, conductivity)

Machinery
Heat treatments
Welding capacity
Workshops dimensions and loading capacity

Assembly facilities. Dry dock characteristics
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•
•
•
•
•

Marine operations specifications
Wind turbine general characteristics
Floating wind turbine maximum conditions permitted
Mooring system requirements
Dynamic cable requirements

All together define the boundary conditions of the project. These design contours are essential to
understand the influence of different factors in the design process taking care of almost every possible influence
in the floater design from the very beginning. The analysis of these boundary conditions allowed the selection of a
cost-effective solution to be installed and operated for two years.

4/25/2013
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2. KEY PERFORMANCE INDICATORS (KPI’S) MATRIX
Not many deep off-shore floating systems hosting wind energy turbines exist nowadays. Thus, the first
steps of the project are aimed at analyzing and establishing all requirements to be fulfilled by project partners.
By the other side, as the project is dealing with integrated structures, both wind turbine manufacturers
and floating technology experts must define which are their main requirements in relation to the other part, so that
both type of partners can establish new objectives in terms of design. For instance, wind turbine manufacturers
may require a very stable platform, while floating structures manufactures may ask for lighter wind turbines. In
this project Key Performance Indicators (KPI’s) will be used as an assessment tool.
The assessment of capabilities of a technology is difficult in the previous stages of demonstration. The
analysis of global KPI may lead to an appropriate guidance of the design and the set of correct targets for the
development.
The overarching KPI is always CoE. This defines the ability of any energy production system to deliver
economic and social benefit and enables comparison of technology near applications. The main comparison for
floating offshore would be with fixed offshore installations.
Specific KPI’s are defined in table 1 for floating wind turbines. Other deliverables take into consideration
other specific KPI’s related to regulations aspects, wind turbine and integrated system.

4/25/2013
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Number

Description

KPI

1.1

Large scale turbines and innovative design for
reliable turbines rated 10– 20 MW. This is the range
expected for floating wind turbine market which will
have a significant influence in floater design.

Innovation for the very large concepts should be included by stage, and include upscaling.

• Advanced aerodynamic modelling, design and testing
and aero tools for turbines on floating structures.
• Characterization and development of materials and
components for floating wind turbines and floaters,
including upscaling effects.
• Detail development and integration of floaters, wind
turbine, mooring system and dynamic cable– both
theoretical and sub-system validation.
• New control strategies and systems for floating wind
turbines.
Reliability of large floating wind turbines and floaters,
and floating wind farms.
• Analysis of flow in and around large floating wind farms
and through control optimization of power performance
and minimizing dynamic loading.

1.2

• Increased reliability of current large offshore designs
and adaptation to future floating offshore wind farms:
smarter O&M with preventive maintenance and condition
monitoring; optimizing life-cycle cost.
Floaters and mooring systems optimisation and
demonstration for severe conditions.

Market should enable the demonstration of a 15-20 MW prototype on period 2017- 2020, as stated by the Wind
Energy Roadmap. Floaters will have to withstand the loads of these wind turbines which would imply a period of
knowledge acquisition in terms of the following factors:
• Design and testing of very large floaters and possible mooring system for both, single floating wind turbine and
floating wind turbine as part of a complete wind farm highlighting the synergies and problems that can arise.
• Develop and test floaters for turbines in the 10-20 MW range analysing potential locations which are
representative ones for the future floating offshore wind farms.
• Design and testing of very large floaters blades including smart aerodynamic control over 80 m length.
• Analyse and test materials for floaters. Steel and concrete solutions are the standard ones but hybrid solutions
and new materials can be used in this market.
• Development and implementation of a smart control strategy minimizing the loads, controlling the stability and
improving the efficiency of a large floating offshore wind farms. The objective is to improve power output of floating
turbines.
• Investigations to analysis the long-term behaviour of floating wind turbines in order to availability to floating wind
farms
• Technology improvements in materials (blades and drive train), drive trains design, and wind turbine design will
improve the weight / power, weight / floater fabrication cost, weight / stability, weight / floater loads ratio and so on.

