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Preface
The United States Department of Energy is funding the management and operational costs of
the Ocean Energy System Annex V Workshops and the United States is serving as the Operating
Agent for Annex V. Each of the participating countries is independently funding their activities in
the Annex. Annex V workshops are managed and administered under the sponsorship of the
Ocean Energy Systems Executive Committee by:
•
•
•
•

Mike Reed, U.S. Member to the OES Agreement, U.S. Department of Energy
Roger Bagbey, Annex V Operating agent, CEO Cardinal Engineering, LLC
Robert Thresher, U.S. Alternate Member to the OES Agreement, National Renewable
Energy Laboratory
Samantha Rooney, Administrative Support, National Renewable Energy Laboratory

Disclaimer:
Ocean Energy Systems (OES), also known as the Implementing Agreement on
Ocean Energy Systems, functions within a framework created by the
International Energy Agency (IEA). Views, findings, and publications of the OES
do not necessarily represent the views or policies of the IEA Secretariat or its
individual member countries.
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Executive Summary
Worldwide there are number of national marine energy device open-water test sites currently in
operation, in construction, or being planned for development. In addition, there are a number of
ocean energy device manufacturers that have tested their devices at multiple open-water sites
in varying environments. The goal of the Open Water Testing Workshop I was to bring together
open-water test site operators and wave device developers to exchange information and
experience on all aspects of planning, development, operation, and usage of open-water test
facilities to identify possible improvements in the capabilities of these facilities for the mutual
benefit of the entire ocean energy industry. Workshop participants included 36 representatives
from 12 different countries. Specifically, the workshop facilitated documentation of the
following:
•
•
•
•
•

Presentations by participants
Major discussion points
Questions and answers
Feedback on how to improve future Annex V Workshops
Ideas on how the OES could work to improve testing of ocean energy devices and
accelerate commercialization of the technology.

Workshop participants gave 16 presentations about open-water test facilities. Three categories
of open-water test facilities were covered by the presentations:
1. Operating test centers – 6 presentations from 5 countries
2. Test centers under development – 5 presentations from 5 countries
3. Test centers operated by developers – 5 presentations from 4 countries
Each of the three sessions was followed by an open discussion by all participants. The many
questions and answers discussed during the workshop are covered in the Summary section in
this workshop report. The report also documents suggestions for future workshops in the
Attendee Recommendations for Future Workshops section. The key ideas on how OES could
work to improve the testing of ocean energy devices are summarized in the following.
During these discussion sessions, an overall workshop theme emerged that focused on defining
a business model for test centers in order for them to most effectively accelerate the
development and commercialization of the industry. Participants discussed whether or not the
test centers should be publically funded facilities that serve the public good, or if they should be
commercial service facilities that charge a fee to their customers, or if they should be a
combination of the two. While the group did not reach a consensus, it seemed that the hybrid
business model seemed to be the best fit for the current needs of the industry and the public
agencies.
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A second overall issue that emerged during the workshop was the clear preference of device
developers to perform research and development (R&D) testing in open waters at or near full
scale to validate stepwise device improvements and environmental effects over extended
periods of time. In contrast, the test center operators were envisioning shorter term testing
campaigns, where device developers would bring in a device and test it at a berth for short
periods of 6 months to a year. The developers also wanted the test centers to be capable of
providing a full spectrum of services. These services might include site sea characterization in
support of logistics, deployment, and maintenance, as well as test device measurement and
instrumentation support, and test data analysis. From the discussion, it appeared that not all of
these capabilities were being planned at this time, but they could be developed with time and
adequate funding.
The third theme that emerged was whether or not the test centers should provide some type of
certificate attesting to the type and duration of testing accomplished during the open-water
testing of a device. However, participants could not fully address what organization should
specify the requirements for such a certificate. Although certification seemed to fall within the
scope of the International Eletrotechnical Commission’s Technical Committee 114 on marine
energy (IEC TC-114), it was unclear whether this is within the current scope of that technical
committee. This may be a topic of international interest for development of a recommended
practice, which would help define the role of and the scope of services provided by open-water
testing facilities worldwide. Recommended practices would also help to develop a set of
standard tests for all wave tidal energy devices.
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ABOUT THE IEA
The International Energy Agency (IEA) is an autonomous agency established in 1974. The IEA
carries out a comprehensive programme of energy cooperation among 28 advanced economies,
each of which is obliged to hold oil stocks equivalent to 90 days of its net imports. The aims of
the IEA are to:
 Secure member countries’ access to reliable and ample supplies of all forms of energy;
in particular, through maintaining effective emergency response capabilities in case of
oil supply disruptions.
 Promote sustainable energy policies that spur economic growth and environmental
protection in a global context – particularly in terms of reducing greenhouse-gas
emissions that contribute to climate change.
 Improve transparency of international markets through collection and analysis of energy
data.
 Support global collaboration on energy technology to secure future energy supplies and
mitigate their environmental impact, including through improved energy efficiency and
development and deployment of low-carbon technologies.
 Find solutions to global energy challenges through engagement and dialogue with nonmember countries, industry, international organizations and other stakeholders.
To attain these goals, increased co-operation between industries, businesses, and government
energy technology research is indispensable. The public and private sectors must work
together, share burdens and resources, while multiplying results and outcomes.

ENERGY TECHNOLOGY NETWORK
The IEA provides a framework for countries around the world, businesses, industries,
international organizations and non-government organizations to work together in collaborative
multilateral technology initiatives, which enable participants to optimize resources, speed
progress and share results. Covering portfolios from basic research to deployment and
information exchange on energy supply, transformation and demand, its 42 initiatives (also
know as Implementing Agreements) focus on:






Cross-Cutting Activities (information exchange, modeling, technology transfer)
End-Use (buildings, electricity, industry, transport)
Fossil Fuels (greenhouse-gas mitigation, supply, transformation)
Fusion Power (international experiments)
Renewable Energies and Hydrogen (technologies and deployment)

These IEA energy technology initiatives operate under the guidance of the Committee on Energy
Research and Technology (CERT), which has in turn, established expert bodies or “working
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parties” to assist with this task. The Renewable Energy Working Party (REWP) is the principal
advisory body to the CERT on all matters relating to renewable energies. The Energy Technology
Network comprises 10 “Implementing Agreements” on individual technologies.

ABOUT THE OCEAN ENERGY SYSTEMS (OES)
The Ocean Energy Systems (OES) Implementing Agreement is an intergovernmental
collaboration between countries to advance research, development, and demonstration of
technologies to harness energy from all forms of ocean renewable resources through
international cooperation and information exchange. Ocean energy resources include tides,
waves, currents, temperature gradient (ocean thermal energy conversion and submarine
geothermal energy) and salinity gradient for electricity generation and desalination. The OES
covers all forms of energy generation in which seawater forms the motive power through its
physical and chemical properties (Figure 1). It does not cover offshore wind generation;
because seawater is not the motive power (offshore wind is covered by the Wind Energy
Implementing Agreement).
OCEAN ENERGY
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The OES international cooperation facilitates:
 Securing access to advanced research and development (R&D) teams in the participating
countries
 Developing a harmonized set of measures and testing protocols for the testing of
prototypes
 Reducing national costs by collaborating internationally
 Creating valuable international contracts between government, industry and science.
The OES Executive Committee (ExCo) is continuing to develop a suite of information
dissemination tools that will assist the OES in becoming a leading international authority on
ocean energy. Ocean energy is an emerging technology area that will benefit from the existence
of the international collaboration mechanism offered under the Implementing Agreement
contract.
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OES Annex V: The Exchange and Assessment of Ocean Energy
Device Project Information and Experience
Introduction and Scope
The OES Annex V will facilitate the exchange and assessment of ocean energy project
information and experience from participating member countries to foster a better
understanding and accelerate the development of ocean energy technologies. At this nascent
stage of ocean energy development, there are many different configurations for marine energy
converters and each has advantages and disadvantages. In addition, there are many competing
approaches for modeling and testing these devices individually, or in arrays, at subscale and at
full size. Furthermore, there are no generally accepted methodologies for design and cost
analysis of these ocean energy converters. The sharing of project data and computational
assessment methods will allow the participants to determine the most promising approaches for
analysis, design, testing, cost estimation, and operation of these devices based on the collective
experience of the group. This will facilitate an understanding of the current state of the ocean
energy industry worldwide, and will help manufacturers determine the expected performance
of a device, and ultimately, whether or not a particular device configuration has the potential to
achieve competitive cost of electricity (COE) as new systems evolve.
This new annex will be executed through three tasks:
Task I - Establish the structure and outcomes of the annex. Include a plan of actions and
milestones (POAM). This task began with meetings conducted on April 23,
2012, in Washington, D.C., USA, and on May 16, 2012 in Daejeon, South
Korea. The initial Task III Workshop took place on October 15 and 16, 2012, in
Dublin, Ireland prior to the LCOE bi-annual event.
Task II – Conduct data definition working group meetings to identify eligible projects,
data sets to be exchanged and required characteristics and formats for
information that will form the basis of the annex. Participants will establish
the required data to be presented for projects and to describe the empirical
and computational methods by which the data is obtained. In addition, this
task will include planning for the Task III presentation of projects. Task II will
last up to 18 months, will run concurrently with Task III over the last 6 to 18
months, and will include two or three meetings to refine the details of data
collection and application. The initial Task II working group will be delayed
until after the initial Task III Workshop, as the specificity of data
characteristics is not needed for the initial workshop subject matter. The
execution of Task II of the annex will be reviewed and potentially modified to
ensure efficiency of effort, i.e., reduced travel requirements.
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Task III – Conduct Exchange Workshops to present project information, experience, and
data to the participating members. Where feasible, workshop participants will
also integrate the resulting information into computational models to assess
system performance, reliability and costs, resource characterization, and
hydrodynamic interaction between the ocean resource and devices
individually and in arrays. Three or four workshops will be conducted over
approximately 36 months. It is anticipated that the workshop portion of the
annex could be extended depending on the level of interest and a continuing
need to share and collaborate.
This annex will compile as much usable data as possible to provide participating countries with a
consistent and measurable means for rapid optimization of ocean energy production.

Objectives and Expected Results
The overarching objective of the proposed annex is to accelerate the development and
deployment of ocean energy technology through a multi-country exchange of available ocean
project information and experience to allow the participants to understand the current state of
knowledge in the field, and to develop a consistent method of assessing the performance and
cost of ocean energy conversion systems. The primary focus of these efforts will be to develop
an assessment of the fundamental knowledge in the following four topical areas of direct
interest to the ocean energy community:
1.
2.
3.
4.

Methods for estimating and verifying the ocean energy resources and
characteristics, including instrumentation types and deployment methods to
capture resource data
Methods for modeling the interaction of ocean energy devices with the resource
and verifying the results
Methods for modeling and experimentally verifying energy capture, power
system efficiency, and the resulting loads including extreme loads, from the
interaction of the device and the resource
Methods for estimating and validating the cost and performance for ocean
energy device arrays, including component, subsystem, and the electrical cable
and supporting installation, operation, and maintenance, to enable assessment
of the total cost of electricity

The methodologies used for data selection, validation, and assessment will closely adhere to the
standards under development by Technical Committee TC 114 of the International
Electrotechnical Commission.
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Approach and Methodology
Clearly, the challenges of assessing this broad ocean energy knowledge base and the modeling
and testing capabilities for ocean energy conversion devices are significant. The success of this
effort relies on a thorough understanding of the resource characteristics, the fluid-device
interaction, and the mechanical conversion of the captured energy to electricity. These
challenges are certainly difficult for the device designer, but are many times more difficult for
government agencies and potential private investors, as they attempt to compare and contrast
one device to another, both to project the role that ocean energy may assume in their portfolios
and to choose from among the designs for the best alternative for a particular site. The products
of this annex will provide a basis for selection and investment in the most promising
technologies and device designs.
After an initial Task I planning meeting, the approach for this annex will be to separate the work
into two major tasks. During Tasks II and III, all required resource and device performance data
will be defined and methods for data capture will be detailed. The data that is compiled and
applied will be selected with the primary objective of providing insight into inputs and outputs
of the full range of devices and their ability to achieve competitive cost of electricity (COE)
production. Task II will address the development of a contracting approach that ensures the
sharing of performance data for all publicly funded projects among participating countries
(without direct public release of project-specific information). Specific contractual language that
ensures wide dissemination of device performance data will be jointly developed as a means of
ensuring that future government programs in the participating countries provide essential
information to foster the acceleration of promising technologies, and, conversely, the early
recognition and abandonment of inferior projects. This task will establish a common
understanding of data requirements among the participating countries to ensure that data will
be presented and compiled in a manner that can be understood and used to establish the
current state of ocean energy conversion capabilities.
Task III will be devoted to collecting and reviewing specific project results, experience, and data
from individual projects sponsored by the participating countries. The Task III review workshops
will facilitate the presentation of publically funded project information including: designs
methods, modeling methods and results, experimental designs and testing results, specific
costing studies, and environmental studies and experiments. Generally, any publically funded
ocean energy project should be considered for presentation at one of the workshops. The
resulting information will be included in the assessment of the knowledge base for ocean
energy. Each workshop will be documented by a report that contains the workshop
presentations, a summary of the discussions, and any resulting conclusions. These reports will
be made available to annex participants, but these working documents will not be released to
the public or any non-participants. The compilation of data, excepting proprietary data excluded
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by the developer of the subject devices, will be made available to participating developers. This
will include nonproprietary design methods and techniques.
An appropriate project for presentation in a Task III workshop could cover a wide spectrum of
funded activities for advancing the development of ocean energy devices. These may include:
•

Development of a specific device or family of devices, including design methods and
techniques, testing procedures, instrumentation to measure resource inflow and
outflow, performance measurement methods, and data obtained to assess test
conditions, environmental impact, and device performance.
• Testing procedures and processes, including: site-specific resource conditions and
bathymetric metric consideration; development of test facilities; facility installation and
operation experiences; test device experiences and data; and environmental impacts,
regulatory considerations, and permitting requirements.
• Development of design tools, including code development and benchmarking.
The establishment of computational models to assess the performance of ocean energy
devices and to identify device design parameters that derive the overall performance
and efficiency of devices. These models may focus on specific components or
subsystems of an ocean energy device or apply to the overall performance of a device.
Time will be allotted at the exchange workshops to discuss the results and place them in
perspective.
Specific project proprietary information and data will be protected from public disclosure
through nondisclosure agreements, but the general conclusions derived from the data would
be used to develop knowledge assessments for a final report, and some of these general results
may be released in the public domain. Some data developed under the annex may be held for
exclusive use by the participating countries.

Operating Agent, Working Groups, and Participants
The United States Department of Energy (DOE) is the Operating Agent for OES Annex V and will
chair the program working closely with the other participants. Some participants will be asked to
chair one of the project workshops, depending on interest and expertise. It is expected that the
working groups will include participation of such organizations as the International
Electrotechnical Commission (IEC) Marine Energy Technical Committee, TC 114, as well as other
classification societies, standards groups, and protocol developers, such as Equimar. Each
working group will plan and develop a specific work program for their topical area that results in
a final report to be published in the public domain. The reports will summarize the data
presented and will include recommendations made for evolving the methods to assess data and
develop performance results. This annex is nominally planned for four working groups, with the
exact number to be determined by the number of projects deemed appropriate and meaningful
to the annex objectives.
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Specific Responsibilities of the Operating Agent and Participants
In addition to carrying out the specific responsibilities enumerated in this annex, the operating
agent will arrange meetings (generally teleconferences or videoconferences); facilitate the
sharing of tasks among participants; and distribute (generally electronically) interim reports,
workshop proceedings, and the final reports. Workshop chairs will lead one of the four
workshops for the annex and perform functions similar to those of the operating agent for their
workshop. Participants are required to contribute a minimum of one project presentation for
the Task III Technical Exchange Workshops. In addition, participants will assist in identifying
existing synthesis documents, crucial information gaps, existing and proposed monitoring
methodologies and case studies, and will refine and finalize the draft reports and other interim
results. These types of activities are part of each participant’s in-kind contribution.

