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ICOE-2012 describe specific findings.) The work
completed is summarised, and an overview of new
results in the pipeline is given – including site and
resource assessment, concept evaluation criteria and
tools, engineering tasks, economics, risk assessment
and the way to grid integration of future combined
offshore energy farms. The paper highlights the way
of collaborative creativity MARINA has developed,
and how the integration of work between industry,
SME and research partners is bearing fruit.

Abstract
Offshore wind is growing quickly in European
shallow seas and prototype floaters for deep waters
are being introduced. However, offshore renewable
energy is much more than wind: the world’s oceans
also offer abundant wave and tidal current energy
resources. MARINA Platform is a large European
R&D project on multi-purpose offshore renewable
energy platforms that runs from 2010 through 2014.
With partners from research, industry and SME’s,
the project features a deep integration of the work.
The project establishes equitable and transparent
criteria for evaluating combined concepts, maps
combined offshore energy resources, and produces
system design and optimisation tools. Cost aspects,
components, grid issues and other relevant aspects
of multi-purpose energy platforms are addressed.

Keywords: Combined offshore wind and ocean energy,
marine renewables.

1. Introduction
MARINA Platform is a European project dedicated
to bringing off-shore renewable energy applications
closer to the market by creating new infrastructures for
both offshore wind and ocean energy converters. It
addresses the need for creating a cost-efficient
technology development basis to kick-start growth of
the nascent European marine renewable energy (MRE)
industry in the deep offshore – a major future global
market. The project combines deep-water engineering

MARINA Platform passed its mid-term mark in
Spring 2012 and the present paper tries to give an
overview of its progress. (3 other contributions at
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experience from European oil & gas developments of
the last 40 years, state-of-the-art concepts for offshore
wind energy, and the most promising concepts in
today’s R,D&D pipeline on wave energy, ocean/marine
current energy and other offshore renewables.
The work has proved challenging due to the
complexity and novelty of the research area. A careful
schedule and organization of the activities and the
background of the project consortium is helping in the
achievement of the project goals as it will be described
in the paper.

2. Work distribution
The MARINA platform project is organized in 9
work packages in order to optimize the work and
maximize the achievements:
WP1. Overall methodology and management
WP2. Site assessment and monitoring
WP3. Concepts identification
WP4. Synthesis – modelling and testing
WP5. Technology risk assessment methodology
WP6. Economic feasibility assessment
WP7. Critical component engineering
WP8. Grid connection and macro-system integration
WP9. Exploitation and dissemination

1.1 Multi-purpose renewable energy platforms
Research on concept assessment in the MARINA
Platform project aims to establish a set of equitable and
transparent criteria for the evaluation of multi-purpose
platforms for marine renewable energy (MRE). Using
these criteria, a novel, whole-system set of design and
optimisation tools will be produced addressing platform
design, component engineering, risk assessment, spatial
planning, platform-related grid connection concepts, all
focussed on system integration and cost reduction.
These tools are used, incorporating in the evaluation all
presently known designs including (but not limited to)
concepts originated by the project partners, to produce
three realisations of multi-purpose renewable energy
platforms brought to a level of preliminary engineering
designs with estimates for their energy output, platform
dimension, material weights, component specifications
and other relevant factors. This will allow the resulting
multi-purpose MRE platform designs, after validation
by advanced modelling and tank-testing at reduced
scale, to be taken to a next stage of development: the
construction of pilot scale platforms for testing at sea.
The paper by Martinez Barrios et al., Methodology for
assessing multiple combined wind and ocean energy
technologies as part of the EU FP7 MARINA Platform
Project, also presented at ICOE 2012, gives results of
this work so far [8].

Technical work packages are defined to cover all the
relevant research areas and aspects to take into account
when designing and/or assessing concepts combining
more than one offshore renewable generation resource,
the focus being on wind, waves and marine currents.

Figure 1: Work package structure in MARINA Platform.
Notice the “market” interfaces and central role of WP3/4.

The work program has been carefully structured and
implemented to have a clear workflow. Inter-relations
between the work packages and with the future market
are focused to achieve the ambitious and challenging
project goals. A particular aspect of the collaboration is
the complementary roles of the partners. Specific Work
Packages are led by Industry or Academic partners by
the best combination from a delivery point of view. In
industry-led WP’s, academic partners have important
scientific roles whereas industry helps to guide efforts
in the more scientifically oriented WP’s. Importantly,
the development of new methodologies is driven by the
industrial partners, while execution (and dissemination)
rests predominantly with research partners, providing a
combined market pull / technology push mechanism to
propel the project forward.