The KPI should assess the efficiency of the optimised floaters for extreme and operation conditions compared to
reference floaters in the same conditions. Below are defined some KPI proposals:
-

4/25/2013

Wind turbine power coefficient to assess the improvements in energy capture.
Maximum pitch angle in extreme conditions. Supporting stiffness in tilting direction. Degree of pitch, yaw
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-

and surge related to steel weight
Reference floaters cost/optimized floater cost ratio
Reference floater maximum acceleration/ Optimised floater maximum acceleration
Maximum excursion/mooring system cost
Floater to turbine weight ratio
Complexity of mass manufacturing and installation
Mooring cost and footprint
Cable and electrical installation

Regarding deep-offshore structures (floating), the FP7 call ENERGY.2009.2.9.1: Deep off-shore multi-purpose
renewable energy conversion platforms for wind/ocean energy conversion, has provided materials for further
developing these future concepts. The FP7 grant is € 20 – 30 m.

1.3
1.4
1.5
1.6

Definition of methods and standards for testing large
floating wind turbine components.
New and representative experimental site for testing
large floating wind turbines.
Additional field testing facilities for 10 – 20 MW aimed
at increasing reliability.
Development of large scale manufacturing and
logistics processes for different floaters for large
floating offshore wind farms.
Analysis of automated production facilities to mass
manufacture floaters for wind turbines in the 10 to 20
MW range established.

In addition, deep off-shore floating structures hosting multi-MW wind energy converters should be demonstrated.
The demonstration should address integrated (turbine and substructure) concepts including large cost-efficient
floating structures, multi-MW wind energy converters and related equipment designed for wind farms management
and for compliance with easy connectivity to the offshore grid. An FP7 was formulated in that sense in 2010.
Methods and standards for testing large components.
New and representative experimental site for testing large floating wind turbines. See objectives in KPI number
1.6
See objectives in KPI number 1.6
The performance is assessed in floaters produced per year for a floaters production facility. Harbour logistics and
marine operations are key factors to optimise.
The efficiency of the deep offshore concepts depends on the amount of materials to be used per turbine (tons
/MW).
One of the objectives described by the European Commission’s Wind Energy Roadmap is to develop floating
structures with platforms, floating tripods, or single anchored turbines.
These objectives are supported by the following Actions (Figure 2):
• A development and demonstration programme for new structures distant from shore aiming at lower visual
impact and at different water depths (>30m). At least 4 structure concepts should be developed and tested under

4/25/2013
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different conditions including floating concepts on the 2015-2018 period.
• A demonstration programme on advanced mass-manufacturing processes of offshore structures.
On the 2010-2012 period, focus is given to the large scale deployment of the offshore wind technology in high
water depths:
• Development and testing of innovative support structures, including floaters
• Automation of substructures manufacturing. A first phase to be launched on period 2010-2012 is an industrywide study on mass manufacturing of substructures in order to supply the upcoming large-scale development of
offshore wind in deeper waters in which there will be a subprogram for floaters. Since most of the offshore
developments were based on monopiles foundations, the industrial capacity is not available to supply the
necessary amount of substructures. Moreover, the unit cost (€/kg) of substructures needs to get closer to the cost
of tower structures and serial production is needed.
• Technology transfer from the Oil & Gas sector.
1.7
1.8

Analysis of industry capacity for mass manufacturing
of floaters and mooring lines to supply the upcoming
large European markets for deep waters.
Standards for safety and operation of floating wind
turbines, including standard safety factors
Standardisation of subcontracting, in partnership
with the Oil&Gas and maritime sectors

Development of the necessary manufacturing capacity to manufacture floaters and mooring lines suitable for
water depths > 50 m. Upcoming market.
Safety factors agreement.
Specific standards for floating wind turbines are being developed in 2013.

Table 1: Specific KPI’s for floating wind turbines.

4/25/2013
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3. REQUIREMENTS AND CONSTRAINTS FOR DEMONSTRATOR 2 FLOATER
Many of the same issues that govern oil and gas platforms will also be present in the design of wind
platforms but the importance of each variable will be weighted differently. There are a vast numbers of possible
offshore wind turbine platform configuration permutations when one considers the variety of available moorings,
tanks, and ballast options in the offshore industry. Unfortunately, a designer might find that most of the resulting
topologies would have some undesirable aspects that would drive the system cost out of range for most wind
applications. The optimum platform does not exist, of course, but there are many features that such a platform
would embody that most designers could agree on. Therefore the decision of the floater selection for a particular
application is really dependent on the boundary conditions which surround the project deployment phases of
design, fabrication, assembly, installation and operation. According to these boundary conditions affecting all
these phases, Demonstrator 2 partners will propose and design a suitable and cost-effective floater solution to be
installed in PLOCAN experimental test site. Below the groups of boundary conditions that affect the project
deployment most are explained.
3.1 EXPERIMENTAL SITE CONDITIONS
The experimental site of PLOCAN is an offshore multipurpose test site with the aim of facilitating and
accelerating oceanic research activities and oceanic technology deployment such as ocean energy, offshore wind
and aquaculture and materials. The area will provide with electrical and optical infrastructure, grid connection,
permanent monitoring and logistic to reduce cost for operation services.
3.1.1 PLOCAN TEST SITE LOCATION AND LAYOUT