The Overall Schedule and Deliverables
OES Annex V is planned for a period of four years as shown in the schedule below. However,
the annex could be extended with the approval of the executive committee. It is anticipated that
the annex will prove to be viable and instrumental in progressing the adoption of marine energy
as an alternative energy source for many years. Publications resulting from this effort will be
distributed by the OES Operating Agent to the extent practicable; however, some results may be
limited in distribution to the participating members and their funded constituents.
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Activity

2011

2012

Q4

Q1

2013
Q2

Q3

Q4

Q1

2014
Q2

Q3

Q4

Q1

2015
Q2

Q3

Q4

Q1

Q2

Q3

Q4

Task I
Develop Annex
POAM

PAM

PAM

Task II
WG

Data Definition
Working Groups

WG

WG

WS

Task III
Project
Workshops
Deliverables

•
•
•

Updated Plans to
ExCo
Workshop
Reports
Final Report

WS

WS

WS

PL

PL

PL

WR

WR

PL
WR

WR
FR

Table A –Annex Schedule
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As the operating agent, the United States is underwriting the costs associated with managing and
leading the annex. It is expected that the participant costs to execute this annex work effort will be
limited to the in-kind contributions of the topical working group chairs, presenters, and participants. In
addition, the time for individual researchers to prepare for and participate in the workshops and
working group meetings is substantial and will be paid for by the participant’s home organization. It is
hoped that leadership and coordination of the workshops for Task III will be led by different member
countries according to their interests with that cost borne by the leading country.
It should be noted that the benefits to the participants are significant. The Exchange Workshop will
present results from numerous projects that probably have values ranging from a few hundred
thousand dollars to a few million or more each. Thus each participant would be gaining access to the
results of many millions of dollars in research results at relatively little cost.
Details for the inaugural workshop are provided in the next section; The Ocean Energy System
Workshop on Open Water Test Sites: Inaugural Workshop under OES Annex V.

The Ocean Energy System Workshop I: Ocean Energy Device Project
Information and Experience
Background
The purpose of the inaugural workshop is to exchange information and experience on open-water
testing and site development and operation. Generally, open-water testing is a comprehensive
technology demonstration and qualification of the device in all operating conditions, including survival
conditions. Open-water testing can serve as a final research test to verify the performance, loads, and
operation of a device design prior to finalizing the design. Often, open-water testing of a full-scale or
near full-scale device can be the final engineering development step prior to larger-scale deployment of
the first serial production units for commercial operation.
Open-water testing facilitates certification of the device to demonstrate the function of every
component and subsystem and that the overall system meets required functional and economic
requirements in a real open-water operating environment. Open-water testing verifies the following:
• Power production performance
• Structural and design integrity
• Mooring integrity
• Noise emissions
• Power system function and control
• Installation and removal
• Grid connection and integration
• Operating maintenance
• Environmental compatibility
• Identification and labeling
Additional research-oriented objectives of open-water testing may include:
• Tuning the device to improve performance
• Operations and maintenance validation and improvement
• Deployment and recovery process validation and improvement
• Component maintenance cycle requirements and lifetime estimates
• Corrosion and bio-fouling rates and maintenance requirements
• Environmental and ecological impact monitoring and mitigation development
As has been demonstrated in the wind industry, investors are unwilling to invest in a technology without
the near full-scale demonstration and certifications that open-water testing provides. In short, the
objective of open-water testing is to validate the design, integrity, and performance of the full
generating system under all expected operating conditions to prove viability in a realistic open-water
environment.

Goal of the Workshop
Worldwide there are number of national marine energy device open- water test sites currently in
operation, in construction, or being planned for development. In addition, there are a number of ocean
energy device manufacturers that have tested their devices at multiple open-water sites and in varying
environments. The goal of this workshop is to bring together these parties to exchange information and

experience on all aspects of planning, development, operation and usage of open-water test facilities to
improve these capabilities for the mutual benefit of the entire ocean energy industry.

Workshop Topics
This workshop seeks to bring together the foremost engineers, scientists, and technical specialists that
are developing, operating, and testing devices at open-water testing facilities. The workshop includes
presentations on the most promising approaches for development and operation of water testing
facilities, as well as presentations from device developers that have taken experimental measurements
at open water sites.

EXPECTED OUTCOMES
The primary goal of the meeting is to gather existing knowledge and document the current state-of-theart in developing and operating ocean energy testing facilities. A secondary goal is to identify
outstanding research concerns associated with current practices in operating testing facilities and make
recommendations on future research and development to improve on current practices. Based on the
knowledge gathered in the workshop, a workshop report will be compiled and released through the
OES. The report will:
•
•
•
•
•

Document presentations by participants
Record the major discussion points covered by the participants
Document the questions and answers
Record participant feedback on how to improve future Annex V Workshops
Document ideas on how the OES could work to improve testing of ocean energy devices
and accelerate commercialization of the technology.
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Agenda
Annex V – Ocean Energy Device Project Information and Experience
Workshop I – Open-Water Testing
Location: The Gresham Hotel, 23 Upper O’Connell Street, Dublin 1, Ireland
Parnell and O’Casey Room
Day 1 – October 15, 12:30 PM to 6:00 PM

Time

Subject of Presentation

Planned Speaker/Moderator

1:00

Welcome and Introductions

John Huckerby, OES Chair;
Mike Reed, US DOE;
Roger Bagbey, Operating Agent

12:30

Lunch is Available

Session 1: Operational Facilities
1:30
2:15
3:00
3:45
4:30
5:15

Northwest National Marine
Renewable Energy Center, US
Galway Bay Wave Energy Test
Site – SEAI, IE
Aguçadoura Wave Farm, PT
Wave Hub Research and Test
Facilities, UK
The European Marine Energy
Center, UK
Discussion

17

Belinda Batten, Director
Hannes Mac Nulty, Programme
Manager
Ana Brito e Melo, Executive
Director, Wave Energy Center
Claire Gibson, Wave Hub
General Manager
Claire Gibson, standing in for
EMEC
Bob Thresher

Annex V – Ocean Energy Device Project Information and Experience
Workshop I – Open-Water Testing
Location: The Gresham Hotel, 23 Upper O’Connell Street, Dublin 1, Ireland
Parnell and O’Casey Room
Time
8:30

Day 2 – October 16, 8:30 AM to 5:00 PM
Subject of Presentation
Planned Speaker/Moderator
Continental Breakfast

9:00

Welcome Back

Roger Bagbey

Session 2: Planned or Under Development Facilities
9:10
9:40
10:10
10:40
11:10
11:40

The Biscay Marine Energy
Platform (bimep) - ES
Ocean Plug, PT
Fundy Ocean Research Center
for Energy (FORCE), CA
DanWEC Wave Energy Test Site,
DK
Wave Energy Test Site (WETS),
US
Discussion

Yago Torre-Enciso, Project
Manager
Ana Brito e Melo, Executive
Director, Wave Energy Center
Elisa Obermann, Atlantic
Director of OREG
Kim Nielsen, Wave Energy
Consultant
Mike Resner, representing US
Naval Facilities Command
Bob Thresher

12:30

Lunch Presentation:
Tidal Testing Centre
(Netherlands)
Session 3: Device Developers

Peter Scheijgrond
Infrastructure Manager

1:00

WaveStar, DK

1:30

OWC Pilot Plant, PT

2:00

Verdant Power, US

Jens Peter Kofoed, Professor,
Aalborg University
Ana Brito e Melo, Executive
Director, Wave Energy Center
Ron Smith, President

2:30

OpenHydro, IE

Simon Cawthorne, R&D Director

3:00

ORPC, US

3:30

Discussion

Jarlath McEntee, VP of
Engineering and CTO
Bob Thresher

4:30

Recap and Findings

Roger Bagbey
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Workshop Summary
Workshop Participation by the OES Annex V Membership
At the inaugural workshop, 11 of the 15 Annex V member countries participated either as presenters or
observers. In addition, Japan, China, and Mexico have recently confirmed that they will be joining Annex
V. Finally, a representative from the Netherlands participated in the workshop as an observer, but was
invited to give a luncheon presentation on the status of a tidal test facility that is currently testing
intermediate-scale devices.

Participation by Annex V Members
Country

Participation
in Annex V

Point of Contact

Belgium

Affirmed

Canada

Workshop I Attendance
Observer

Speaker

Mathias Damen

2

0

Affirmed

Tracey Kutney

0

1

China

Affirmed

Xia Dengwen

3

0

Denmark

Affirmed

Kim Nielsen

0

2

Germany

Affirmed

Jochen Bard

1

0

Ireland

Affirmed

Eoin Sweeney

4

2

Japan

Affirmed

Yasuyuki Ikegama

0

0

Mexico

Affirmed

Rosalba Cruz

1

0

Norway

Affirmed

Tore Gull

0

0

New Zealand

Affirmed

John Huckerby

0

0

Portugal

Affirmed

Ana Brito e Melo

0

1

Republic of Korea

Affirmed

Keyyong Hong

0

0

Spain

Affirmed

José-Luis Villaté

2

1

United Kingdom

Affirmed

Henry Jeffrey

0

1

United States

Affirmed

Bob Thresher

7

6

Australia

Undetermined John Wright

Italy

Undetermined Gerardo Montanino

Sweden

Undetermined Maya Wänström
TOTALS 20

22
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Attendance and Participation in the Workshop
The workshop was well attended by a total of 36 participants from 12 different countries, including one
participant from the Netherlands that has not yet joined the Ocean Energy Systems Agreement. Over
the day and a half workshop, there were 16 open water testing presentations given by the participants.
Three counties had multiple presentations and two counties reported on more than one open-water
test site. The categories of open-water test facilities presented at the meeting were as follows:
4. Operating test centers – 6 presentations from 5 countries
5. Test centers under development – 5 presentations from 5 countries
6. Test centers run by developers– 5 presentations from 4 countries

Summary of Workshop Discussion Sessions
Session 1: Operational Facilities
The discussion in Session 1 centered on the role of the testing centers and how results should be
interpreted. Some questions discussed, but not resolved included the following:
1. Should test centers endeavor to be government funded facilities that serve the public good, or
should they be commercial testing centers that provide a service to the industry for a fee?
Almost all test centers are now striving to fund themselves on fees for testing services, but the
key question was whether or not this is the best approach for the development of the MHK
industry.
2. What services should they provide?
3. Should the testing requirements for devices be established by IEC TC 114?
4. What basic or applied research should the testing facility engage in?
5. What level of testing support should a testing center provide to the device developer?
6. What data should be provided by the test centers for their customers? For example, they should
know the wave climate at their site and be able to best predict weather windows.
7. What does it mean to have a device tested at a test center? Should the test center provide some
kind of certification for testing, and would that make a better business case? Also, what would
be the legal implications of such a certificate?
8. How will the testing data and results be interpreted and who should do this?
9. Should interpretation of test data and results be established by IEC TC 114?
Session 2: Planned or Facilities under Development
The questions and discussion in Session 2 focused on the challenges faced during development and
permitting of these new facilities. The following issues were discussed and resulted in the following
conclusions:
1. The importance of stakeholder outreach to the permitting agency and to the local communities
near the facility.
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2. All facilities under development faced permitting challenges and were required to do some type
of monitoring after the installation of test articles.
3. All facilities under development attempted to obtain broad environmental permits to enable
testing of many types and configurations of devices. However, some post installation approval
and monitoring for different device configuration will generally be required.
4. Safety standards were a primary consideration for personnel, the environment, for navigation,
and the public.
5. Berth agreements were desirable, and often required a test readiness, technology readiness,
and mooring integrity review.
6. The level of service to be provided varied. However, basic services such as the berth, basic ocean
data, grid hookup, and revenue from power production were provided to the customer.
Additional services beyond those basic services would need to be purchased.
7. For each test facility, the number of berths, power capacity, water depth, and wave resource
varied widely.
8. A major question was whether there would be sufficient demand to support the 5 test centers
in operation, and 5 more planned around the world. In other words, will the market be large
enough to support 10 test centers?
Session 3: Device Developers Testing Facilities and Practices
The questions and discussion in the third session focused on how the testing facilities fit into the each
developer’s strategy for evolution of their technology. The discussion generally concluded that the
developers had the following test center capabilities preferences:
1. Placing less emphasis on testing at subscale to perfect the concept, and much more emphasis on
evolving the concept to a larger scale as quickly as possible.
2. Doing design modifications and continuing to testing at a full scale at the open-ocean test site.
3. Conducting extended testing and development campaigns over several years rather than
shorter-term testing campaigns of several months to a year. Extended test campaigns provide
developers with operational and maintenance experience, environmental impact effects, and
infrequent storm data and experience at full scale.
4. Focusing environmental monitoring on questions and issues raised by regulators. Regulators
required developers to perform extensive environmental monitoring at the beginning of their
testing programs, but as experience and data were gained over time showing little or no impact,
requirements were somewhat relaxed.
5. Tailoring site support to focus on site specific issues such as: wave and weather analysis, local
support, and other local site issues.
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Conclusions
During these discussion sessions, a primary workshop theme emerged that focused on developing a
business model for test centers that would most effectively accelerate the development and
commercialization of the industry. Participants discussed whether the test centers should be publically
funded facilities that serve the public good, or if they should be commercial fee-based test centers that
serve industry customers, or a hybrid business model that provides a set of specific publicly funded tests
as well as fee-based service testing for customers. While the group did not reach a consensus, it seemed
that the hybrid business model would fit the current needs of the industry and public agencies best.
A second theme that emerged during the workshop was the clear preference of device developers to
perform R&D testing in open waters at near full scale to validate stepwise device improvements and
environmental effects over extended periods of time. In contrast, the test center operators were
envisioning shorter-term testing campaigns, where device developers would bring in a device and test at
a berth for periods of 6 months to a year. In addition, developers would like for the test centers to be
able to provide a full spectrum of services. These services might include: site sea characterization to
support logistics, deployment, and maintenance; test device measurement and instrumentation
support; and test data analysis. From the discussion, it appeared that not all of these capabilities were
being planned at this time, but they could be developed with time and adequate funding.
The third theme that emerged was whether or not the test centers should provide some type of
certificate attesting to the type and duration of testing accomplished during the open-water testing of a
device. However, participants could not fully address what organization should specify the requirements
for such a certificate. Although certification seemed to fall within the scope of the International
Eletrotechnical Commission’s Technical Committee 114 on marine energy (IEC TC-114), it was unclear
whether this is within the current scope of that technical committee. This may be a topic of
international interest for development of a recommended practice, which would help define the role of
and the scope of services provided by open-water testing facilities worldwide. Recommended practices
would also help to develop a set of standard tests for all wave tidal energy devices.
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Attendee Recommendations for Future Workshops
Number of
Recommendations

Description of Future Workshop

3

Explore approaches for the industry to share lessons learned and data without
sacrificing intellectual property.
Hold a workshop on lessons learned in technology development for device
developers and identify important R&D needs and best practices.
Hold a workshop on computational models developed by industry, government
researchers, and academics with methods for validation.
Hold a follow-up workshop on the role for test facilities and on what the
industry really needs for testing support, instrumentation, and data analysis.
Hold a workshop to explore approaches for combining computational models,
laboratory experiments, and open-water testing iteratively to improve concepts.
Hold a workshop on the application of the IEC standards for performance testing
that allows developer feedback on the role of certification and test results
reporting.
Hold a joint workshop between regulators and developers on what they have
learned about environmental effects from testing devices to date.
Hold a joint workshop with Annex IV on the role of testing facilities to perform
combined performance and environmental tests.
Hold a workshop to explore whether the future of ocean energy devices is
floating or seabed based.
Hold a workshop on marine infrastructure and on lifting, moving, and deploying
large devices.
Hold a workshop just for test facility operators to dialog and work on best
practices.

3
3
3
2
2
1
1
1
1
1
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Appendix 1
WORKSHOP EVALUATION QUESTIONNAIRE
INSTRUCTIONS:
Please circle your response to the items. Rate aspects of the workshop on a 1 to 5
scale:
1 = "Strongly disagree," or the lowest, most negative impression
3 = "Neither agree nor disagree," or an adequate impression
5 = "strongly agree," or the highest, most positive impression
Choose N/A if the item is not appropriate or not applicable to this workshop. Your
feedback is sincerely appreciated.
-------------------------------------------------------------------------------------WORKSHOP CONTENT (Circle your response to each item.)
1. The objectives of this workshop were clear to me.