1.2 Collaboration in MARINA consortium
The MARINA consortium was set up with particular
attention to achieving a good balance between research
institutions – universities and technology centres – and
industrial partners. This enables the deep collaboration
needed to achieve the objectives.
As a major objective is to assess new concepts for
the combination of different marine renewable energy
exploitation, Intellectual Property Rights (IPR) issues
have to be taken into account. From the beginning of
the project, the rules were clarified in the Consortium
Agreement. These rules also address the collaboration
with third parties external to the project consortium, in
order to set the collaboration basis for developers who
may be interested in MARINA to study their design.
With these procedures and the willingness of project
partners to share their knowledge and ideas, MARINA
work is moving forward in a collaborative atmosphere
that is helping to achieve the project goals.

3. Project progress
After completion of the first half of the project, all
the WPs are moving forward. Some have been active
2
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from the beginning of the project, while others started
their main activities some time later. As of today, the
project is on schedule allowing for some adjustments.
The following sections present the work in each WP
and a few relevant results achieved.

selection, and the identification of the environmental
monitoring requirements for the deployment of
combined devices.
As WP2 provides key information to other WPs, the
work started from the beginning of the project and is in
an advanced stage. The first task was the development
of a site assessment protocol [3] and review of existing
test sites [4], [5] to characterize the potential combined
resource of three test sites in Europe. These reports are
available on the MARINA web site. Central results are
also presented at ICOE 2012 in the paper by Cradden et
al., A combined resource atlas for marine energy.
The main achievement of WP2 is the development
of a European atlas of wind, waves and currents based
on data for the period 2001-2010. With a 5 x 5 km
resolution and using a combination of numeric models
(SKYRON, WAM, HYCOM) it is possible to get the
resource information and the bathymetry for each point
of the grid.
The atlas information will be integrated in a GIS tool
with different layers related not only to the resource but
also to all the information available to support the site
selection for the combined devices, like shipping lines,
available power grid connection points, restricted
areas… This work will help WP3 in the selection of the
three most promising concepts at the end of 2012.

3.1 WP1. Overall methodology and
management
The aim of WP1 is to establish overall methodology
for the project management to ensure and facilitate the
communication and data flow between the partners and
work packages, while assessing progress towards the
objectives of the project and towards the results. The
assessment of project advances and reporting to the
European Commission (EC) about progress also are
WP1 tasks.
Periodic 6-monthly summary reports are developed,
gathering the advance of the active WPs relative to the
plan in the Description of Work (DoW). These reports
match with deliverables D1.03 to D1.11 of the project,
of which D1.03 to D1.09 have been completed.
Two annual General Assemblies (GA) have been
held, in Barcelona March 2011 and a second in Athens
May 2012. These meetings have proven very useful to
share the work carried out in the framework of each
WP, and also to plan the future work coordinating the
interactions between WPs. Both specific WP meetings
and all-project sessions are held during the two-day
GA’s. As a proof of the open cooperative atmosphere
of partners and WPs, a team of almost 50 have taken an
active part in both meetings, including junior as well as
senior engineers and scientists on the project.
After the first contractual report period of the project
(18 months) an EC formal Project Review was held in
Brussels. The feedback was constructive and positive,
with some adjustments proposed to correct some minor
delays and to share as much information as possible. In
this context, it was decided to make public a greater no.
of deliverables than originally foreseen in the DoW and
to release public versions of certain deliverables which
may have IPR constraints in the consortium. All public
information is available in the ‘Documents and publications’ section of the MARINA web site [2]. The link
between the MARINA project and the now completed
Coordinating Action ORECCA (www.orecca.eu) also
was a feature at the Review.
Regular Steering Committee meetings have been
held in order to follow-up the project progress and set
the rules for the dissemination of results, patenting and
collaboration with developers or third parties.

Figure 2: Example of WP2 work: wave potential.

An application for accessing 3-day forecast data for
wind and wave at the locations of interest for MARINA
is also under development.
In addition to the public deliverables, there are also
academic publications available on the web site that
highlight key parts of the work carried out [2], [6-8].
3.3 WP3. Concepts identification
The aim of WP3 is to establish criteria for viability
of concepts that combine conversion of wind and wave
or current energy, and apply these in the identification
of a small number of potential technological solutions,
based on previously known as well as new ideas. Later,
this work will help to develop and assess new concepts
of wave and wind energy converters, and the aim is to
have the three most promising technologies passed to
the other WPs to be analyzed in more detail.
The work started with a state of the art of the wind,
wave, tidal and combined technologies, in order to set
agreed starting point for the concepts generation. After
a series of “creativity sessions” with the participation of