Plocan test site is located on the east cost of Gran Canary Island between Las Palmas port and Gando
airport as illustrated in figure 1. Due to the volcanic origin, the orography and continental shelf drops sharply as
one gets further from shore which is a big challenge especially for the mooring design. See figure 2.
PLOCAN covers a total area of 40 km2 (10 km length and 4 km width) in waters between 30 and more
than 1000 m of depth in 1 to 12 kilometres distance from shore respectively.
The coordinates of the polygon vertexes (UTM, WGS84) delimiting the test site are specified in table 2.
Possible access routes and the polygon are represented in figure 3.

4/25/2013
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Figure 1: PLOCAN test site location (Source: Plocan)

Figure 2: PLOCAN test site general bathymetry (Source: Plocan)

Point
A
B
C
D

X
460612
470777
472277
463486

Y
Depth (m) Shore distance (km)
3103780
30
2
3103780
1000
12
3099904
1000
10
3099904
30
1

Table 2: Coordinates of polygon vertexes (UTM, WGS84) delimiting the test site. (Source: Plocan)

Figure 3: PLOCAN test site general layout. (Source: Plocan)

4/25/2013
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3.1.2 ELECTRICAL INFRASTRUCTURE

Below the general layout of PLOCAN electrical infrastructure which is a conceptual design that will be
defined in more detail in future more advanced phases of the project is described.
The offshore infrastructure essentially comprises:
•

An Hybrid MV main cable

•

2 hybrid secondary cables + 5 dynamic hybrid cables

•

An Underwater transformer station

•

Underwater connectors and a Junction box

Each hybrid cable will have:
•

Three phase power cables for energy flux

•

Single-mode fibre optic cables for the signal transmission, measurements, control and other data
needed by the prototypes under development.

•

A DC feeding cable of low voltage of 5kV/10A (only in the main cable) and a DC feeding cable of low
voltage of 400V/10A (in all cables). They will be connected at the substation on land.

As mentioned before, there is not a final electrical infrastructure layout defined yet. The conceptual
design illustrated in figure 4 is representing the offshore-onshore electrical infrastructure as well as its general
details. Most parts of the infrastructure will be submarine, but also, it will contain a short onshore section that will
allow the evacuation of electricity generated by the offshore devices to the national transmission network on land.

Figure 4: PLOCAN test site electrical infrastructure conceptual layout and main components (Source: Plocan)

4/25/2013
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3.1.3 SEA BED CONDITIONS

For the moment there is not much information of test site seabed conditions available apart from the
data for bathymetry (up to isobaths -200m) and some soil information but only for an area ranging from -30 to 60m depth and for a specific rectangle which does not cover deeper areas.
Partners are working with PLOCAN in order to carry out geophysical and geotechnical campaigns to get
suitable and accurate information necessary for the floater design and in particular for the anchoring system
proposal in terms of platform orientation and mooring lines layout and configuration. Figure 5 illustrates
preliminary soil information of the test site according to previous campaigns.
What can be said is that after preliminary lab tests of some samples randomly collected in the area in
previous campaigns, no significant pollutants were found, which means that it could be dredged if this would turn
out to be necessary for the installation.
Additionally future campaigns will need to take into consideration the fact that there is no detailed
geomorphological information (just grab samples) of the area available. Information from the -70 onwards will be
necessary but also for locations where work during the project is expected.
The aim of the new campaigns is to provide the developer with new and more accurate information on
bathymetry, soil conditions and types covering all the areas of interest towards deeper areas with no significant
slope. In a first phase (by the end of April) a survey campaign will be carried out in order to get detailed
information of bathymetry, magnetometry, geophysical and geomorphological seabed conditions and a study to
identify the type of soils and their distribution around the area. There will be a second phase with a geotechnical
campaign in order to extract samples of the soil at the potential locations of the mooring system anchors.