1 2 3 4 5 N/A

2. The content of the workshop was relevant to my work.

1 2 3 4 5 N/A

WORKSHOP DESIGN (Circle your response to each item.)
3. The topical coverage of the workshop was about right.

1 2 3

4 5 N/A

4. The discussion sessions added useful information.

1 2 3 4 5 N/A

5. The amount of time spent on presentations versus
discussion was about right.

1 2 3 4 5

6. The pace of this workshop was appropriate.

1 2 3 4 5 N/A

N/A

WORKSHOP LOGISTICS AND FACILITATION (Circle your response to each item.)
7. The workshop logistics and facilities were suitable.

1 2 3 4 5 N/A

8. The facilitation of the workshop was helpful and appropriate. 1 2

3 4 5 N/A

9. The workshop length and scope was about right.

1 2 3 4 5 N/A

10. What I learned in the workshop was valuable and useful.

1 2 3 4 5 N/A

What topics would you suggest for future Annex V Workshops?
How would you suggest improving future Annex V Workshops?
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Appendix 2
Test Facility Operator Presentations
Operators and developers of facilities are to present the following types of information:
1. A description of the test site being presented including: the location, bottom topography,
wave and tidal climate with appropriate statistics and spectra, site access probabilities,
and other physical oceanographic characteristics
2. The electrical infrastructure available or planned including: the electrical system with
voltages and current capacities, cable route, transformers, disconnects (wet or dry),
safety systems, and system cost where available
3. The ocean support infrastructure including: port distance, work area availability, vessel
availability and costs, repair and maintenance capabilities
4. Installation and decommissioning technical support including; anchoring and mooring
design, installation and removal
5. Testing support available or planned which could include: engineering and technician
support, test planning, instrumentation, data acquisition (cable or telemetry), sensors,
instrumentation technical support
6. Does your facility provide data analysis support and third party test results verification
and reporting? and site licensing and permitting, including device type applicability
7. How are extreme events captured at the site and for a specific test device
8. Does your test facility qualify potential users to insure the integrity and survivability of
test articles at the site prior to testing, if so how is this done?
9. New site characterization methods, or mapping methods, or unique problem solving
approaches used in developing the site
10. Other topics of interest to the participants.

Device Developer Experience Presentations

Device developers are to present the following kind of information relating to their experiences
in open water testing:
1. A description of the ocean energy converter including: type of converter, size, power,
and basic dimensions, as well as a description of the devices basic operating modes,
control means, and survival actions
2. A general description of the design operating environment needed for nominal power
performance and good economic output. For example, what wave and tidal climate
statistics and spectra is the device designed for.
3. Where did you test and what facility requirements were absolutely essential for you to
accomplish your test objectives: wave or tidal resource, facility infrastructure, data
acquisition support, grid connection and power level, other?
4. What ocean support infrastructure do you need including: distance to port, covered work
area, lay-down area, and support vessel availability, repair and maintenance support?
5. What installation and decommissioning technical support is needed including; anchoring
and mooring design, device installation and removal support
6. What test support or test planning is needed including: engineering and technician
support, test planning, instrumentation, data acquisition, sensors, instrumentation
technical support?
7. Did you need data analysis support or third party independent test results verification
and reporting
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8. What plans were made to handle extreme events that might disable your device and
necessitate a rapid removal, or recovery of a lost or sunken device?
9. Were unexpected and unplanned events encountered during the testing that you feel
should be identified as lessons learned, that you would recommend accounting for in
future tests programs
10. Other topics of interest to the participants.
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Appendix 3
The Ocean Energy System Workshop on Open Water Test Sites:
Inaugural Workshop under Ocean Energy Systems (OES) Annex V
Presentation Content Guidelines
The following list provides discussion topics for guidance in preparing Workshop presentations. Please
include other important information as thought important for your site or device testing. Your
presentation will be included as part of the final Workshop report.
Test Site Developers and Operators
1. Test Center Capabilities and Specifications
a. Site host address and contact details
i. Name of the test site
ii. Contact details
iii. E-mail
iv. Web page
b. Site location & infrastructure - A short description of the site, offices, permits,
including a map indicating the site, the size of the area and the co-ordinates of
the location.
i. Distance to large town
ii. Distance to nearest airport
iii. Distance from nearest service port to site
iv. Distance from nearest access harbour to site
v. Distance from site to shore
vi. Restrictions, availability & conditions if any
vii. Resource Specifics
c. Water depth and seabed conditions
i. Water depths at site
ii. The seabed material
d. Ongoing projects and previous project/systems tested
e. Equipment available at site
i. Wave measurements
ii. Wind
iii. Water level
iv. Current measurements
v. Water/air Temperature
vi. Other
f. Facilities available - Vessels, Cranes, Engineering, Industry
g. Is it possible to connect the device to the grid?
i. At shore
ii. Off/shore (at what depth)
iii. Connection voltage and power level
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2. Resource Description - Please provide the following information to get an
understanding of the wave and tidal conditions at the site (as appropriate)
a. Design Wave data
i.
The design wave conditions, including return period and the direction
from where the (design) wave is coming.
b. Design Wind data
i.
The maximum wind speed (and most likely direction) with the same
return period as the waves
c. Design Current data
d. Design water level variation
e. High and low water extreme levels should be indicated. If
Is there a correlation with wave and current conditions?
f. Scatter diagram (wave power resource) - The wave power resource at the site
based on statistical information indicating i.e. how many hours per year
different sea states prevail in terms of:
i.
Hs - Significant wave height [meter] and Te – Energy
ii.
Period or Tz – Average Period [seconds].
iii.
The height and the period intervals (bins) will depend on the site.
g. Current flow diagram (current power resource)
i.
The tidal flow resource in a table showing the duration of different
flow velocities.
ii.
The division of flow velocity intervals would depend on the site.
h. Other information - Can additional information be obtained such as:
i.
Typical wave spectra
ii.
Directional spectra
iii.
Tidal current profiles and turbulence
3. Lessons Learned / Advice to Others –
a. Site choice
b. Business model description – is it possible to have a financially self- sustaining
facility?
c. What is the demand for site? Is there a wait list?
d. What would you do differently next time?
e. How successful was your public outreach approach during development?
f. Permitting lessons learned?
g. Is the test site pre-permitted? What permitting requirements remain for
developers who wish to deploy at the site?
h. Are developers responsible for providing instrumentation/measurement
systems?
i. What capabilities exist for resource prediction/measurement? (ex: for wave
sites, can each wave be predicted or measured in advance of arrival to allow
for advanced control systems to optimize device performance?
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Device Developers
1. Description of energy conversion system
a. Device type
b. Dimensions
c. Average annual energy delivered in design resource
2. Test facility requirements
a. Did you test at established test centers or develop your own site?
b. Depth
c. Resource
d. Infrastructure needed
3. Description of test program
4. Lessons Learned / Recommendations
a. What gaps exist in the presently available testing infrastructure?
b. Recommendations to test facilities for future needs
c. Advice to developers seeking to deploy
i. Selecting a test site
ii. Measurements and instrumentation
− Did you capture all necessary data?
− Did test data correlate well with predicted performance?
iii. Installation
iv. Operations and maintenance
v. Any surprises?
d. Is interaction between devices well understood for deployment of arrays?
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Appendix 4
The Operating Agent and Organizers of the Workshop
For additional information you may contact either of the following workshop organizers:
Roger Bagbey, Operating Agent
Cardinal Engineering
735 8th Street SE, Suite 200
Washington, DC 20003
rbagbey@cardinalengineeringllc.com
(202) 506-3962
Bob Thresher
NREL Research Fellow
National Renewable Energy Laboratory
15013 Denver West Parkway
Golden CO 80401-3393
Robert.Thresher@nrel.gov
303-384-6922

33

Appendix 5

Presentations
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IEA‐OES Annex V, Workshop I
Ocean Energy Device Project
Information and Experience:
Open Water Testing
Michael Reed, DOE Water Team Lead and Chief
Scientist
Roger Bagbey, Cardinal Engineering
October 15, 2012

Welcome to OES Annex V
Exchange and Assess Ocean Energy
Annex V Purpose: Accelerate the use of marine renewable
Information
energy as an clean generator of electricity
• Share information globally to speed the understanding of
technical and economic challenges and solutions.
• Identify pathways to ensure maximum leverage for
government funded projects
• Collaborate on design methods and techniques to create a
global market.
• Provide a basis for project decision‐making:
– Early elimination of inferior technologies
– Focus on high payoff approaches that lead to near‐term cost‐
competitive solutions

Workshop I – Open Water Testing
Information on existing and planned facilities:
• Test facility capabilities and specifications
• Water energy resource characteristics
• Experiences and lessons learned
Experiences of device developers
• Device specifics
• Test details
• Experiences and lessons learned
• Ideas of facility needs
Apply early test experiences to forthcoming projects to
reduce the time to market of marine energy generation

Welcome and Introductions
Attendees
• Test Facility Operators and Planners
• Device developers
• Supply chain manufacturers
• Funding agencies
• Trade Associations
• Business leaders and developers
• Researchers

Workshop Structure and Approach
• Sessions:
– Existing Test Facilities
– Planned or under‐development test facilities
– Devices having undergone open water testing

• Open dialogue is encouraged throughout, with attention to
schedule
• Discussion slots at the end of each session
• Documentation of key questions and discussion to become
part of the record of the workshop
• Final discussion of key takeaways and outcome
– Including a discussion of the focus for upcoming workshops

Thank you for your
participation!
U.S. Department of Energy
Water Power Team
water.energy.gov

Mike Reed, U.S. DOE
MHK Team Lead/Chief Scientist
michael.reed@ee.doe.gov
1‐202‐586‐2725
Roger Bagbey, Cardinal Engineering
rbagbey@cardinalengineeringllc.com
1‐443‐345‐2782

Northwest National Marine Renewable
Energy Center
Belinda Batten
Director
Presentation to Annex V
15 October 2012

Outline
 Test Center: Capability and Specifications
 Resource at Site
 Lessons Learned

NNMREC Mission and Objectives
NNMREC’s mission is to facilitate the development of marine
energy technology, inform regulatory and policy decisions,
and to close key gaps in scientific understanding with a focus
on student growth and development.
NNMREC’s Project Objectives:

 Develop facilities to serve as integrated test Center for wave &
tidal energy developers






Evaluate potential environmental and ecosystem impacts
Optimize devices and arrays
Improve forecasting
Increase reliability and survivability

NNMREC Address and Contact
Sean Moran, NNMREC Ocean Test Facilities Manager
350 Batcheller Hall
Corvallis, OR 97331
+1‐541‐737‐5315
sean.moran@oregonstate.edu
Belinda Batten, NNMREC Director
350 Batcheller Hall
Corvallis, OR 97331
+1‐541‐737‐9492
belinda.batten@oregonstate.edu
nnmrec.oregonstate.edu

Newport, OR

Newport Open Ocean Test Site
 Permitted Open‐Ocean Test Site (Device requires US Army
Corps permit)
 Available Year round
 2 devices can test concurrently
 Testing Scenarios:
 Self‐contained testing
 Connected to ship
 Connected to Ocean Sentinel
tio
n

Wave Measuring
Instrument

To

sh
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re

sta

WEC Under Test

10
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Load
banks
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Telemetry
Power
Conversion
Cable via
J-tube to front
compartment

tic

6m NOMAD
Buoy

Ocean Sentinel MOTB
 Based on 6m NOMAD design,
manufactured by AXYS
Technologies
 Initial average power rating
100kw average
 Load bank: power processing &
dissipation
 Data transmission via umbilical
& wireless telemetry

Ocean Sentinel MOTB

Site Vital Statistics
 45 – 55 m deep
 Sandy bottom
 TRIAXYS Buoy & Ocean Sentinel:
 Wave and current measurements
 Wind
 Air & Water Temperature

 NNMREC can provide environmental
testing (acoustics, EMF) & data
analysis
 Wave prediction but not on scale for
active control

Location and Services
 NW corner: 44.68, ‐124.14; SE: 44.68, ‐







124.12
Deployment & Maintenance Ports:
Newport
(http://www.portofnewport.com/) 8NM or
Toledo (http://www.portoftoledo.org/),
20NM
Access Harbors: 221 NM from Portland via
Barge or 94 NM from Coos Bay via barge
52 miles driving distance from Corvallis
144 miles driving distance from PDX
84 miles driving distance from EUG

PDX

Newport
OSU
EUG

Coos Bay

Newport Open Ocean Test Site
 Vessels Available Locally:
 Tugs
 OSU Research Vessels
 Fishing Vessels

 Services Available Locally:
 Engineering Design (e.g. SAIC, Sound





and Sea)
Manufacturing (e.g., Oregon Iron
Works, American Bridge)
Engineering Operations (e.g., Vigor,
Englund Marine, Saus Brothers)
Environmental Studies (e.g. OSU, SAIC)
Permitting (e.g., E&E, ICF)

NOAA Buoys for Wave Data
Station
I.D.

Latitude

Longitude

Depth

(deg.)

(m)

Distance
Off
(km)

Avg. Power

(deg.)

46050

44.641

-124.5

123

35

35

(kW/m)

Wave Resource Samples

P. Lenee‐Bluhm, R. Paasch, and H. T. Ozkan‐Haller, "Characterizing the wave
energy resource of the US Pacific Northwest,” Renewable Energy, 38(2011) p.
2106 ‐ 2119, doi:10.1016/j.renene.2011.01.016.

Resource Prediction: Wave Forecasting
• Only wind forecasts used
to predict wave conditions
• Daily 84‐hour forecasts for
OR coast now coming
online: NANOOS web
page,
http://www.nanoos.org/n
vs/nvs.php?section=NVS‐
Assets

Lessons Learned
 Site choice: work with community
 Financial model sustainability: currently unknown
 Demand: seems to be there
 Do differently: more money!
 Public outreach: essential for success
 Permitting lessons learned: plan for more money and time

Thank you

Belinda Batten, NNMREC Director, 541.737.9492, belinda.batten@oregonstate.edu

Galway Bay ¼ Scale Wave
Energy Test Site

Hannes Mac Nulty
Ocean Energy Development Unit (OEDU)

Presentation Overview

• Ireland’s Wave Energy Resource
• The OEDU and the Ocean Energy Strategy
• Galway Bay Test Site
• SmartBay Project

World Wave Energy Resource

Irish & UK Wave Energy Resource

70+
60 - 70
50 - 60
40 - 50
30 - 40

Ireland’s Strategic Environmental
Assessment (SEA)

Ireland’s Offshore Renewable
Resource (Max. 100km offshore and max. 200m)

Total =
Ireland’s
energy demand
= only 5GW!