3.2 WP2. Site assessment and monitoring
The WP2 aim is to establish criteria for identifying
suitable sites for deployment of deep offshore renewable energy platforms, and use these criteria at suitable
test locations to determine the design criteria for such
platforms and their associated grid infrastructure.
These objectives are achieved with the development
of high quality spatial and temporal information related
to the resources – wind, waves and to some extent
currents – across European seas to support the site
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some partners and others with involvement of all WP3
partners (nearly all project partners are active in WP3),
more than 90 concepts were formulated.
In parallel, criteria for assessing the feasibility of the
concepts were developed [6]. These criteria were used
first to group the concepts and next to make a selection
of technological approaches. By the end of 2011 this
work had produced 10 “shortlisted” concepts thanks to
the knowledge and background of all the partners and
using a documented and traceable set of arguments and
logical steps in the selection. The procedure for the 10
concepts selection is described in another ICOE 2012
paper [1]. Further studies of these 10 concepts are now
ongoing and will lead to the selection of the three most
promising by the end of 2012. For this work there is a
close cooperation between WP3 and WP4, the latter in
charge of numerical modelling, but other WPs such as
WP2 (with regards to resource), 6 (cost assessment), 7
(critical components) or 8 (electrical infrastructure) are
also contributing.
In addition to the scheduled deliverables, several
internal studies have been helping in the selection of
the most promising technologies and they will be used
both in WP3 and WP4 [9].

and operational. Structural analysis and preliminary mooring design will also be performed.
¾ Control strategies to stabilize dynamical behaviour
of the device to avoid excess loads and failure, and
to maximise the power output.
¾ Laboratory testing to validate energy conversion
principles and survivability. Small scale laboratory
test and wave tank tests will be carried out.
These first steps assist in the concepts’ selection, and
are supported by partners’ background knowledge and
additional studies such as the expected capture ratio of
a wave energy converter [10] or the expected power
production of wave energy arrays [11], among others.
Currently, partners are modelling the 10 pre-selected
concepts from WP3 in order to get technical criteria for
selection of the three most promising ones. Different
software packages and procedures are applied giving an
opportunity for comparative studies.
3.5 WP5. Technology risk assessment
methodology
The work under WP5 is aimed at deploying and
reviewing risk analysis methods and applying them to
risks associated with installation, operation, including
survivability, of wind and ocean energy facilities. The
methodologies are applied to the concepts identified in
WP3, taking into account the fact that critical issues
will be identified in the design of the concepts in WP4
and other WPs.
During the first half of the project, main activities of
the work package 5 have been analysis of existing risk
assessment protocols and databases with information
about risks, as well as the specification of the RAMS –
Reliability, Availability, Maintainability and Safety –
model for the MARINA Platform project.
The Deliverable D5.1 ‘Overall methodology for risk
assessment’, prepared in draft version, gathers the main
methodologies used for assessment of risk. To support
the concept selection, a simplified methodology has
been developed and applied to the 10 concepts. This is
implemented in an Excel sheet and gives comparative
information of the concepts, or groups of concepts, by
assigning values to a list of events taking into account
the life cycle phases, probability of occurrence and the
consequences. Risk is here understood as uncertainty
regarding occurrence and severity of undesired events.
The report has been completed with two case studies
to get more information about both, the methodology
and the combination of concepts.

Figure 3: Workflow for the concept selection in WP3 using
the defined criteria.

3.4 WP4. Synthesis – modelling and testing
WP4 is linked with WP3 as its aim is to develop
methodologies and tools for the dynamic analysis of
combined renewable platforms, and use those tools for
the performance assessment of the concepts identified
in WP3. Currently, the work in WP4 is focused on the
numerical modelling of the 10 concepts identified in
WP3 to get information about their power production
and system integrity. This work will help in a first step
with the selection process of WP3 to identify the three
most promising concepts, planned by the end of 2012.
For the analyses of those three concepts, specific
models and tools will be developed through different
stages:
¾ Mathematical modelling and numerical simulation
for assessment of the concepts under aerodynamic,
hydrodynamic and environmental loads – extreme

3.6 WP6. Economic feasibility assessment
The final parameter that will suggest if any given
combination of wind + wave (or, possibly wind + tidal)
energy device is feasible will be economic. If there’s no
benefit in an integrated technology with respect to the
individual elements, no case can be made for investing
in development of a combined solution / technology.
WP6’s aim is to assess the combined concepts from
the economic point of view. The work will be focused
on the energy conversion but will take also into account
other possible uses of the platforms.
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The work started with identification of components
and factors to be considered in the design and life cycle
assessment, to estimate their influence in the final cost
of the structure and the cost of the generated energy.
Once the factors/parameters were identified, a cost
model was progressively developed in order to analyze
the influence of different parameters in the final cost
and compare different technologies and combination
options. The tool developed takes into account all the
deployment stages from design to decommissioning,
including the procurement, manufacturing, logistics,
installation and O&M.
The tool is being validated taking advantage of the
experience of the consortium partners, and it forms an
important support for the concept selection in WP3. A
first deterministic model developed in Excel is now in
the process being converted to a probabilistic model in
Java to allow considering all the uncertainties involved.
Future work will include analysis of alternative uses
of the platforms as well as the life cycle costs in terms
of environmental impact.