Figure 5: PLOCAN test site preliminary soil conditions (Source: Plocan)
3.1.4 HABITATS

Even though detailed environmental conditions will also depend on the geophysical campaigns during
which sea floor samples will be collected, it seems that special attention must be paid to those areas where
important habitats are present. Dividing the area in sectors the following habitats can be found:
•

4/25/2013

Sector North (playa de la Laja-Punta de la Mareta)
o Maërl: between -31 and -50m deep.
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•

Sector South (Ojos de Garza-Arinaga)
o Cymodocea nodosa (Sebadales): -3 up to -25m deep.
o Caulerpa prolifera
o Caulerpa racemosa

•

Sector Central
o Avrainvillea canariensis: -35 up to -60m deep. Sensitive species under the Canary Islands Red
Book.

Meetings need to be held with Environmental Bodies/experts from Canary Island in order to anticipate
further unexpected issues or to look for the proper solution where environmental restraints may jeopardize the
viability of the project/designs.
3.1.5 GENERAL WAVE CLIMATE

The wave climate in the North of the Canary Islands is characterized by swell coming from NNW. During
the winter, swell is almost permanent and 20% of the time the height is above 3 m (Hs). During the summer swell
continues to be present but much less intense and especially during the summer period wind sea comes from
NNE. The north of The Canary Islands shows bimodal wave behaviour with influences of swell and wind sea all
the year. In general the layout of the Canary Islands is an important parameter to determine the real metocean
conditions in different coasts of each island. For this reason it can be seen that the south coasts of most of the
islands are protected from both swell and wind sea. However even though the east coast, where the PLOCAN
experimental site is located is protected against the swell effect, it is very exposed to Alisios (strong winds)
as described in figure 6. West coasts are exposed to both wind sea and swell but are protected against the
Alisios. Below the average significant wave height during each season is described in a histogram (figure 7) with
a preliminary analysis of the significant wave height distribution (local events could be hidden due to average
operations, which means that a detailed metocean condition analysis is needed):
•

Winter: Hs<2.5m (average over 12 years).

•

Spring: Hs<2m (average over 12 years). Transition period to summer

•

Summer: Hs<2m (average over 12 years).

•

Autumn: Hs<1.5m (average over 12 years). Transition period to winter.

Figure 6: Wave (swell) and wind (Alisios) in the East Coast of Gran Canary island (Source: Plocan)

4/25/2013
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Figure 7: Preliminary significant wave height distribution (Source: Plocan)

Therefore, due to the layout of The Canary Islands.Gran Canary and in particular its east coast is placed
in such a way with respect to the rest of the islands and Africa that wave directions are limited to a restricted
sector as shown in the figure below.

Figure 8: Subsectors which wave headings are most probable to come from (Source: Plocan)

It is important to remember that these conditions are only general conditions due to global effects on
the planet. Local analyses in test site must be performed in order to establish the real metocean conditions used
during the design phase.
3.1.6 LOCAL WAVE CONDITIONS

Detailed wave condition analysis is being carried out using information from different wave sources.
Basically this information consists of several sources:
•

4/25/2013

Buoys: LPI, LPII, TF, GC and TF Sur. The first three buoys are only able to measure wave height but
not wave direction.
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•

Visual observations: Normally these measurements overestimate the real wave heights. It was used
as additional source of information due to the large amount of visual information since 1880.

•

WANA points: The WANA points selected were WANA-1019011 and WANA1019012. The information
goes from 1995 to 2005.

•

WASA points: The WASA point selected was WASA-14212. The information goes from 1972 to 1994.

•

Satellite measurements.

In the figure below the position of each source of information can be found with respect to the experimental site.

Figure 9: Location of different sources of information (Source: Plocan)

Due to the proximity to the experimental site, the main information that is being used is from the LP-II
buoy and WANA1019012 apart from other analyses in order to fill in the gaps of information.

4/25/2013
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3.1.7 EXTREME WAVE CONDITIONS

Extreme wave conditions are very dependent on local analysis which still pending. However and
according to preliminary metocean information, the figure below shows the extreme significant wave height for
different return periods as well as maximum wave heights and wave peak periods. This information has been
taken from buoy LP II.