The Real Map Of Ireland

Ireland’s Ocean Energy Strategy
15 year plan of R&D, infrastructure
and industry support measures
Objectives
 Introduce Ocean Energy to the
Renewable Energy portfolio
 Develop an indigenous Ocean Energy
industry sector

 Mechanism for Delivery = OEDU

Programme Actions of OEDU to date
Undertake SEA & establish
new planning system
Establish test facilities
Enhance Research Infrastructure
Fund industry research, development and
demonstration
Support grid infrastructure development studies
Promote development of engineering and other
supply chain capabilities

2008

2010

2012

2015

2018

2020

Active OE Industry Support Scheme
Scope
• Develop and test wave and tidal energy devices & systems;
• R&D aimed at the integration of ocean energy into the electricity
market and the national electricity grid
• Independent monitoring of projects/technologies
• Data monitoring, forecasting, communications and control of OE
systems
• Specific industry-led research projects carried out by research
centres, third level institutions and centres of excellence

Status
• 32 company projects supported. Value - €15m. Grant
support €4.8m

OE Industry Research & Studies
Ports and Shipping
•
•

Assess requirements for marine renewables in Ireland
Review international trends in respect to vessel design etc

Economic Study
•
•

Examine the commercial outlook for the industry & challenges
Potential economic contribution of the industry

Offshore Wind Study
•
•

Detailed review of the offshore wind sector internationally
Potential for industrial development provided by the sector

Engineering & Supply Chain
•
•
•

Identify products and services required by Industry
Identify gaps in current and potential capability
Creation of online supply chain database

The Marine Energy Supply Chain
Supply Chain Areas:
• Design and Consenting
• Manufacturing
- Wind turbine
- Wave energy device
- Tidal energy device
- Associated plant
• Installation & Commissioning
• Operations and Maintenance
 New online Irish Supply Chain
database

OEDU Programme Actions
Undertake SEA & establish
new planning system
Establish test facilities
Enhance Research Infrastructure
Fund industry research, development and
demonstration
Support grid infrastructure development studies
Promote development of engineering and other
supply chain capabilities

2008

2010

2012

2015

2018

2020

Research Infrastructure and Test
Sites
Atlantic Marine Energy Test Site (AMETS)
Full‐scale grid‐connected

Strangford
QUB Tidal Test
facility

Galway Bay ¼ scale Wave
Energy Test Site & SmartBay

OE Test tank facility
Irish Maritime and Energy Research
Cluster (IMERC)

Development Protocol for OE Technologies
= IMERC

= Galway Bay

= AMETS

Galway Bay 1/4 Scale Wave Energy
Test Site

Galway Bay 1/4 Scale Wave Energy
Test Site
Overview:
• Scaled prototype test site + unique ¼ scale wave resource
• Pre-consented for typical WEC designs
• 37 ha test site area, 22m water depth
 Wave power = 2.5kW/m
Wave height = 0.8m

• Live wave, weather and current monitoring
• Powerbuoy with power import/export & Comms planned for
2013
• Cable connection in conjunction with SmartBay planned for
2013/14

Galway Bay 1/4 Scale Wave Energy
Test Site

Galway Bay 1/4 Scale Wave Energy
Test Site
Semi-enclosed nature = benign
conditions, local and fetchlimited wind seas, with some
swell waves

Good ¼ scale representation of
the exposed Atlantic Ocean
wave climate

Users can easily extrapolate
test results to predict the
performance of commercialscale devices in the open ocean

Test Site Research & Support Buoy

Galway Bay Cable Infrastructure

Proposed cable
design:
• 400V DC 3.5kW
• 1Gb/sec Ethernet

Galway Bay – Wave Height and Period

Galway Bay – Wave Height and Period

Galway Bay – Weather Windows
1.0m

1.5m

2.0m

1

% Access

0.9
0.8
0.7
0.6
0.5
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Galway Bay – Weather Windows
80

No of windows

70
60
50
40
30
20
10
0
At least 6 hours At least 12 hours At least 24 hours At least 48 hours
long
long
long
long

Galway Bay – Resource Analysis

Resource comparison:
¼ scale Galway vs. full scale AMETS
Froude scaling applied to Galway Bay data to convert to full scale in
order to compare to AMETS

Galway Bay – SmartBay

SmartBay - commercially
available technology
platforms against which new
Marine ICT and Energy
Technologies can be
validated.

Galway Bay – SmartBay

Galway Bay – SmartBay

Galway Bay – Acoustic Monitoring
Project

Galway Bay – Acoustic Monitoring
Project

Galway Bay – Acoustic Monitoring
Project

The Strategy for Renewable
Energy 2012 - 2020
Strategic Ocean Energy Goals
 Progressively more renewable electricity from
onshore and offshore wind power for the domestic
and export markets.
 Green growth through research and development of
renewable technologies including the preparation for
market of ocean technologies.
 An intelligent, robust and cost efficient energy
networks system.

Thank you

PORTUGAL
Open Water Test Sites

Ana Brito e Melo
CEO
WavEC

The Ocean Energy System Workshop on Open Water Test Sites
Inaugural Workshop under Ocean Energy Systems (OES) Annex V

15-16 October 2012, Dublin, Ireland

Workshop topics

• Session 1: Operational Facilities
• Session 2: Planned or Under Development
Facilities
• Session 3: Device Developers

Test sites in Portugal
Aguçadoura
(EDP with EFACEC)

Pilot zone (São Pedro de Muel)
(REN) | Governmental Initiative

Operational
facilities

OWC Pico plant
(WavEC)
Peniche
(Eneólica)

Aguçadoura ‐ Site location & infrastructure
Acquired in 2001 by Teamwork Technology in
order to test the AWS prototype.
Now property of EDP and Efacec
Composed by :
• Offshore area
• Subsea electrical cable
• Landstation

Distance from the coast: 5‐6 km
Water depth: 45 – 50 m

Planned
facilities

Previous and ongoing projects
2004

•
•

•

2008

2011 ‐ ..

AWS first prototype in the Atlantic Ocean
Pelamis: Aguçadoura was the first test site to host a wave farm ‐ the first
undertaking worldwide as a commercial order of wave energy devices: 8 M€
purchase of the three Pelamis P‐1A machines of 750 kW each by the
Portuguese project developer, Enersis
WindFloat: In October 2010, Principle Power signed a Turnkey Agreement
with WindPlus, a Joint Venture which includes: Principle Power, EDP, Repsol,
InovCapital, Vestas Wind Systems A/S, A. Silva Matos and Fundo de Apoio à
Inovação. Phase 1: 1 Vestas V80‐2.0MW turbine

Licencing process
2001| AWS protototype – very complex process which required
the approval of 5 Ministries
2006 | Pelamis wave farm – project license from IPTM (Port and
Maritime Transport Institute)
2008 | Change of national framework
2000‐ Water Framework Directive (WFD)
2005‐ Transposition of the WFD into national policy ‐
Water Law
2006‐ Approved: National Strategy for the Sea (2006‐
2016)
2008‐ Creation: River Basin District Administration
2009‐ Published: National Strategy for Integrated
Coastal Zone Management
Current new organizational model:
• National Water Authority ‐ INAG
• 5 River Basin District Administrations

Characterisation
41º28´13.74´´N
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8º51´46.74´´W

Landstation an electrical connection
The substation was installed in 2001
With an area of about 824 m2, the
substation comprises two buildings:
‐ control room
‐ power electronics and link to the
submarine cable
Transformer: 6/15 kV

landstation

Restrictions

• Landstation in National
Ecological Reserve (REN)
• Landstation in conformity with
Coastal Area Management
Plan(POOC)

Beach
Dunas

Sea bed conditions
Surface mapping of sedimentary
deposits :
• sandy
• the origin of these sedimentary
deposits relates to discharges of
rivers which flow into this
coastal area

Aguçadoura

Wave climate
Directional Waverider Buoys
www.hidrografico.pt

Aguçadoura
The wave climate is fairly well known
through long‐term measurements
being made by the Portuguese
Hydrographic Institute

35 kms

• Real time records:
significant wave height,
maximum wave height,
period and water surface
temperature .
• Select the station and
access to the latest
information available.

Wave climate
Significant wave heigh

Peak period

Shipyards
Aguçadoura

AWS
ENVC SHIPYARD
Assembly
Installation

AGUÇADOURA

• Built in Romania and assembled in ENVC SHIPYARD
• ENVC SHIPYARD is the major Portuguese Shipbuilder,
specialised in mechanical repair and tank coatings.

Pelamis
Installation

• The machines were built in Scotland; all components
were shipped in 2006 from Scotland to the Port of
Peniche where final assembly was done.
• EN Peniche Shipyard was chosen due to a set of
factors including costs of using the facilities, adequacy to
the works and proximity to the installation local.

AGUÇADOURA
Assembly

EN Peniche SHIPYARD

Fabrication, assembly and Installation
Installation

Fabrication
(A. Silva Matos)

Assembly
(Lisnave)

Transport vessel ‐ Windfloat
Installations operations performed by Bourbon Liberty 228 ‐ Anchor Handling
Tug Supply vessel (AHTS) from the BOURBON fleet:
• Towing an anchoring of the wind turbine on site
• Subsea installations and connections to the electrical system
Video of installation available at:
http://www.bourbon‐online.com/en/news/2011/12/bourbon‐strengthens‐
its‐positions‐in‐offshore‐wind‐by‐installing‐an‐innovative‐structure‐off‐
the‐coast‐of‐portugal

In Portugal there are no specialised
service vessels for the offshore
wave and wind sector, due to the
absence of a traditional oil and gas
industry.

Mooring and anchoring
• Four‐point chain mooring system
• Drag‐embedded anchors pre‐laid at
the installation site

Top‐down view of mooring
configuration

41º28´13.74´´N
41º28´7.86´´N
41º27´13.26´´N
41º27´2.10´´N

8º51´48.60´´W
8º50´12.42´´W
8º50’23.94’’W
8º51´46.74´´W

Electrical cable
•
•
•
•
•
•

Static cable ‐ already in place which
connects Aguçadoura landstation to the
offshore test site.
About 6 km in length and 89 mm diameter,
placed on the seabed (not buried); only
buried in the crossing dunes and beach.
Currently is partly covered because of the
natural movements of sediment.
Dynamic cable ‐ New section between the
platform and the existing cable on the
seabed ‐ 500 m long
Capacity: 3.85 MVA
Along the submarine cable, a band with
457 m (500 yards) wide centered on the
route of the cable: fishing, anchoring
vessels or extract sand not allowed.

Final remarks
Site host:
No specific website about Aguçadoura – however Windfloat project website
under creation, within the EU funded project DEMOWFLOAT

Contact details (WindFloat project):
• João Gonçalo Maciel (JoaoGoncalo.Maciel@edp.pt)
• Pedro Valverde (Pedro.Valverde@edp.pt)

Lesson learned: “it is very important to have scientific knowledge in
combination with knowledge and experience of the sea” (Fred Gardner,
AWS)

Topics

• Session 1: Operational Facilities
• Session 2: Planned or Under Development
Facilities
• Session 3: Device Developers

Portuguese Pilot Zone ‐ Aim
Located in the central
part of the country at a
distance of about 5 to 8
km from the coast of
Leiria district and has an
area of about 320 km2

•

To attract demonstration and
industrial development to
Portugal

•

To create a competitive national
cluster focused in exportation
supported by R&D and Innovation
activities.
To increase the renewable energy
production.

•

São Pedro de Moel

Ports
Figueira da Foz
Figueira da Foz : 35,3 Km /19 NM
Peniche: 92,0 km /49,6 NM

A= 320 km2

Nazaré

Shipyards

Pilot Zone

Site Selection
2004 | Study by WavEc to the General
Directorate of Geology and Energy (DGEG)

2007 | Working Group set up by the
Government

Rationale

• Concentrate activities in a single zone to facilitate
baseline studies, monitoring activities and building of
infra‐structures
• Simplify licensing and permitting procedures by
concentrating these in a Managing Body (one stop
shop).
• Provide connection point to the electrical grid,
environmental data and support infra‐structures
under the responsibility of the Managing Body

Legal framework
Creation:
Decree-Law Nº 5/2008, 8 January

Legal Base
Decree-Law Nº 238/2008, 15 Dec

Concession agreement:
RCM Nº 49/2010, 1 July

Signature of the contract: 20 October 2010
• Portuguese Government signed the concession contract with the
Portuguese National Grid (REN).
• REN established ENONDAS ‐ company which share capital is 100% owned
by REN.
• Concession for a 45 year period

23 January 2012 – review of the legal base
Decree-Law Nº 15/2012, 23 January

‐

Feed in tariff scheme for wave energy
– Demonstration (fixed tariff, < 4 MW, < 5 years)
– Pre‐commercial (tariff dependent on the project, < 20 MW, < 25 years)
– Commercial (bidding process – no power limit, < 25 years)
Decree-Law 225/2007
€/ kWh
0.30
DEMO (< 4 MW per technology)

World Power (MW)
300
600

0.25
0.20
0.15

PRE-COMMERCIAL (< 20 MW per technology)
COMMERCIAL

0.10
0.05
1

10

20

100
250
National Power (MW)

1000

Management body and access requirements
Management body
•

Authorization for the deployment of infrastructures for public
electricity grid connection and use of hydro resources in the public
domain, and competence for granting establishment and operation
licenses for the generation of electricity and correspondent
supervision – one‐stop‐shop procedure

http://www.ren.pt/vEN/RENGroup/BusinessAreas/Pages/grupo‐
ren_business‐area.aspx
•

Promotes the infrastructure, baseline environmental data
measurement and public access, monitoring, safety, etc.

•

Start‐up costs: infrastructure, mapping and geophysical and
environmental characterization and regulation of the access

Access requirements
Company with Technical, Economic and Financial capacity to develop the
project;

Electrical Connection
• 4 connection points 3MW
• Each berth may have its own individual transformer, to set up the
voltage to 15 kV
• Subsea Switchgear 15 kV
• Onshore landstation contains a tansformer 15/30 kV, capacity 16
MVA
• Connection between the Switchgear and the landstation tranformer:
2 enrolled 3‐phase cables (diameter 95 mm2 section)
• Dynamic cable: diameter 35 mm2 section

Electrical Connection
Marinha Grande Station
1st Phase: 80 MW
2nd Phase: 250 MW

Bottom Conditions
30 m
Ocean bottom:
sandy

Coastline:
sandy beaches and
dunes

Geophysical characterization of the Pilot Zone
PORTUGUESE HYDROGRAPHIC INSTITUTE
http://www.hidrografico.pt/
•
•

Portuguese Navy’s Laboratory of Ocean Sciences
Main responsible for the installation and maintenance of sea level stations as well as acquisition,
processing, archiving and dissemination of sea level data.

• Report “Geophysical characterization of the Pilot Zone”
May ‐ November 2011

Survey Area

•
•
•
•
•

Bathymetry and morphology;
Sedimentary composition;
Baseline of water quality;
Detection of objects;
Oceanography (weather, currents, sea
waves, tides and oceanographic modeling);
• Sediment dynamics in coastal zones and
corridors;
• Safety of Navigation (Nautical and
Maritime Security Plan);
• Integration and data presentation (GIS)

Environmental baseline study
Report “Ecological analysis of Birds and Marine Mammals in The
Portuguese Pilot Zone”
Prepared by Bio3, May 2011
Main goal: to provide an initial characterization of the communities of
seabirds and marine mammals, to serve as the basis for the study of
environmental characterization of ZP.

Oceanographic campaigns
•
•

Oceanographic campaigns necessary for the acquisition of data
The works were performed by specialized teams from HYDROGRAPHIC INSTITUTE

Data acquisition hydro‐sedimentological corridors: moving amount of sediment into the water column.

Water quality

Superficial samples of
sediments

Layer of sediments on
vertical profiles

Surveys
survey was undertaken using a Marine
Magnetometers

In this section were performed
High‐resolution surveys for detecting objects
restricting the occupation of the seabed.

Sonar system KLEIN 5000
Marine Magnetometers SEASPY
Para a detecção de objectos nos corredores : um sonar de varredura lateral de
múltiplos feixes com focagem dinâmica do feixe, KLEIN 5000 (Figura 14) e um
magnetómetro SEASPY da MARINE MAGNETICS (Figura 15).

Geomorphology
The surface morphology is in general, very regular, with a mean inclination of about 0.2 °.
Seabed: mainly sandy gravel and finer sands, to a depth of at least 2m over most of the area
Only near the northern corridor an extensive rocky

Reference situation – water quality

Observations of marine mammals

Multiparametric Buoy
•

Installed in the pilot zone
at 10 Dec 2011

The buoy was anchored only on 10 December
2011. Because of this, the tasks associated
with the acquisition of those data in real time,
are in the initiation phase.

Physical Oceanography
Characterization of the oceanographic modeling:
• Performed using the model WW3,
• Simulation of sea waves 1995 to 2011; with a time
step time of 6 hours.
• Collected data from
– significant height (Hs)
– energy period (Te)
– direction of the waves

• Statistics, annual and seasonal conditions of agitation
and the availability of energy iin the pilot zone .

Significant height and energy period (1995‐2011)
•

•
•
•

Red line: events in which
the significant wave height
was greater than 4.5 m, this
being one of the criteria for
determining a temporal
event.
Hs max= 10.21 m
Te max = 17:45 s both
occurring in the same event.
Summer period: the average
value of significant height
was 1.56 ± 0.77 m, whereas
in the winter period the
average value was ± 1.3 m
2:49 (Figure 37).