as an example a report has been developed to allow
power quality to be compared for different concepts.
3.8 WP8. Grid connection and macro-system
integration
A main aim of WP8 is to assess the grid availability
and capacity at specific locations suitable for integrated
wind/ocean energy systems identified in WP2. Another
objective is to define cost-effective solutions for distributing and connecting production units offshore as well
as energy transport to shore, taking into consideration
major issues of grid integration to local power systems.
To achieve these goals, ongoing tasks such as:
¾ Identification of the main components to connect
the offshore energy farm to shore including cables,
connectors, transmission stations, installation
methodologies... An analysis of AC and DC
alternatives for grid connection is also ongoing.
¾ Technical assessment of local grid availability at
selected case study sites. The first step has been to
select the locations, taking into account the
information available and the grid features.
¾ Survey of grid integration studies and network
development plans for the European power system.
This work has been collected in Deliverable D8.1.
The study is to be updated with latest information
by end of 2012.
¾ Development of grid models and combined-device
farm models to analyze grid codes for different
configuration scenarios. A study about reactive
power compensation has been developed.
¾ Offshore farm layout analysis to identify potential
interactions and development of power production
strategies to optimize the power generation. An
electrical design tool is being developed to analyse
collection and transmission systems. To further
optimise the farm output, wake effects of wave
energy converters are also being studied.
To comply with the scheduled objectives of the WP
more efficiently, some changes have been introduced in
the development of tasks and in the definition on one of
the deliverables. With these changes, work is moving
forward as planned.

3.7 WP7. Critical components engineering
This WP’s aim is to identify the critical components
for integrated marine renewable energy platforms and
to determine activities to engineer new or improved
systems. Special effort is put on the optimization of
floating supports and moorings, minimization of the
maintenance requirements for ocean energy interface
elements and optimization of combined power take-off
components for the wind-ocean energy systems.
As the work of WP7 is closely related to the selected
concepts in WP3, it was scheduled to begin in month
15. Some relevant work has already been carried out:
¾ Draft report of the feasibility for other uses apart
from energy conversion of combined platforms:
aquaculture, energy storage, seawater desalination
etc. This work, Deliverable D7.5 prepared in draft
form and, will be completed in WP6 with relative
economic analyses of alternative uses.
¾ Identification, in coordination with WP3 and WP4,
of critical components for the different combined
concepts. For these critical components, future
work will include life cycle analysis, performance
optimization for combined platforms and the risk
minimization. The first deliverable is due by mid2012 and will identify state of the art and potential
design issues related to primary components of the
platforms and moorings.
¾ Power conversion components. This task, currently
ongoing, is an example of the cooperation between
different WPs in the MARINA project. From the
resource data provided by WP2 and concept and
PTO elements provided by WP3 and WP4, PTO
models and control strategies will be developed in
order to get the resource-to-wire model that will
next give a power to grid time series to WP8.
WP7 depends on a decision being made on the final
three concepts, but work up to now has been tailored to
assisting analysis being undertaken in WP3 and WP4,

3.9 WP9. Exploitation and dissemination
The objective of WP9 is to coordinate and perform
dissemination and exploitation activities addressed to
facilitate the use of MARINA results for later marketoriented RTD and demonstration projects.
The first activity completed was the development of
the project website [2] A public section collects all the
project information and the dissemination material such
as papers, presentations and public deliverables. There
is also an intranet where MARINA project partners can
share documents and information.
As the work moves forward, the contributions to
conferences and publications is increasing. More than
25 contributions to conferences, with oral and poster
presentations, project presentations and publications in
scientific and trade journals have been performed. In
addition to the project progress poster presentation,
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three more contributions are scheduled for ICOE 2012
to present particular results so far of MARINA: two
posters related to the resource atlas (WP2), the cost
model (WP6) and a paper reviewing the methodology
developed for assessing combined wind and ocean
energy technologies developed and applied in WP3.
An important activity for the project work is the
coordination with other projects and research activities.
Taking advantage of MARINA partners’ participation
in other EU or national funded projects, a number of
such related activities have been identified in order to
develop collaboration in terms of information sharing.
Finally, the draft Plan for the Use and Dissemination
of the Foreground has recently been issued. The PUDF
document includes a procedure to manage IPR issues,
collaboration with developers and 3rd parties, and the
procedure for the publication of MARINA results.
The number of publications related to the project is
expected to increase further as the work moves forward
and the tools for assessing the combined devices are
developed and applied to the selected concepts. That
information together with public project deliverables
will be uploaded to the public section of the website in
order to make it accessible.
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