TR = Return period
HR = Significant wave height
Hmax = Maximum wave height in a sea state
Tp = Peak period

Figure 10: Preliminary extreme wave statistics at PLOCAN experimental site (Source: Plocan)

3.1.8 GENERAL WIND CLIMATE

Wind circulation in Canary Islands is basically governed by pressure differences between the Azores
anticyclone (high pressure area and Iceland low pressure area. This pressure difference is the main factor that
explains the wind intensity coming mainly from North-East. These are the so-called Alisios. This wind pattern is
not constant along the year suffering significant modifications each season.
•

Winter: very low wind speed (NE: North-East)

•

Spring: transition season to summer

•

Summer: high wind speed (Alisios. NNE and N: North-North-East and North). Ws>80 Km/h

4/25/2013
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•

Autumn: transition season to winter

This is the general pattern but there are several local perturbations which affect the local wind intensity
and direction depending on the seasons (islands layout, orography, air and water temperature and other factors).
In the figures below the general wind direction pattern on the planet can be seen showing the mentioned
predominant wind from NE in Canary Islands (Alisios).

Figure 11: Upper figure: General wind direction pattern on the planet. Lower figure: Annual average wind power
density at 80 m height measured from MSL (Source: Plocan)
3.1.9 LOCAL WIND CONDITIONS

Detail wind conditions analysis is being performed by Acciona Energia Wind Resources Department in
collaboration with the FloatGEN Floater design team by using information from different wind sources. Basically
the current information consists of time series of wind speed and direction in different strategic onshore and
offshore points. The efforts are important, as there is no offshore met mast in place or close to the site.
There exists one anemometer located in Gando airport which stores 4 measurements per day (at 1am,
7am, 1 pm, 6 pm) storing the mean wind speed value of each period and over a period of 12 years from 1976 to
1987. Another one is in Las Palmas port (it measures the maximum wind speed in the same periods as the
Gando Airport anemometer).

4/25/2013
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In addition information of Tenerife Sur and Gran Canary buoys could be used (these buoys measure
wind at 3 m height) in order to correct the values obtained due to the fact that the previous anemometers are
placed onshore and they may underestimate the wind at the test site. However these buoys are quite far from the
experimental site and their measurements should be used with care.
Even though a local wind analysis needs to be performed, figure 12 shows the mean wind speed in
Gando airport which gives an idea of the wind distribution during the year having the highest wind speeds in
summer when the Alisios are more predominant and a wind rose highlighting the mentioned main wind heading
on PLOCAN test site.

Figure 12: Mean wind speed in Gando airport and wind rose obtained for a period of 12 years from 1976 to 1987
(Source: Plocan)

4/25/2013
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It is rather important to remember that these values represent the average of all measurements for a
period over 12 years at any specific time. This can be considered as the average year. This information must be
used carefully since it represents the average of wind intensity but also the average of wind direction which
implies that some important events could be hidden behind the average.
Acciona has launched an exahustive campaign in order to go over the lacks and uncertainties on the
wind data, and due to the necesity of having the best possible load cases matrix in order to perform the
engineering iterations needed to design the floater and develop the specific wind turbine controls.
3.1.10 EXTREME WIND CONDITIONS

Extreme wind conditions need to be analysed in detail on the test site. However some information is
available for preliminary analysis using basically Weibull distributions obtained from WANA1019012 data as
indicated in figure 13.

Wind spped (m/s)

Wind spped (m/s)

Figure 13: Upper figure: Weibull distribution using WANA12 data. Lower figure: Weibull distribution for each wind
direction using WANA12 data (Source: Plocan)

4/25/2013
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3.1.11 CURRENT AND TIDAL RANGE

There is not enough information for current speed and its direction on the East coast of Gran Canary
Island. Typical values for tidal currents in Canary Islands are in the order of 50 cm/s. Marine currents on the test
site are mainly produced by semi-daytime tide with speeds below 0.5 m/s. Some investigations show that there
are local areas where the current speed increases due to bathymetry effects. An ADCP gauge has been installed
to measure the current speed and direction in more detail. Two-month measurements raw data is available. It is
expected that the ADCP will be installed closer to the final location of the platform to obtain more information to
be used in the design. This is being considered by the site owner and Acciona in order to assess the worth and
value of such information
Additionally Acciona is undertaking a task in order to recover as much information as possible related to
currents from different sources apart from the site owner one. Such information is of interest to understand the
influence on the sea station keeping and some marine operations.
3.1.12 WIND, WAVES AND CURRENT. COMBINATION AND LOAD CASES

As explained before, there are several sources of data for wind, waves and current on the test site or
close to it but there are still many information gaps due to the fact that these three data sets cover different
periods, having significant amount of periods of time without any information apart from the fact that three effects
have been measured independently. Moreover, there is no correlation in the data between wind, waves and
current which is essential for the load cases proposals according to the standards.
Therefore, additional analyses and sources of data are needed to cover this lack of information. Below
the plan on how the partners are thinking to get accurate met-ocean information is explained in more detail.
A reanalysis data of waves, wind and currents at the experimental site is being performed in order to
define in detail the three effects and their probabilistic combination.
Wave data:
•

Wave data from reanalysis is available (information of 64-year-1h sampling data). Verification against
the existing Puertos del Estado buoy installed next to the test site (scalar buoy) is being carried out.
The waves information is being validated and combined with other data sources explained in the
document in order to have unique and accurate wave information of the area.