Simulation results show no significant difference inter‐annual

Histogram for significant wave height
Summer

Winters

Mean Direction
Distribution of mean direction
• In the summer, the waves are mainly from NW
• In the winter months is possible to observe a change in the direction of the
waves to W
• During the summer months, about 60% are around the mean direction, while
during the winter months more variability of waves direction
Summer

Winter

Wave power
Wave power frequency
Summer: 55% ocorrences in 5<P≤10 kW/m.
Winter: 72% ocorrences in 5<P≤50 kW/m

Summer Winter

Monthly average wave power
• Clearly winter months have a mean above the monthly average of 27.36 kW/m ranging
from 57.3 kW / m and 30.9 kW / m in January and October respectively.
• The summer mean values are below the annual average, between 25 kW /m in April
and 7.8 kW/m in July.

Scatter diagram
Annual average hours of combined occurrences of Hs and Te

Tasks in progress
• Preparation of the Regulation for the Access
• Collected data would be available through the Ocean Plug
website ‐ development of a GIS platform
• Studies and Environmental Impact Assessment.
• Development of electrical design for Phase 1, including the
protection schemes to be installed in the electrical
infrastructure of the Portuguese Pilot Zone.
• Creation of a Service Portfolio (local companies able to
provide all kinds of services to promoters)
• Safety and Navigation – plan under development

Concluding remarks
• ENONDAS is effectively a one‐stop‐shop for wave energy
project in the Pilot Zone, eliminating any leasing discussion
with additional entities, and has a mandate to develop the
offshore infrastructure to accommodate up to 80MW of
projects in a first phase.
• Contact details:
João Freire Cardoso
Tel: +351 210 013 246

Email: joao.cardoso@ren.pt

Recently announced: “On line platform for licencing”
The Portuguese government will launch a website by end of 2012 to open concessions
for investors for submission of applications related to the exploitation of the sea

EMEC and Wave Hub Testing
Facilities
Ocean Energy System Workshop – Open Water
Testing

15 October 2012

EMEC, Orkney
A global centre of excellence in
marine energy testing and research

Location
Full Scale Wave Site
Full Scale Tidal Site
Nursery Wave Site
Nursery Tidal Site

© EMEC 2011

Wave site activity
Wave Site – Billia Croo, Stromness

Tidal site activity

Nursery test sites
• Smaller scale sea trials
• Berths with moorings, plus
area of seabed for
rehearsal of deployment
techniques
• More gentle sea conditions
• Non-grid connected
• Test support buoys record
device performance and
dissipate electricity

Nursery site activity
Shapinsay Sound

Scapa Flow

Key sources of EMEC Information
• EMEC Website www.emec.org.uk
– Test Center Capabilities and Specifications
• Site host address and contact details
• Site location & infrastructure
• Water depth and seabed conditions
• Ongoing projects and previous project/systems
tested (with external research projects links accessed
via www.emec.org.uk/research)
• Equipment available at site
• Facilities available
• Summary resource description
– Industry Standards
• www.emec.org.uk/standards

Key sources of EMEC Information
• Direct from EMEC
– Detailed resource description
– Lessons learnt / advice to others
Likely to incur some cost if EMEC resources are required to
produce outputs. Some aspects may form part of EMEC’s IP.
• Local Orkney Websites
– Supply Chain Information
www.orkneymarinerenewables.com
• Wider Industry Links
– www.emec.org.uk/links/

Eileen Linklater from EMEC will be talking at
ICOE on Thursday the 18th at 10:00 in the Test
and Demo Facilities session. So please catch
her if you have any specific questions on
EMEC.

www.emec.org.uk

Wave Hub
•
•
•
•
•
•
•
•
•
•

Grid-connected testing facility for wave energy devices
8 sq kms open sea test site, 16kms offshore
Four 1 x 2 km berths
S36 electricity consent to generate up to 20MW
11kV voltage with transformer to step up to 33kV
Full remote monitoring via fibre optic link
Comprehensive environmental baseline data
Wave climate monitoring
Wave Hub Power Purchase Agreement
50 MW and 33kV upgrade potential

Wave Hub Site

Wave Hub Site

Wave Resource Data

•
•
•
•
•

Predominant wave direction is westerly
Mean significant wave height is 1.86 – 2.2 metres
Largest waves recorded range between 6-10 metres
Wave periods over 12 seconds are common
Spring current flows are between 1.07 - 1.2 ms

Environmental Baseline Data
•
•
•
•
•

Terrestrial ecology
Marine ecology
Ornithology
Marine ecology
Fish resources and
commercial fisheries
• Water quality

•
•
•
•
•

Coastal processes
Navigation
Sediment quality
Archaeology
Landscape and visual
amenity
• Socio-economics

Operational Readiness
•
•
•
•
•
•
•
•
•

Established operating company – Wave Hub Limited
Recruit Wave Hub Operations Team
Develop Operational Management System
Implement Active Safety Management Plan
Finalise WEC Connection Specification
Establish a Wave Hub Power Purchase Agreement
Procure key suppliers
Confirm consent process for device developers
Develop legal berthing contract

Planned Deployments

Floating Wind Studies
Phase 1 Findings
• Technically feasible
• Strong preference to deploy within existing site
• New S36 consent
• Max water depth is 57m
Phase 2 Proposal
• Further site investigations
• Electrical connection studies
• Consent screening and scoping
• 6 month work programme started in September

FaB Test
• Fast, flexible and low cost solution for testing
wave energy technologies
• Pre‐consented 2 sq km area of sea
• Water depths of 15m – 50m
• Seabed types ‐ rock, gravel and sand
• Moderate wave climate
• Excellent access to nearby port infrastructure and
supply chain

Hayle Marine Renewables
Business Park

Wider Benefits
• Peninsula Research Institute for Marine Renewable
Energy
–
–
–
–
–

Collaboration between Exeter and Plymouth Universities
World class team of researchers
Dynamic Marine Component Test Rig, Falmouth
Moorings test facility, Falmouth
Wave Tank, Plymouth

South West Marine Energy Park

A physical and geographic zone with priority focus for marine
energy technology development, energy generation projects and
industry growth.

Wave Hub Ops Team
Claire Gibson, Wave Hub General Manager
07712 678884

claire.gibson@wavehub.co.uk

Colin Campbell, Marine Operations Manager
01736 800291 colin.campbel@wavehub.co.uk

Rob McConnell, Electrical Engineer
01736 800289 rob.mcconnell@wavehub.co.uk

Helen Wilson, Business and Communications Manager
01736 800290 helen.wilson@wavehub.co.uk

Biscay Marine Energy
Platform - bimep

Y. Torre-Enciso
Ente Vasco de la Energía (EVE)
E-mail: ytorre@eve.es
Web: www.eve.es/web/EnergiasRenovables/Energiamarina/bimep.aspx
OES Annex V
Workshop I: Open Water Testing
15-16 October, 2012, Dublin
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1. Test Site Description: bimep
•

The Biscay Marine Energy Platform is an
ocean infrastructure for research,
demonstration and operation of offshore
Wave Energy Converters (WEC) on the open
sea.

•

In the future, it could be extended to
provide services to offshore wind energy.

•

This infrastructure provides wave energy
device manufacturers with ready-to-use
facilities to validate their designs and to test
their technical and economic feasibility.

•

Main characteristics:





20 MW in total.
Four berths or power connection units.
Easy installation, test and operation.
Associated Research & Control Centre.

BIMEP – OES Annex V Workshop I, 15-16 October, Dublin
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1. Test Site Description: Location

Armintza

Armintza-Lemoiz

Bilbao
Harbour

A 15Km de Bilbao

Airport

Bilbao

Bilbao
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1. Test Site Description: Offshore Site
•
•

•

•

•

Located in the village of
Armintza-Lemoiz (Bizkaia).
One of the Basque Coast’s
areas with higher energy
potential (21 kW/m).
Proximity to Bilbao’s harbour
(15 km) and the city of Bilbao
(20km).
There is no affection to areas
with some kind of
environmental protection,
neither to the
morphodynamic of the
surrounding beaches.
Close to this location, there
is another open sea area that
would make a future
extension of the
infrastructure possible.

Bathymetry




5,2 km2 area
Water depth between 50-90 m.
The closest point to land is 1,7km far.
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1. Test Site Description: Onshore Site
•

The subsea landing point is
located in the ArmintzaLemoiz area with minor
environmental impact.

•

The area has good road
access.

•

A strong and nearby coastal
utility grid, with 132 kV - 20
MW capacity
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1. Test Site Description: Offshore Infrastructure
•
•
•

Navigational Marking Buoys, for marking the deployment area.
Oceanographic Buoy, mainly for monitoring the sea conditions, but the weather
conditions as well (installed in Feb. 2009)
Subsea Cable, 4 subsea cables connect the berths with the onshore substation.

Marking buoy (illustrative)

Metocean buoy (FUGRO)

Preliminary subsea cables route

7
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1. Test Site Description: Offshore Infrastructure (cont’d)
•

Subsea Connectors.

•

Berths or Power Connection Units: 4 berths of 13,2 kV / 5 MW each. Several
WECs could be connected to each berth. Dynamic cable is refloated and
connected to the WEC umbilical via a subsea connector.

System elements





•

Marking Buoy
Connectors
Umbilical Cable
Static cable

Mooring Systems: they depend on the device and mooring area features.
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1. Test Site Description: Onshore Infrastructure
•
•

Cables entry to the land, interconnection between offshore and onshore cables.
Substation.
Main features:





•

•
•

4 incoming lines of 13,2 kV and 5 MW.
20 MW transformer.
Connection to the grid (132 kV)
Electrical measurement systems for each line.

Onshore Electrical Installation: from the subsea cables entry point to the land
to the substation (4x13,2 kV/5MW) and from there to the power grid (1x132
kV/20MW)
Monitoring and Control System (SCADA).
Research and Control Centre.
 Offices available for researching staff and WEC developers with devices under test.
 Monitoring and Control System.
 Didactic area about the wave energy for the general public.
9
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2. Project Development: Current Status
2008

2009

2010

2011

2012

2013

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
PROJECT MANAGEMENT, PLANNING & MARKETING
Location selected

Site Engineering (SENER)

bimep, S.A. established

Exploitation

CONSENTING
Administrative Authorisation

Public Domain

Construction Project EIA
PURCHASES
Metocean buoy
(FUGRO)

Submarines lines Onshore substation
(ELECNOR)
(ELIMCO)

OPERATION

Environmental Permit
DETAILED DESIGN

Marking & Navigation Safety
CONSTRUCTION

Start of
onshore works

BIMEP – OES Annex V Workshop I, 15-16 October, Dublin

Installation of
submarine lines
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2. Project Development: Managing Body and Exploitation
•

Biscay Marine Energy Platform,
S.A.: A company established in
December 2011 to develop,
install, operate and manage the
bimep facility.

•

The development and
construction of this
infrastructure will amount a total
investment of €20 million.

•

It is foreseen that bimep will
enter operation during the last
half of 2013 after one of the most
complicated technical stages
had concluded, namely the
supply and installation of
submarine power lines and
ground cables.

Biscay Marine Energy Platform, S.A.
80%

20%

Basque Energy Agency (Regional Body)
www.eve.es

•

Spanish Energy Agency (National Body)
www.idae.es

Day-to-day operation of the
infrastructure will require the provision
of specialised services:
•
•

•

Navigation safety services,
Testing services and research services.

For this purpose, bimep plans to open
different public tenders.
11
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3. Resource Characterisation: Design Conditions
WAVE DATA

CURRENT DATA

RP (years)

2

5

10
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8,1

9,2
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1,1

1,2

1,4

Dir (towards)

E
W

E

E

Dir (from)

WNW

WNW

WNW

WNW

WNW

Tp (s)

14

14

14

16
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WIND DATA

WATER LEVEL DATA

Max (m)

Min (m)

Range (m)

Astronomical tide

4.83

‐0.11

4.94

RP (year)

50

Max registered water level

5.03

‐0.27

‐‐

Speed (m/s)

47

Extreme (RP of 50 years)

5.37

‐0.49

‐‐

Dir (from)

W

RP: Return period
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3. Resource Characterisation: Scatter Diagram

13
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3. Resource Characterisation: Additional Information
Wave Rose

TEMPERATURES

Wind Rose

Sea Water (º C)

Air (º C)

Average max monthly surface (August)

21‐22

19‐20

Average max monthly surface (February)

11‐12

4‐5

Max recorded

25

40

Min recorded

9

‐5
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4. Lessons Learnt and Advice to Others
Public engagement improves public perception and builds
support for the project





Extensive consultation to stakeholders led to a majority agreement that there
won’t be any significant impacts
It helped to identify and address some conflicts of interest (e.g. affection to
professional fishery)
It provided many proposals for improving site design (e.g. reduction of bimep
area to facilitate access to Armintza’s port)
It identified the need for increased safety, specially reducing navigational risks

BIMEP – OES Annex V Workshop I, 15-16 October, Dublin
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4. Lessons Learnt and Advice to Others
Many concerns about potential negative environmental impacts
due to the lack of up and running wave energy projects




Comprehensive EIA considered worst case scenarios (e.g. different device types,
various distributions of these in the area)
Environmental monitoring to further understand long-term effects, critical
aspects, adjust mitigation measures
Pre-operational phase of the Environmental Monitoring Program launched in
August 2011
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4. Lessons Learnt and Advice to Others
Pre-permitted test site to avoid the high complex consenting
procedures for marine renewable energy projects in Spain




It caused great delays in obtaining the necessary permits (> 3 years)
No further administrative permits will be required for technology developers
bimep will be responsible for accepting WEC installation  Develop guidelines
to help developers to comply with pre-permit requirements

bimep

Public
Domain
Allocation

Navigational
Risks

Marking
Project

Power Plant
Permit

EIA

Activity
Licence

Works
Licence

Protection
Zone
Allocation

Ministry of
Environment

Ministry of
Transport

Port
Authority

Ministry of
Industry

Ministry of
Environment

Town
Council

Town
Council

Basque
Government

Offshore

Common

Onshore
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4. Lessons Learnt and Advice to Others
Need to promote high standards of safety to protect the marine
environment, people operating on the site, nearby navigation and
various assets







A risk based approach was adopted to identify potential risks
Several preventing measures are implemented at bimep
o Cardinal buoys according to IALA
o SCADA system to monitor WEC position and alarms
o Surveillance of the area (by means of personnel, video and rapid intervention
boats)
o Tow boats available 24/7
o Preventive recovery of WECs in case of extreme forecasts
Developers to provide a detailed risk assessment and full documentation
o Guidance on Safety Considerations for the installation of WECs at bimep
o Independent evaluation of design and construction
Special attention paid in bimep to defining emergency plans
o Protocol to Respond to Navigational Risks Incidents

BIMEP – OES Annex V Workshop I, 15-16 October, Dublin

18

4. Lessons Learnt and Advice to Others

Risk
Guideline on
Assessment
Safety
Considerations
Manufacture

Design

Operation

Decomm.