•

Several propagations of most severe sea states (20 sea states) will be performed in the area to
determine the propagation coefficient.

Wind data:
•

4/25/2013

Hindcast wind time series at different heights from 20-year-1h sampling data reanalysis is being using.
The information has been calibrated/validated against nearest onshore met-stations. It is expected to
have a fixed offshore met-station close to the experimental site (maximum distance: 3 km from
installation point). This met mast will be installed on a GBS platform that will be fabricated and installed
by Acciona in the summer of 2013. Data from this met-station will be available for verification/calibration.
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Current data:
•

As explained before, there is only two-month current data from an ADCP installed in the experimental
site. A new ADCP campaign will be arranged to have reliable current information for the area to verify
the Hindcast data. However and according to preliminary conclusions, current speeds seem not to be
very high, being the maximum value from the information recorded below 0.6m/s.
As defined in chapter 3.1.11 Acciona is undertaking a specific task force to understand the current at the
site and in the vicinity. For this reason some information from 7 years of daily Hindcast data, which is
being processed internally by Acciona, is being used in order to add more information to the one
provided by PLOCAN.

Collecting the information of these different data sources and after validating it against real on-site
measurements, a load case matrix will be proposed according to relevant standards to perform simulations
accordingly.
3.1.13 WATER CONDITIONS (TEMPERATURE, SALINITY, CONDUCTIVITY)

These parameters were measured in different stations along the test site and much information is
available. This will be relevant is some design phases such as material selection, corrosion system design and
similar aspects. The picture below shows the distribution of the test site water temperatures for different seasons
and water depths.

Figure 14: PLOCAN experimental site water temperature (Source: Plocan)
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3.2 CONSTRUCTION FACILITIES CHARACTERISTICS

The Demonstrator 2 floater will be manufactured in Navantia shipyard in Puerto Real. It is important to
pay attention, from the very beginning, to the fabrication workshops characteristics in order to understand and
anticipate possible limitations at early phases of the design process. Additionally it is essential to take into
consideration how possible limitations, if any, would affect the floater design and what kind of design
modifications could solve possible problems without affecting significantly the cost and performance of the floater.
According to these considerations Navantia shipyard characteristics and its manufacturing capacities which are
summarised in different groups in the following table have been analysed:
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Characteristic

Cutting steel plate

Rolling
Capacity

Forming Press
Heat Treatment
Welding Capacity
Manufacturing
Capacity
NAVANTIA
Workshops

Description
Plate cutting machines:
Plasma:
- Until 30mm with cutting angles of 45º y -45º,
- Until 45mm without cutting angle.
Oxy cutting:
- Capable of cutting until 300mm
Rolling Capacity:
- Depends on radius:
- Max thickness 80 mm (for radius 2-3metres)
- Max thickness high-strength steel: 50 mm
Max. Forming load
- Load: 800 tons.
- Max thickness: 150 mm
These treatments would be subcontracted if needed
- Common technologies in shipping construction. Automatic in workshops and semi-automatic welding.
- Flexible mechanization (oscillators, orbital machines, etc.).
- Usual processes: FCAW, GMAW, TIG , SAW
Curved block workshops:
Max. dimensions:
- Width of 25m x height of 18m and up to 160t
- Width of 33m x height 8m and up to 120t.
Flat block workshops:
- 20 (length) x 22 (width) x 15 (height), up to 600 t.

Road
Transportation
Workshop to dry

Limitation of 600tons with the shipyard owned means.

dock
NAVANTIA Puerto
Real Port
licenses

- Heavy components movements and ship loading process are common in shipyard and no new licenses are required.
- No detected interface with other activities.

Table 2: Construction facilities characteristics. (Source: Navantia)
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Despite of the fact that this table summarises Navantia workshop “constraints”, these should be considered as fabrication boundary conditions since they are not a
limitation themselves. Navantia facilities offer in all fabrication phases sufficient capacities to fabricate any design of floater.

3.3 ASSEMBLY FACILITIES. DRY DOCK CHARACTERISTICS

Once different parts of the floater have been fabricated, they have to be assembled together. The assembly can be done in different ways with different implications in
cost and needs. Semisubmersible substructure allows assembling the floater in a dry dock which helps avoid load-out costs that are pretty high if the assembly is performed in
an harbour. Navantia dry dock characteristics are summarised in the following table:
Characteristic

Description
Dimensions:
- Length: 525metres. Width: 100m
- Draft: 7,5m. Depends on the tide, up to 11,5m.
Lifting capacity:
2 Goliath cranes in dry dock area

NAVANTIA
Dry dock
Characteristics

- Length = 750 m.
- Breadth = 175 m.
- Free lifting height = 80 m.
- Lifting capacity: Single crane = 630 T
- Both cranes simultaneously = 1.200 T
1 crane with a lifting capacity of 100 tons
1 crane with a lifting capacity of 15 tons
Quay area of 50.000m2 approx.
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Dry dock and quays in Puerto Real (Cádiz):
Access to sea:
NAVANTIA dry
dock and port
location

- Water depth of navigation channel of 12 meters.
La Pepa Bridge:
- Height allowed between sea surface and bridge: 63m.
- Maximum draft with highest tide: 15,11m. (Ideally, maximum draft: 11,11m). Tidal range of 4 m.

NAVANTIA

Additional shipyard’s quays:

Puerto Real Port

- South quay: 575m with 8,5m draft
- North quay: 150m with 12m draft
Cranes: lifting capacity 1200tons

characteristics

Table 3: Assembly facilities. Dry dock characteristics. (Source: Navantia)

Dimensions and capacity of the dry dock are bigger than needed for the prototype which implies that no problems are expected in this phase. Additionally dry dock
floater launching allows saving a significant amount of money in the load-out avoiding the use of big cranes or skidding load-out methods. There are however a restriction due
to the construction of a new Bridge at Cadiz, that limits the height above MSL. Such circumstance could have a substantial influence on the assembly and lead to a not
possible full assembly at dry dock. This was however considered from the very beginning as a potential scenario and therefore a plan according to solve such circumstance
was properly proposed.
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3.4 MARINE OPERATIONS SPECIFICATIONS
Marine operations consist on towing from Puerto Real to the experimental site with or without the wind
turbine already assembled. There is a limitation with the La Pepa Bridge having a limiting height of 63 m
measured from MSL which means that the entire wind turbine cannot be assembled in the dry dock before
passing the bridge. This implies that an external dock needs to be used for this purpose either in Cadiz (once
passed the new bridge) or on the Canary Islands. This decision has not been taken yet since this has no
significant impact onto the design. Both options are subjected to the use of onshore cranes to install the wind
turbine onto the floater. The port characteristics and risks for towing operations with or without the wind turbine
will be evaluated before taking the final decision.
Another marine operation is the mooring and dynamic cable pre-installation. This depends basically
on the experimental site conditions in terms of metocean and seabed conditions and mooring and dynamic cable
configurations and the layout. In this phase, this necessary information is not yet available even though
preliminary configurations are being analysed. However, independently of the solution adopted, changes in the
design of the floater will not be significant and the marine operations themselves would require different vessels
and marine equipment depending on the final cable and mooring configuration.
Final marine operation is dynamic cable connection to the floater and mooring system hook-up.
The same considerations as applied for mooring and dynamic cable pre-installation can be made here. Therefore
no significant impact on design is expected.

3.5 WIND TURBINE GENERAL CHARACTERISTICS
The performance of a floating structure will be very different if it is employed as a standalone unit or if it is
hosting a wind turbine. This means that wind turbine dynamic behaviour is essential for the floater and mooring
design and vice versa. See deliverable 2.6: Requirements for the wind turbine for more details about wind
turbine preliminary characteristics.

3.6 FLOATING WIND TURBINE MAXIMUM CONDITIONS PERMITTED
There is a big discussion about permitted floating wind turbines maximum extreme and operation
conditions. Since wind turbine manufacturers have not seriously dealt with floating wind turbine design challenges
yet due to obvious market maturity reasons, it is rather difficult to get an agreement on these limits. Common
sense says however, that reasonable limitations must be specified under the following terms:
•

Maximum pitch angle permitted: This should be kept under certain level due to the big influence of
tower inclination in maximum bending moment in the tower bottom section. Reasonable maximum value
is considered 15º. This also has a notable influence on the energy production being this the degree of
freedom that has the biggest influence on floating wind turbine energy yield.