• General requirements
• Structural Design
• Mooring system

Fabrication

Installation

Prototype
Life cycle

Marine Issues

Electrical system &
Data Transfer
Environmental Issues

BIMEP – OES Annex V Workshop I, 15-16 October, Dublin
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4. Lessons Learnt and Advice to Others
All previous issues have been considered in designing a clear
route for the interaction with technology developers





Establishing a close dialogue between developers and bimep to define the scope
of testing programme and to deal with non-conformances
Exchanging of information leading to:
o An internal feasibility analysis mainly focused on technology readiness
o An independent evaluation of device design, construction, operational plans and
contingency measures
o A readiness review prior to installation
bimep will monitor marine operations during installation, testing and
decommissioning according to developer’s plans and procedures

BIMEP – OES Annex V Workshop I, 15-16 October, Dublin
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4. Lessons Learnt and Advice to Others
Build a comprehensive but flexible service portfolio to respond to
the individual needs of technology developers and accelerate the
marine energy sector as a whole





Testing, demonstration and research services
Some of the services will be provided before contract signature (e.g. detailed
met-ocean and geophysical data or the internal feasibility analysis)
Basic services will be charged according to plant footprint, installed power and
test programme duration
Advanced services will be charged according to the scope agreed with the
developer in the contract
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BIMEP – OES Annex V Workshop I, 15-16 October, Dublin

4. Lessons Learnt and Advice to Others
SERVICES

BASIC

Space rent

Access to offshore site & office space

Information

Real-time metocean and electrical
generation data; historic info

Hourly wave forecasts (24h, 48h and
72h)

Safety

Technology readiness assessment;
Monitoring of alarms

Device surveillance; Management of
emergencies

Energy

Grid connection; revenues on energy
generated

Energy quality

Verification

ADVANCED

Performance / Power matrix

Offshore
Operations

Device installation and maintenance

Technical
Analyses

Mechanical, electrical, resource and
environmental analyses

R&D&i

Collaborative projects; Search for
sources of funding

BIMEP – OES Annex V Workshop I, 15-16 October, Dublin
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“Bilbao Marine Energy Week” includes:
• Ocean Energy Conference
(5th International Marine Energy Seminar)

• Offshore Wind Conference
• International workshops and meetings
• Brokerage Events
• Technical visits
• Marine Renewable Energy Exhibition

Save the date
15‐19 April 2013
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Thank you for
your attention
EVE
Yago Torre-Enciso
ytorre@eve.es

15-16 October, 2012

BIMEP – OES Annex V Workshop I, 15-16 October, Dublin
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PORTUGAL
Open Water Test Sites

Ana Brito e Melo
CEO
WavEC

The Ocean Energy System Workshop on Open Water Test Sites
Inaugural Workshop under Ocean Energy Systems (OES) Annex V

15-16 October 2012, Dublin, Ireland

Workshop topics

• Session 1: Operational Facilities
• Session 2: Planned or Under Development
Facilities
• Session 3: Device Developers

Test sites in Portugal
Aguçadoura
(EDP with EFACEC)

Pilot zone (São Pedro de Muel)
(REN) | Governmental Initiative

Operational
facilities
Planned
facilities

OWC Pico plant
(WavEC)
Peniche
(Eneólica)

Aguçadoura ‐ Site location & infrastructure
Acquired in 2001 by Teamwork Technology in
order to test the AWS prototype.
Now property of EDP and Efacec
Composed by :
• Offshore area
• Subsea electrical cable
• Landstation

Distance from the coast: 5‐6 km
Water depth: 45 – 50 m

Previous and ongoing projects
2004

•
•

•

2008

2011 ‐ ..

AWS first prototype in the Atlantic Ocean
Pelamis: Aguçadoura was the first test site to host a wave farm ‐ the first
undertaking worldwide as a commercial order of wave energy devices: 8 M€
purchase of the three Pelamis P‐1A machines of 750 kW each by the
Portuguese project developer, Enersis
WindFloat: In October 2010, Principle Power signed a Turnkey Agreement
with WindPlus, a Joint Venture which includes: Principle Power, EDP, Repsol,
InovCapital, Vestas Wind Systems A/S, A. Silva Matos and Fundo de Apoio à
Inovação. Phase 1: 1 Vestas V80‐2.0MW turbine

Licencing process
2001| AWS protototype – very complex process which required
the approval of 5 Ministries
2006 | Pelamis wave farm – project license from IPTM (Port and
Maritime Transport Institute)
2008 | Change of national framework
2000‐ Water Framework Directive (WFD)
2005‐ Transposition of the WFD into national policy ‐
Water Law
2006‐ Approved: National Strategy for the Sea (2006‐
2016)
2008‐ Creation: River Basin District Administration
2009‐ Published: National Strategy for Integrated
Coastal Zone Management
Current new organizational model:
• National Water Authority ‐ INAG
• 5 River Basin District Administrations

Characterisation
41º28´13.74´´N
41º28´7.86´´N
41º27´13.26´´N
41º27´2.10´´N

8º51´48.60´´W
8º50´12.42´´W
8º50’23.94’’W
8º51´46.74´´W

Landstation an electrical connection
The substation was installed in 2001
With an area of about 824 m2, the
substation comprises two buildings:
‐ control room
‐ power electronics and link to the
submarine cable
Transformer: 6/15 kV

landstation

Restrictions

• Landstation in National
Ecological Reserve (REN)
• Landstation in conformity with
Coastal Area Management
Plan(POOC)

Beach
Dunas

Sea bed conditions
Surface mapping of sedimentary
deposits :
• sandy
• the origin of these sedimentary
deposits relates to discharges of
rivers which flow into this
coastal area

Aguçadoura

Wave climate
Directional Waverider Buoys
www.hidrografico.pt

Aguçadoura
The wave climate is fairly well known
through long‐term measurements
being made by the Portuguese
Hydrographic Institute

35 kms

• Real time records:
significant wave height,
maximum wave height,
period and water surface
temperature .
• Select the station and
access to the latest
information available.

Wave climate
Significant wave heigh

Peak period

Shipyards
Aguçadoura

AWS
ENVC SHIPYARD
Assembly
Installation

AGUÇADOURA

• Built in Romania and assembled in ENVC SHIPYARD
• ENVC SHIPYARD is the major Portuguese Shipbuilder,
specialised in mechanical repair and tank coatings.

Pelamis
Installation

• The machines were built in Scotland; all components
were shipped in 2006 from Scotland to the Port of
Peniche where final assembly was done.
• EN Peniche Shipyard was chosen due to a set of
factors including costs of using the facilities, adequacy to
the works and proximity to the installation local.

AGUÇADOURA
Assembly

EN Peniche SHIPYARD

Fabrication, assembly and Installation
Installation

Fabrication
(A. Silva Matos)

Assembly
(Lisnave)

Transport vessel ‐ Windfloat
Installations operations performed by Bourbon Liberty 228 ‐ Anchor Handling
Tug Supply vessel (AHTS) from the BOURBON fleet:
• Towing an anchoring of the wind turbine on site
• Subsea installations and connections to the electrical system
Video of installation available at:
http://www.bourbon‐online.com/en/news/2011/12/bourbon‐strengthens‐
its‐positions‐in‐offshore‐wind‐by‐installing‐an‐innovative‐structure‐off‐
the‐coast‐of‐portugal

In Portugal there are no specialised
service vessels for the offshore
wave and wind sector, due to the
absence of a traditional oil and gas
industry.

Mooring and anchoring
• Four‐point chain mooring system
• Drag‐embedded anchors pre‐laid at
the installation site

Top‐down view of mooring
configuration

41º28´13.74´´N
41º28´7.86´´N
41º27´13.26´´N
41º27´2.10´´N

8º51´48.60´´W
8º50´12.42´´W
8º50’23.94’’W
8º51´46.74´´W

Electrical cable
•
•
•
•
•
•

Static cable ‐ already in place which
connects Aguçadoura landstation to the
offshore test site.
About 6 km in length and 89 mm diameter,
placed on the seabed (not buried); only
buried in the crossing dunes and beach.
Currently is partly covered because of the
natural movements of sediment.
Dynamic cable ‐ New section between the
platform and the existing cable on the
seabed ‐ 500 m long
Capacity: 3.85 MVA
Along the submarine cable, a band with
457 m (500 yards) wide centered on the
route of the cable: fishing, anchoring
vessels or extract sand not allowed.

Final remarks
Site host:
No specific website about Aguçadoura – however Windfloat project website
under creation, within the EU funded project DEMOWFLOAT

Contact details (WindFloat project):
• João Gonçalo Maciel (JoaoGoncalo.Maciel@edp.pt)
• Pedro Valverde (Pedro.Valverde@edp.pt)

Lesson learned: “it is very important to have scientific knowledge in
combination with knowledge and experience of the sea” (Fred Gardner,
AWS)

Topics

• Session 1: Operational Facilities
• Session 2: Planned or Under Development
Facilities
• Session 3: Device Developers

Portuguese Pilot Zone – Location & Aim
• Located in the central
part of the country
• at a distance of about
5 to 8 km from the
coast of Leiria district
• Area = 320 km2

Aim:
•

•
•

To attract demonstration and
industrial development to
Portugal
To create a competitive national
cluster
To increase the renewable energy
production.

São Pedro de Moel

Lisbon

Shipyards
Aguçadora

Pilot Zone

Figueira da Foz : 35,3 Km /19 NM
Peniche: 92,0 km /50 NM

Site Selection
2004 | Study by WavEc to the General
Directorate of Geology and Energy (DGEG)

2007 | Working Group set up by the
Government

Rationale

• Concentrate activities in a single zone to facilitate
baseline studies, monitoring activities and
building of infra-structures
• Simplify licensing and permitting procedures by
concentrating these in a Managing Body (one
stop shop).
• Provide connection point to the electrical grid,
environmental data and support infra‐structures
under the responsibility of the Managing Body

Legal framework
Creation:

Decree-Law Nº 5/2008, 8 January

Legal Base:

Decree-Law Nº 238/2008, 15 Dec

Concession agreement: RCM Nº 49/2010, 1 July
Signature of the contract: 20 October 2010
• Portuguese Government signed the concession contract
with the Portuguese National Grid (REN).
• REN established ENONDAS ‐ company which share capital
is 100% owned by REN.
• Concession for a 45 year period
‐
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Feed in tariff scheme for wave energy
– Demonstration (fixed tariff, < 4 MW, < 5 years)
– Pre‐commercial (tariff dependent on the project, < 20 MW, < 25 years)
– Commercial (bidding process – no power limit, < 25 years)
Decree-Law 225/2007
€/ kWh
0.30
DEMO (< 4 MW per technology)

World Power (MW)
300
600

0.25
0.20

PRE-COMMERCIAL (< 20 MW per technology)

0.15

COMMERCIAL

0.10
0.05
1

10

20

100
250
National Power (MW)

1000

Electrical Connection
Phase 1:
• Demonstration projects
• 4 berths 3MW each
• Each berth may have its own individual transformer, to set up the
voltage to 15 kV
• Subsea Switchgear 15 kV
• Onshore landstation contains a tansformer 15/30 kV
• Connection between the Switchgear and the landstation tranformer:
2 enrolled 3‐phase cables

Phase 2 & 3:
Pré‐commercial (phase 2) – up to 80 MW

Commercial (phase 3) – up to 250 MW

Electrical Connection
Marinha Grande Station

Bottom Conditions
30 m
Ocean bottom:
sandy

Coastline:
sandy beaches and
dunes

Geophysical characterization of the Pilot Zone
Report “Geophysical characterization of the
Pilot Zone”
May ‐ November 2011

PORTUGUESE HYDROGRAPHIC INSTITUTE
http://www.hidrografico.pt/
Portuguese Navy’s Laboratory of Ocean Sciences

Survey Area

Report “Ecological analysis of Birds and Marine Mammals in The Portuguese Pilot Zone”
Prepared by Bio3, May 2011
Main goal: initial characterization of the communities of seabirds and marine mammals, to
serve as the basis for the study of environmental characterization of ZP.

Oceanographic campaigns
•
•

Oceanographic campaigns necessary for the acquisition of data
The works were performed by specialized teams from HYDROGRAPHIC INSTITUTE

Water quality

Quality of sediments

Layer of sediments on
vertical profiles

Surveys
•

High‐resolution surveys for detecting objects on the seabed

Sonar system KLEIN 5000
Marine Magnetometers SEASPY

Geomorphology
Surface morphology: in general, very regular, with a mean inclination of about 0.2 °.
Seabed: mainly sandy, to a depth of at least 2m, over most of the area

Reference situation – water quality

Observations of marine mammals

Multiparametric Buoy
•

Installed in the pilot zone at 10
Dec 2011
Tasks associated with the
acquisition of data in real time,
are in the initiation phase.

•

Physical Oceanography ‐ simulations
Significant height and energy period (1995‐2011)
Simulation results show no significant difference inter‐annual
•

•
•

Red line: events in which
the significant wave height
was greater than 4.5 m ‐
storm event
Hs max= 10.21 m
Te max = 17:45 s both
occurring in the same event.

Histogram for significant wave height
Summer

Winter

Mean Direction
Distribution of mean direction
• In the summer, the waves are mainly from NW
• In the winter months is possible to observe a change in the direction of the
waves to W

Summer

Winter

Monthly mean wave power
• Clearly winter months have a mean above the monthly average of 27.36 kW/m ranging
from 57.3 kW / m and 30.9 kW / m in January and October respectively.
• The summer mean values are below the annual average, between 25 kW /m in April
and 7.8 kW/m in July.

Tasks in progress
• Preparation of the Regulation Access for developers
• Collected data would be available through the Ocean Plug
website ‐ development of a GIS platform
• Development of electrical design for Phase 1 (4 berths, 3 MW
each)
• Creation of a Service Portfolio (local companies able to
provide all kinds of services to promoters)
• Safety and Navigation – plan under development

Concluding remarks
• ENONDAS is effectively a one‐stop‐shop for wave energy
projects in the Pilot Zone, eliminating any discussion with
additional entities, and has a mandate to develop the offshore
infrastructure to accommodate up to 80MW of projects in a
first phase.
• Contact details:
João Freire Cardoso
Tel: +351 210 013 246

Email: joao.cardoso@ren.pt

Recently announced: “On line platform for licencing”
The Portuguese government will launch a website by end of 2012 to open
concessions for investors for submission of applications related to the exploitation
of the sea

Overview
Fall 2012
Fundy Ocean Research Center for Energy
fundyforce.ca

Marine Renewables
Canada
• National industry association for marine
renewable energy
– Offices on Pacific and Atlantic coasts

• Not‐for‐profit established in 2004
• Formerly Ocean Renewable Energy Group (OREG)
– Re‐brand/launch Sept. 2012

• Work to:
–
–
–
–

Foster collaboration
Support member and sector interests
Engage broader interests
Raise awareness and provide outreach

2

FORCE
FORCE - Canada’s lead tidal energy
research facility. Key functions:
Host: providing an approved test site and
access to power grid via submarine +
onshore cable.
Watchdog: ongoing environmental
monitoring in the Minas Passage;
emphasis on fish and marine life effects.
Research: priority on site characterization:
resource assessment, subsea mapping,
current profiling, also environmental
impacts, technical barriers, etc.

The site
• One of the most powerful in the world
– 7000 MW in Minas Passage
– 2500 MW estimated safely extractable
– straight flowing currents, speeds over 5 m/s
– pushing 14 billion tonnes of water on avg.
• Four berths
• 64 MW subsea cable capacity
• 138kV transmission line to main grid (10 km)

ENGAGEMENT
3500 visitors summer 2012

New Board Members
Membership comprised of berth holders, province,
independent academic, includes:
• John Woods, Minas Basin Pulp and Power
• Phillipe Gilson, Alstom
• Joseph Fison, Atlantis
• Anna Redden, Acadia University
• Sandra Farwell, Nova Scotia Department of Energy

adding
• Doreen Malone, Assante Capital Management
• Joe Fitzharris, Marener Group
6

COMPLETE
Substation + onshore
electrical infrastructure

7

COMPLETE
Substation + onshore
electrical infrastructure

8

COMPLETE
138 kV Transmission Line

9

NS Power + OpenHydro
• Deployed Nov 12, 2009, retrieved
December 17, 2010.
• Analysis suggests unit stopped
functioning during second spring tide
after install, result of higher peak
velocities (up to 2.5x higher power
density than first estimated).
• Deployed and recovered without
environmental damage, bio-fouling
or damage to the structure itself.