•

Maximum floater excursion permitted: Maximum excursion depends on the stiffness of the mooring
system. The wind turbine component that has the biggest influence on this decision is the dynamic cable
design, being this as well the weakest component. Normal values are in the range of 25-35 m (surge and
sway excursion) measured from the floating wind turbines equilibrium position. If this value is kept within
this range the dynamic cable design can be performed without mayor problems.
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•
•

Maximum nacelle acceleration permitted: There is a lot of uncertainty in the definition of the threshold
for this value. The weakest components which are very sensitive to inertia loads are located inside the
nacelle and a common limitation for the nacelle acceleration is 1g.
Substructure main requirements and limitations: The main features of the floating substructure will
be its dynamic behaviour and stability. For the initial design this is taken care of by three response
parameters which are:
o

Heave period. This should be in the area of 18-20 sec. away from the most energetic part of
the wave periods (for this project we assume fairly benign waters).

o

The heel angle. Under static wind load this value should be in the area of 4-6 deg. This
requirement will depend on the arrangement and response of mooring system which may be
adapted in a later phase of the design process.

o

The Pitch/Roll period. There is no explicit requirement for the pitch/roll period. The natural
period is calculated and considered in relation to the heave period. Normally the pitch/roll
period will be above the heave period and if the difference is in the order of 2-6 sec it is
considered acceptable. The pitch period will depend on the Gyration radius and the GM value
and can accordingly be tuned if required.

Figure 15: FloatGen floating wind turbine concept (Source: Dr.techn. Olav Olsen)

The structural design and scantling of the floater will be dependent on various loads and load response
in the structure. The shaft and shaft base will be designed mainly by inertia and gravity loads from the
turbine tower and shaft, due to pitch accelerations and angles. Extreme loads are normally related to
extreme weather conditions but in general the design of the shaft (and the remaining sub-structure) will
be related to fatigue, and extreme load conditions will generally cause low stress levels in the structure.
For fatigue design the combined dynamic load response from wave and wind will be the design driver.
Accordingly, fatigue design integrated analyses will be performed.
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For the pontoon and column design it is expected that the dynamic loads from the WT and tower will
have reduced influence on scantling as the stress effects will fade out with the distance from the shaft
root. It is expected that the pontoon (excluding the shaft connection) and columns mainly will be
dimensioned based on local hydrostatic and dynamic loads on the plate fields in combination with global
stresses.

3.7 MOORING SYSTEM REQUIREMENTS
The mooring system will presumably be a 3-line catenary system with chains. The connection points on
the floater will be located on each of the 3 columns, on elevation top of pontoon, top of column or anywhere in
between. This must be decided in the conceptual design. The main features of the mooring system are
summarised as follows:
•

It seems that seafloor at experimental site has enough sand to use drag anchors but detailed information
is needed. A geophysical campaign will be carried out to acquire this information.

•

Mooring line pre-tension required is not defined yet since it will depend on the mooring system design.
This pre-tension will have a significant influence in the anchor holding vessel selection for mooring preinstallation.

•

Estimated mooring footprint diameter will be around 1200 m. Depending on the allocation of the anchors
there may be interferences with the subsea cable. No information of static cable layout is available at the
moment so final mooring configuration will be defined in more advanced phase of the project.

3.8 DYNAMIC CABLE REQUIREMENTS

Dynamic cable will be designed in advanced phase of the project since its dynamic behaviour will not
have an important influence in global dynamic behaviour of the floating wind turbine. Maximum floater excursion
however will be an important parameter to design the cable as specified before. Cable shape, mechanical
characteristics and configuration and lay-out will partly depend on this parameter as well as additional cable
components such as bending restrictor, hang-offs, buoyancy modules and so on. Additionally, fatigue life
prediction of dynamic cable and its component will be another design driver.
Marine operations like cable pre-installation and cable connection to the platform are also important and must be
considered in the design especially due to the cable limitations related to its minimum bending radius allowed
during cable storage and cable installation as well as maximum pull loads allowed during installation and
connection to the platform.

3.9 CONCLUSIONS

KIP`s have been given as a general necessities to propose a strong foundation and deployment basis
for future floating wind turbine market. Additionally a revision of boundary conditions for the floater which is being
designed under the Demonstrator 2 in FloatGen project has been presented. As a result of these boundary
conditions analysis, a semisubmersible substructure has been considered as the most promising concept as a
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compromise between several factors such as floater performance, scalability, site conditions and
manufacturing+installation+operation costs.

4/25/2013

28