TENDER
Berth D: March 2013

12

CABLE PREP
Motorized stands, RFP for
instrumentation on cable
termination

13

CABLE Instrumentation
Abandonment Termination

14

Subsea cable lay trials
PHASE 1 COMPLETE

15

VENUS: Functional
PLATFORM
High flow site monitoring
Schematic
Victoria Experimental Network Under the Sea

Site characterization:
CONTINUING

17

NS tidal hot spots

RESEARCH: 2006
EPRI Assessment

18

RESEARCH: 2012
ADCP: Simon Melrose
(Oceans),
Modelling: Richard Karsten
(Acadia)

19

Spring
Tide

Neap
Tide

Ebb

Ebb

Cable deployment window
- 7hrs -

20

Available Data
• FORCE is making data
available to via TLA to
advance research
• Multi-beam
• Sidescan sonar
• ADCP
• Photography
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Thank you.
Fundy Ocean Research Center for Energy
fundyforce.ca
Elisa Obermann
Marine Renewables Canada
email: elisa@marinerenewables.ca
web: marinerenewables.ca

DanWEC
Danish Wave Energy Centre

OES Annex V 16-10- 2012

Ocean Energy Test Sites in Europe

OES Annex V 16-10- 2012

Location of DanWEC

OES Annex V 16-10- 2012

DanWEC vision








Testing of pre-commercial
Wave Energy Converters
Offer basic design data
wave measurements and
device surveillance
Grid connection to a
mono pile on 25 meter
water depth
Marked area
3 – 4 prototypes under
development
OES Annex V 16-10- 2012

Planned extension of harbor

OES Annex V 16-10- 2012

Greenlab fases og aktivities

OES Annex V 16-10- 2012

DanWEC Greenlab ansøgning 2012
Phase 1

OES Annex V 16-10- 2012

Wave measurement equipment



Directional Waverider MkIII
Datawell
Acoustic Doppler Current
Profiler (ADCP),




Directional Wave spectrums
Current
Water level

OES Annex V 16-10- 2012

Additional instrumentation




Wind measurement
Web Cam
Data collection equipment

(horisontalt) ultrasound anemometer
(fx ATS Wind Horizon 400).

Planned installation of WebCams both
on land and in phase 2 on the platform
at sea.

OES Annex V 16-10- 2012

What covers the applied funding
“Anchor man” tasks





Link to university
Link to the local service
industry
Deployment Permissions
Marketing/dissemination

Tasks to be subcontracted
or purchased
 Marking

of test site area
 Design base
 Design of cable connection
and mono pile
 Measuring equipment for
waves, currents, wind and
water

OES Annex V 16-10- 2012

DANWEC ydelser phase 1

OES Annex V 16-10- 2012

DanWEC’s Basic packacage

OES Annex V 16-10- 2012

DanWEC suit development at step 4

OES Annex V 16-10- 2012

The timing for the testing of prototypes

OES Annex V 16-10- 2012

DanWEC wave conditions

Look at the annex II report:
K. Nielsen & T. Pontes (2010) Report T02-1.1 OES IA Annex II
Task 1.2 Generic and Site-related Wave Energy Data.

OES Annex V 16-10- 2012

Design conditions

OES Annex V 16-10- 2012

Hanstholm Scatterdiagram

OES Annex V 16-10- 2012

Marketing

OES Annex V 16-10- 2012

Mono pile in phase II


Monopile at sea





Connection point for
installations the
Transformer platform
Cable connection to shore
Monitoring and observation

OES Annex V 16-10- 2012

Projects at step 4 at DanWEC




Wave Star
Installed 2009
Installed 80 kW

OES Annex V 16-10- 2012

Projects at step 3, with grid connection

Floating Power plant

Wave Dragon

OES Annex V 16-10- 2012

Projects on step 3 without electricity
connection

Crest Wing

Dexawave

OES Annex V 16-10- 2012

Projects on step 2

Weptos

Leacon

OES Annex V 16-10- 2012

Projects on step 2

Wave Piston

Roling Cylinder

OES Annex V 16-10- 2012

Resen Energy, costal protection

OES Annex V 16-10- 2012

DanWEC Contact details
c/o Thisted Kommune
Asylgade 30
7700 Thisted



Additional information:



phone+45 21 76 23 32



Kim Nielsen
KIN@ramboll.dk

René Østergaard
Mail: REO@thisted.dk




Jens Peter Kofoed
jpk@civil.aau.dk

Andy Jensen
Mail: andy.jensen@rn.dk
Web: www.danwec.com
OES Annex V 16-10- 2012
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NAVFAC
Wave Energy Test Site
Marine Corps Base Hawaii
Inaugural Workshop – OES
Annex V, Open Water Test Sites
15-16 October 2012
Dublin, Ireland

WETS Marine Corps Base Hawaii

EXISTING 30M SITE

2

NAVFAC EXWC.

15-16 October 2012

WETS MCB Hawaii Wave Energy

3

15-16 October 2012

NAVFAC EXWC.

WETS Existing Infrastructure

Onshore Cable Route

4

Data Center Bldg 614

NAVFAC EXWC.

15-16 October 2012

WETS Notional Layout
• Shore station facility
• Moorings
– Two new 3-point
moorings (60m
and 80m water
depths)
– One exiting 3-point
mooring at 30m
depth
• Power cables
– Existing subsea
cable installed at
30m site in 2003
– One new trunk
cable to J-box then
two pigtail cables
for deep sites
5

NAVFAC EXWC.

15-16 October 2012

WETS Mooring Configuration

Bathymetry (light blue contour lines) and
sand depth (brown contour lines) in meters
6

NAVFAC EXWC.

15-16 October 2012

WETS Mooring Geometry

7

NAVFAC EXWC.

15-16 October 2012

U of Hawaii, Hawaii Natural Energy Institute
Environmental Monitoring
EMF Probe – 2 Units
•1.2 m (4’) wide
•1.5 m (5’) long
•Weight: 136 kg (300 lbs) in air
•deployed:
–(i) within 2 meters of the
existing 250 kW power cable
– (ii) one kilometer from the
power cable in an area of
similar depth as the “control”
site.
–The fist probe would be
moved to the proximity of the
new submarine power cable
after it is installed

8

NAVFAC EXWC.

15-16 October 2012

U of Hawaii, Hawaii Natural Energy Institute
Met-Ocean Monitoring

Datawell Directional
Waverider Buoy

9

ADCP
•23cm dia., 40cm high.
•weight: 13kg in air,
4.5kg in water

NAVFAC EXWC.

15-16 October 2012

Bldg 614 Space Assignments

10

NAVFAC EXWC.

15-16 October 2012

WETS: Site-Specific Parameters

Power

30m site

Deep sites

One @ 30m

Two sites @ <100m

250kW
@ 4160V

1 MW
@11,500V

Water depth

One @ 30m

Two sites: 60m and 80m

Configuration

Tri-moor

Drag embedment anchor +
concrete sinkers

Water depth
Maximum
transmitted power
Moorings

11

NAVFAC EXWC.

15-16 October 2012

WETS Deep: Notional Device Parameters
Property

Point absorber

Oscillating water column

Diameter /width (m)

5 - 18

10 - 25

Length (m)

4 - 44

10 – 50

Height (m)
Height above water (m)

5 – 25
1.5 - 9

2 – 11

7.3 – 1,088.6

7.3 – 1,088.6

Power take-off

non-petroleum or magnetic
generator tech

air turbine connected to
electrical generator

Mechanical operation

two components oscillating
relative to each other

Oncoming waves force air
through turbine

40-500

500 – 1,000

Dry weight (mT)

Power output (kW)

12

NAVFAC EXWC.

15-16 October 2012

WETS: Implementation
• WETS deep system design Dec 2012
• NEPA environmental permits for deep site to be
completed by Spring 2013
• 30m site ready to be populated by Summer 2013
• WETS deep mooring installation complete by late 2013
– shore station upgrades
– mooring installations
• WETS deep site to be operational early 2014
• New power cable to deep site by mid 2014
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NAVFAC EXWC.

15-16 October 2012

9/28/2012

Expeditionary Warfare Center

Point of Contact

Alexandra DeVisser
NAVFAC EXWC
1100 23rd Ave
Port Hueneme, CA 93043 USA
(805) 982-6070
Alexandra.devisser@navy.mil

Peter Scheijgrond (Infra‐structure Manager)
11‐3‐2013

1

TTC Offshore
TTC Sluice

GTTC

11‐3‐2013

2

• TTC offers access to intermediate scale high
flow test site in a sluice gate in a dam
• Established in 2009, primarily to test Tocardo
devices (10, 50 and 100kWp)
• Expanded & manned in 2012
• Permits for use of 2nd sluice gate & offshore
site
11‐3‐2013

3

11‐3‐2013

5

TTC

11‐3‐2013

6

11‐3‐2013

7

Groundbased turbines
Vaste kabelverbinding
Ponton
Floating turbines

11‐3‐2013

8

11‐3‐2013

9

• Kansen voor West (EFRD) – know‐how
development & exchange on
– Offshore tidal energy
– ‘Energy barrages/dams’

• EU MaRINET (free access)
• Chairing the Dutch committee on
standardization IEC TC4/TC114
11‐3‐2013

10

• Leading Dutch test centre for marine energy
projects (both low head and kinetic devices) with
locations in Afsluitdijk, Marsdiep and
Grevelingendam
• Stimulate and initiate new research areas in
collaboration with ECN, NIOZ, DELTARES, MARIN
etc
• Establish Dutch cluster of industrial companies
for engineering & fabrication of devices
11‐3‐2013

11

• International collaboration with EMEC, Test
site Bordeaux, also US, Canada, Chili, South‐
Korea, Japan etc
• Actively participate in standardization
• Round Robin testing

11‐3‐2013

12

Jens Peter Kofoed, Morten Kramer, Laurent Marquis
“Workshop I – Open Water Testing”
Annex V – Ocean Energy Device Project Information and Experience
Location: The Gresham Hotel, Dublin, Ireland
15 – 16 October 2012

Wave Energy Research Group
 At Aalborg University,








Department of Civil Engineering,
Division of Water & Soil
Staff: 10-15
Profile:
Waves, Mechanics,
Hydro Dynamics, Control
Experimentiel testing in lab. and at sea
2x 3-D wave tanks, wave and current flumes
Active in Nissum Bredning and DanWEC
Instrumentation for measuring “anything” Numerical modelling

Wave Energy Research Group
 Have been involved in more than 40+

concepts/projects over the past 12-14
years
Partner in 4 ongoing EU financed
projects
Involved in all primary Danish, and
numerous international, concept
developments within the sector
International standardization efforts and
other cross national activities (IEC, IEAOES, EERA …)
Teaching, courses (Ph.D./external)
Arranging EWTEC 2013 in Aalborg







• Established in 2003
• Wave Star A/S 2010 (100% owned by the Clausen family from Danfoss)
Test machine
Deployment : 2004-2005
Scale: 1/40
Float diameter: 0.25 m

Test machine
Deployment : 2006 -2010
Scale: 1/10
Float diameter: 1.0m

Demonstrator
Deployment : 2009
Scale: 1/2 section
Float diameter: 5 m
Number of floats : 2

4

Aalborg
University

Nissum
Bredning

Hanstholm

Wavestar scale 1:40
Aalborg University, Denmark

5

Wavestar scale 1:10
Nissum Bredning, Denmark

Normal operation

Storm protection mode

More than 4 years in operation

6

The demonstrator at Hanstholm is a
section of the complete machine

7

The location for the Hanstholm demonstrator

Roshage Pier
Hanstholm DK

8

The demonstrator was built in Gdansk in Poland
and towed to Denmark in August 2009

9

The jacking system was tested in a
dry dock in Frederikshavn, Denmark
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The Wavestar demonstrator was installed from a
barge in September 2009 and it is accessible in any
weather via a 300 m long access bridge

Gangway
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The demonstrator at Hanstholm

12

Footbridge 4 m above top of pier

The 19th of September 2009 the installation was finalized
and the machine was placed in storm protection
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A bridge was built during the autumn 2009,
and the first guests visited the plant during COP15.
The machine has been supplying electricity to the grid since February 2010.
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Details inside

Jacking system and hydraulic system
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Details outside

Arms and floats
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Details outside

Bearings for arms
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Three years of experience at real sea with five
major storms

In general there has been no major problem with the design of the prototype. All structural
and mechanical components in the WEC have proven functionality as intended. The WEC
has survived five large storms with no damages and no service afterwards (Storms officially
registered by the Danish Meteorological Institute on 18/11 2009, 7-8/2 2011, 27-28/11 2011,
8-9/12 2011, 3-4/1 2012). Only minor design faults with the float design and the jackingsystem has been identified and corrected. The WEC is running in automatic unmanned
operation and the control system automatically extracts the floats from the water lifting them
to the upper latched position when needed.
18

Generated energy
gy and operational
p
time 2010-2012

96% production time in average from feb. 2012
75% production time in average 2011

Hydraulic energy [MWh]

Electrical energy [MWh]

PTO efficiency [%]

May-10 to Sep-11 (phase 1)

Period

51.6

6.9

13.3

Oct-11 to Jan-12

9.4

4.9

52.6

Feb-12 to Apr-12 (phase 2)

19.5

11.0

56.5

May-10 to Apr-12

80.5

22.8
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Power measurements from
the Hanstholm test unit
Measured Sept 2010 to Sept 2011 (control generation 3)
Measured June 2010 (control generation 2)
Measured May 2010 (control generation 1)
Simulation (control generation 3)
ForskVE limit for subsidies

• Red data points are 30 minute average values of harvested power from one float (hydraulic power leaving one cylinder)
• 5740 red data points are shown corresponding to 120 days of full operation
• A typical wave period for the Hanstholm location is used for the simulated curve
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Approved by
EnergiNet is a non-profit enterprise owned by the Danish Climate and Energy Ministry

If the measured production is above the limit,
subsidies are recieved from EnergiNet

Measured production

Limit for subsidies

Example of measured data from the Roshage test unit (10 min average values):
PLC_Datetime
21/09/10 09:20
21/09/10 09:30
21/09/10 09:40
21/09/10 09:50
21/09/10 10:00
21/09/10 10:10
21/09/10 10:20
21/09/10 10:30
21/09/10 10:40
21/09/10 10:50
21/09/10 11:00
21/09/10 11:10
21/09/10 11:20
21/09/10 11:30
21/09/10 11:40

AllDataValid
[%]
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Hs
[m]
2.08
1.91
1.94
2.01
2.03
2.17
2.01
2.01
2.10
2.03
1.83
1.97
1.89
1.97
1 93

Tmean
[s]
4.72
4.31
4.10
3.95
4.47
4.23
4.39
4.14
4.27
4.01
4.13
4.28
3.91
4.34
4 29

P_TwoFloats
[kW]
48.98
37.50
38.02
33.69
39.91
42.91
38.94
39.84
40.97
41.76
32.29
37.60
36.32
36.78
40 44

ForskVE_limit
[kW]
34.24
28.71
29.80
32.07
32.85
37.42
32.04
32.02
35.12
32.55
26.21
30.71
28.19
30.64
29 50

AboveLimit
[True/False]
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True

Power numbers in kW are measured harvested power (hydraulic power leaving the two cylinders).
Wave climate is calculated using wave measurements at the location.

21

See more at the ICOE2012 conference
Title
Authors
Introduction of Wavestar Wave Energy Converters at the Danish
offshore wind power plant Horns Rev 2
L. Marquis, M.M. Kramer, J. Kringelum, J.F. Chozas, N.E. Helstrup
Early Performance Assessment of the Electrical Output of Wavestar’s
prototype
E. Vidal, R.H. Hansen, M.M. Kramer
Combined Production of a full-scale Wave Converter and a full-scale
Wind Turbine – a Real Case Study
J. Fernández Chozas, M.M. Kramer, H.C. Sørensen, J.P. Kofoed
Comparison between linear numerical models and experimental results
on a Wavestar point absorber
M.M. Kramer, A. Zurkinden, E. Vidal, R.H. Hansen
Reliability Assessment of Wave Energy Devices
S. Ambühl, M.M. Kramer, J.P. Kofoed, J.D. Sørensen
Assessing the structural forces in the Wavestar wave energy converter,
using a coupled hydro-elastic methodology
B. Borgarino, A. Babarit, Jitendra Singh, M.M. Kramer
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PORTUGAL
Open Water Test Sites
Ana Brito e Melo
CEO
WavEC

The Ocean Energy System Workshop on Open Water Test Sites
Inaugural Workshop under Ocean Energy Systems (OES) Annex V
15-16 October 2012, Dublin, Ireland

• Session 1: Operational Facilities
• Session 2: Planned or Under Development
Facilities
• Session 3: Device Developers
• Pico Plant , WavEC

Pico Island: Remote Location

A wave energy plant in the Atlantic Ocean
Pico island, Azores
• Good wave resource
• Good accessibility
• Adequate depths
• Proximity to the electrical grid
• Interest from the regional electrical utility

Rocky Coast

A calm day

Construction

Construction

Overall conception
 400 kW Rated Power
 Bottom-standing OWC at the shoreline (8 m depth)
 Power take-off equipment:
- One horizontal axis Wells turbine
- One wound-rotor induction generator, variable speed
- By pass relief vale, and two stop valves (isolation valve and fast acting valve)

Conversion chain

Incident
Power

Pneumatic
Power

Power at
the turbine
shaft

Electric
Power
output

Turbine-generator room

Existing duct and isolation gate on the right‐hand side, to the wave chamber for a
second turbine duct (possibility to install a new duct for test purposes of equipments
up to 700kW turbo generation sets)

Key components

Control equipment near
the turbine in the initial
times

Change of the location of the control equipment

Control Room
Plant

Relief Valve

Cross‐Section of “REAL SCALE LABORATORY”

12m
17

History
1993 – 1999 | Project was first EC-funded wave power plant led by IST;
difficulties in implementation
Practically abandoned by 2002;
Recovery project (WavEC 2004/06)

Plant operation remained difficult
and sporadic due to original
design/construction flaws

Milestone 2009 | Problem of vibrations of the turbo-generator group solved
Milestone 2010 | Autonomous operation of the plant  full yield of objectives
Proof of Technology | Sept-Dec. 2010 autonomous (2010: > 1400h operational)

Electricity sold to the grid

Accumulated OWC Pico Plant Production (kWh)

30000

25000

~7000
EUR

25343 kWh

20000
Estimated Energy
15000
EDA's Counter (Regional Utility)
10000

5000

O&M annual
50~100k€

0
01/01/10

02/03/10

02/05/10

02/07/10

01/09/10

01/11/10

01/01/1

How real data fits with experimental results?
• Good agreement for the methodologies in terms of tendency

How real data fits with experimental results?
Caracteristic curve of the turbine
U* 



2

qt



1.5

Non dimensional air flow

1

R 3 π 1  Ri R 2

Real data

0.5
0
-0.4

-0.3

-0.2

-0.1

0
-0.5
-1

0.1

0.2

0.3

0.4

Experimental
results

p  p (  R )
*

2

2

Non dimensional air pressure

R  1.145 m

-1.5

Ri / R  0.58

-2
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How real data fits with numerical estimates?
Average electrical power output

The inertia of the turbine allows smoothing the electrical power output
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Feb 2010 – May 2010
The first serious production tests began on Pico including a 100hrs test
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Jun 2010 – Aug 2010
Reducing noise in signals used by automatic operation system
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Sep 2010 – Dec 2010
First long period of operation with no significant failures ‐ good production levels
without significant failures for 3 months, in complete autonomous mode,
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Jan 2011
Removal of damaged guide vane and ring inspection leading to damage of generator
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Feb 2011 – Aug 2011
Diagnosing generator failure and major repair operation
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Sep 2011 – Oct 2011
Production recommences but with the inverter system displaying errors
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First hand experience ‐ Nov 2011 – Jan 2012
Multiple components failures
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First hand experience ‐ Feb 2012
Inverter controller malfunction were found to be caused by depleted battery. Battery
was replaced and the controller reprogrammed, production at Pico recommences.
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VISION: PICO Full‐Scale Test Centre
Pico OWC part of the large-scale
infrastructure network MariNET

•
•
•

One half of the structure available for
full-scale turbine testing (commercial
interest for OWC developers)

continuous maintenance program for the existing turbine,
significant improvements of the surroundings,
promotion to regional and international stakeholders.

FREE ACCESS TO WAVE, TIDAL AND OFFSHORE‐WIND TESTING FACILITIES
OPEN TO LARGE AND SMALL COMPANIES , RESEARCH ORGANISATIONS,
UNIVERSITY GROUPS ETC.
Pico plant is part of this network

MariNET
• Pico plant can receive a
new PTO side by side with
the existing one
• Real sea testing facility for
auxiliary equipments
(sensors, valves, etc)
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Concluding remarks

• One of the most documented full-scale wave energy project to date
http://www.pico-owc.net/
• Original parts inadequate (turbine support, stator, bearings)
• Operational environment requires extraordinary measures
• Sea state previsions do not permit ‘straight’ maintenance plan
• Distance to the continent (personnel and equipment logistics)
• Visual and noise impact (with/without turbine)

Ana Brito e Melo
WAVEC
ana@wavec.org

Thank you

The RITE Project:
Marine Hydrokinetic Pilot Project
and Test Site
Ron Smith
Ocean Energy Systems 2012
Workshop on Open Water Test Sites - OES Annex V
October 2012

Overview
•

The Roosevelt Island Tidal Energy
(RITE) Project
• Background
• Development & Accomplishments
• Technology Evolution

•

Site Characteristics
• Technical and Physical

•

Future Opportunities
2

The RITE Project

In the heart of Manhattan –
East River (East Channel)

3

Stakeholder/Partner
Engagement
Major Metropolitan Area Multitude of
Stakeholders/Partners
Strong Working
Relationships
• Users
• Science & Regulatory
Communities
• Commercial Partners

4

Technology Overview
Kinetic Hydropower System
(KHPS)
• Water-to-wire system
• Three-bladed horizontal-axis
turbine
• Simple and scalable
• Can be anchored via monopile,
gravity base, triframe
• 5th Generation design
• R&D Support: US DOE, NRCan,
others
5

The RITE Project:
Development
2002-06
• Early generation testing
2006-09
• Grid-connected array
(Gen4 KHPS, 6 turbines)
2010-Present
• FERC License (Jan 2012)
• In-Water Test of Gen5 rotor
• Gen5 KHPS manufacture
Future
• Build out RITE to 1 MW
• Opportunities for others as
a test site
6

KHPS Evolution: Gen5

7

RITE Accomplishments
MHK Energy Delivery
• Commercial End-Users
(First in US)
Multi-Turbine Operation
• First grid-connected array
configuration
Environmental
• First comprehensive studies
in US
Install Procedures
• 11 installs to date
• Monopiles – Rugged; Suitable for
multiple testing scenarios
8

Recent Activity at RITE
In-water dynamometry test of Gen5
KHPS turbine rotor (Aug/Sept 2012)
• Composite blades
• US DOE supported
• All objectives achieved
2-week test protocol via RITE
Project Control
Room/Instrumentation
• Structural performance &
environmental compatibility
Environmental Observation
• DIDSON

9

RITE as Test Site
Fully permitted for 1 MW
Project (30 turbines)
• 21 acres area
• Test site within Pilot
Project
Site Lease
(New York State)
USCG Exclusion Zone
• Work within exclusion
zone is unrestricted 50
weeks of year
10

RITE Site Characteristics
Location, Location, Location…
• Water Resource
• Velocities
• Bathymetry
• Proximity to Support
Services
• Marine Contractors
• Facilities
• Logistics
• Operational Infrastructure
• Monitoring Instrumentation
• Interconnection
11

RITE Characteristics:
Water Resource
Depth: ~ 10m

Oct. 16, 2012

Tidal Flows:
• Velocities
• Peak: 2.1 - 2.5 m/s
• Extreme: 3.0 m/s
• Predictable:
• Tide heights
• Current flows
• Slack times
• Water Level Variation:
• Typical: 1.5m
• Extreme: 2.2m
• Turbulence - TI at:
• 1.5 m/s: Ebb ~20%, Fld ~18%
• 2.0 m/s: Ebb ~18%, Fld ~14.5%

Extreme Events - Waves, Winds:
• Flows highly independent of weather - 3 tropical storms
• Sheltered from major events
• Boat wakes likely more significant due to tidal strait
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RITE Characteristics:
Water Resource

Seabed: Weathered rock (gneiss) with boulders up to 1m
13

RITE Characteristics:
Proximity to Support Services

Airports: Very close to LaGuardia; close to JFK, Newark
Port Facilities: Practical distance from several, including Bayonne, Elizabeth,
Brooklyn Navy Yard, Hudson River, Long Island Sound.
Marine Services: Vessels, cranes, divers, engineering, machine shops
14

RITE Characteristics:
Operational Infrastructure

RITE Control Room - Multipurpose
15

RITE Characteristics:
Operational Infrastructure
Site Instrumentation:
• Current Measurements - ADCPs
• Water Level
• Water/Air Temperature
• Onshore Video Monitoring
Additional Instrumentation:
• ADVs(at Hub Height)
• DIDSON
• Hydrophones
Interconnection:
• Grid Interconnection Onshore 480VAC (60Hz 3ph) and 13.8kV
16

RITE Environmental Monitoring
Extending environmental work to other sites: Micro, Meso and Macro Scales

Micro: Around Turbine
(Short-Term)

Meso: Within Array
(Medium-Term (Pilot))

Macro: Beyond Project
Boundary (Long-Term)

Test Centers

+++

+ for techniques

+ for models

RITE
Demonstration
and Pilot Projects

+++

+++ only way to understand
multiple turbines

+++ with partners to validate
models

17

Future Opportunities at RITE
RITE Pilot Project
• Commercial operation, energy
delivery utilizing Verdant Power
KHPS (Gen5)
• Fully permitted – 2012-22
• Pending PPA in 2013
• Up to 30 turbines
• Environmental monitoring
program established
• Commercial MHK delivered in
one of world’s largest cities

18

Future Opportunities at RITE
Third-Party Testing
(at TRL 5/6 or 7/8)
• Highly accessible, fully permitted site
• Demonstrated productive tidal
resource with balanced flows
• Extensively studied: Resource,
Technical, Environmental
• Established testing and
interconnection infrastructure
• Proximity for cabling (<500 ft)
• Verdant experience to help secure
permits/amendments as needed
• Flexible arrangements for using
existing/additional instrumentation
and measurement systems
19

Thank You

Ron Smith
Verdant Power
1-212-888-8887, ext. 601
rsmith@verdantpower.com

www.verdantpower.com
www.theriteproject.com
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Slide
©
OpenHydro
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Open-Centre Turbine
Open-Centre Turbine
 The key to the Open-Centre Turbine
lies in the simplicity of design.
 If a turbine is to survive in the
marine environment it is essential
that it be both simple and robust.
 OpenHydro owns the worldwide
rights to the technology; portfolio of
over 30 secured or pending patents.
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OpenHydro Turbine Scale

Slide 6 | © OpenHydro Group Limited 2011

OpenHydro System Overview
• Device type: Tidal stream turbine
• Resource Energy: Highly dependant on specific site
• Turbine Scale & Rating:
• EMEC test size

ø6m, 250kW

• Commercial

ø16m, 2,200kW

• Next Generation

ø20m, >3,500kW

• Array Scale:
• Pilot Arrays

20MW to 40MW

• Commercial Farms

100MW to 300MW
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Turbine Testing
EMEC


OpenHydro continues
to use the European
Marine Energy Centre
(EMEC) in Orkney as
its base for turbine
testing.



Tidal flows up to 4m/s
with a water depth at
the OpenHydro test
site of 16m.

Slide 9 | © OpenHydro Group Limited 2011

Turbine Testing
Lease


We have recently extended our lease by a
further 5 years to 2017.

Turbine Performance & Durability


The focus during 2012 has been on turbine
performance and durability.

Testing Plan for 2013


New 7th generation turbine installation 2012.



Continued durability testing.



Power conversion and control system
development.
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Turbine Testing 2012

 Between January 2012 and the start of
August, OCT-06-06 has completed 3,187
hours with an availability of 97.5%.
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Turbine Testing - Environmental
Environmental
 A detailed programme of environmental monitoring is on-going at the EMEC facility.

 Other projects are adding to this information base: EDF, SnoPUD

Slide 13 | © OpenHydro Group Limited 2011

Turbine Testing – Environmental & Resource
Areas of testing and assessment
• System impact on marine mammals
• System impact on marine life in general
• Understanding the makeup of tidal flows
Projects supporting environmental
testing
• EMEC (Scotland)
• Paimpol-Bréhat (France)
• SnoPUD (WA – USA)

Slide 14 | © OpenHydro Group Limited 2011

Turbine Testing
Lessons Learnt
 The installation at EMEC provides
OpenHydro with an invaluable platform for
tidal turbine research and development.
 OpenHydro’s team have unique
knowledge and experience of operating in
strong tidal sites and with grid connection.
 For commercial deployments, OpenHydro
do not regard piled structures as viable.
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Subsea Installation
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Subsea Installation
Turbine Installation & Recovery
 Turbine installation and recovery demonstrated in Scotland, Canada and France.
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Pre-Commercial Testing – EDF/Paimpol-Bréhat
EDF Paimpol-Bréhat Project
 The EDF Paimpol-Bréhat project will see OpenHydro initially install a single 16m
turbine followed by an array of grid connected units.
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EDF – 16m Turbine Development
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EDF

Slide 22 | © OpenHydro Group Limited 2011

EDF –Project Operations
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EDF – Turbine Deployment Barge
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EDF – 2012 Recovery Operation
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Lessons Learnt
EMEC Test Platform
• Discrete facility allowing us to learn about our
technology & the environmental condition it
needs to survive in
• Allows relatively easy access for inspections,
maintenance and turbine exchange
• Invaluable environmental assessment facility

Deployment Methodology
• EMEC type installation unsuitable for
commercial arrays
• OpenHydro developed system allows rapid and
therefore economic deployment of turbines
• This allows us to install pilot demonstration
projects at relatively low cost
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OES Annex V
ORPC TidGen™ and RivGen™ Device Devlopment

Jarlath McEntee, CTO & VP Engineering
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TidGen™ Bottom Support Frame Deployment
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TidGen™ Turbine Generator Unit
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TidGen™ TGU Deployment
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RivGen™ TGU
• RivGen™
• 50kW system, 40 feet x 10 feet
• Base system tested in Nikiski, Alaska
• TGU tested in Eastport, Maine
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RivGen™ TGU – Eastport, Maine
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RivGen™ TGU – Energy Tide 2, Eastport
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RivGen™ Base System- Nikiski, Alaska
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Maine Test Facility Description
• ORPC established our own test facilities
• Energy Tide 2 test vessel
• Beta TidGen™ testing
• RivGen™ testing

• Cobscook Bay Tidal Energy Project
• FERC permitted grid connected project
• TidGen™ testing

• Western Passage OCGen™ test site
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Infrastructure Required
• Port of Eastport
• Two cargo ports within 2 miles
• Tug fleet
• Port Pilots and crew
• Energy Tide 2
• A specially built test vessel for under-slung cross
flow turbines
• JV between ORPC and Port of Eastport
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Infrastructure Required
• Extensive Lay Down Yard
• Eastport Boat School yard
• Granite 10m wide boat ramp
• Indoor paint facilities
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Infrastructure Required
• Contractors
• Boat service
• Dive services
• Scuba
• Hardhat

• Environmental monitoring

www.orpc.co
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Test Facility Description
• Construction
•
•
•
•
•

Heavy lift equipment
Ancillary cranes
Deployment barges
Mooring systems
Fabrication shops
• Mobile
• Local
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Test Facility Description
• All of the above is within 3 nautical miles of
test sites
• Test sites are relatively protected from the
open ocean
• Significant wave height < 1m
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Eastport
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Test Support & Planning
• An extensive effort to test
• Instrumentation
• Data acquisition
• Data analysis

• All done by ORPC staff and select
contractors
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Test Support & Planning
• Performance tests
• Performed to ORPC internal procedures
• Performed to IEC 114/93/DTS

• Life testing
• Performed to ORPC procedures

• Environmental Data
• Analysis generally performed by contractors or
the University of Maine School of Marine Science
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Test Verification
• ORPC data verification is performed by third
parties
• Maine Maritime Academy
• others….
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Extreme Events
• From a weather perspective the sites are
relatively well protected, however
• Safety first
• Retrieval of systems is only conducted under
appropriate weather and tide conditions
• Required barges, cranes, tugs and crews are
located locally and can be activated within
hours
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Unexpected issues
• Pay attention to geotechnical engineering
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Thank you!
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