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Preface
The United States Department of Energy is funding the management and operational costs of the Ocean
Energy System (OES) Task 5 Workshops and the United States is serving as the Operating Agent for Task
5. Each of the participating countries is independently funding their activities in the Annex. Task 5
workshops are managed and administered under the sponsorship of the Ocean Energy Systems
Executive Committee by:



Alison LaBonte, U.S. Member to the OES Agreement, U.S. Department of Energy,
Robert Thresher, U.S. Alternate Member to the OES Agreement, National Renewable Energy
Laboratory

The Workshop Sponsors and Host
The workshop was organized by the U.S. Department of Energy, hosted by the Swedish Energy Agency
and facilitated by Robert Thresher of the National Renewable Energy Laboratory and Henry Jeffrey of
the University of Edinburgh. The workshop was held at the Hotel Scandic Crown in Smogen, Sweden on
May 12, 2016.
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
This information exchange workshop was focused on the lessons learnt from various policies and other
support measures implemented in OES member countries. Through knowledge sharing and
collaborative analysis of impacts on the ocean energy sector, it is intended that lessons may be learnt
from the results of these instruments, allowing future policies and support measures to be designed in a
more informed and effective manner.
Given the core vision and goals of the OES initiative, the ultimate aim of this workshop was to identify
ways in which policy instruments may be used to accelerate development of the ocean energy sector.
Central to this goal is the need to foster significant reductions in the cost of energy supplied. Breaking
this down further, improvements in the affordability, performance, availability and survivability of
marine energy technology will be required in order to effectively tackle cost.
Presentations comprising this workshop identified and analyze previously implemented policy and
support measures, but also included ideas for future implementations. Topics of particular interest
were the following:
1. Policies which accelerate development and cost reduction by supporting improvements in the
affordability, performance, availability and survivability of ocean energy technologies.
2. Innovative financing structures which act to reduce the risk borne by investors in early stage
ocean energy technologies.
3. Policies which make markets with high energy prices more accessible to developers, allowing
profitability at a higher cost of energy.
4. Ideas for accelerating learning rates in ocean energy development, particularly when moving the
sector towards greater scales of deployment.
5. Innovative methods of assessing and comparing early stage technologies. For instance, accurate
LCOE assessments can be difficult to achieve with low levels of experience during early stage
development. Alternative metrics, such as ones based on affordability, performance, availability
and survivability, may prove more appropriate.
The duration of the workshop was 1 day. Following eight brief presentations on ocean policy experience
in various countries, there was a period of extended discussion in small working groups in which the
participants were asked to discuss and provide a brief written response to the following four questions:
1. What lessons have been learnt from this past experience? What went well and what didn’t work
as well?
2. What recommendations would you suggest to improve on existing policies?
3. What new approaches do you recommend?
4. What might the OES, EERA and OCEANERA‐NET be able to do to assist in improving policies and
accelerating ocean energy development?
Workshop participant responses to the four questions were grouped into similar categories of response.
Then an overall synopsis of the responses was written that incorporated the major points in a narrative
form. The results are presented below for each of the four questions. However the reader should
understand that this process did require a degree of interpretation and the responses presented below
represent a best effort to communicate the responses in a simple narrative form. These results are
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intended to provide feedback to policy makers on ideas and approaches to improve the effectiveness of
future ocean energy policies. However, they do not represent the position of the OES and are not
endorsed by the OES. They are simply the opinions expressed by the individual participants in this
workshop. In addition, the responses to the last question were intended to provide helpful suggestions
to OES, EERA and OCEANERA‐NET on how they could contribute to improving ocean energy policies
going forward.
Question 1: What lessons have been learnt from past ocean energy policy experience? What went well
and what didn’t work as well?
A. Synopsis of what worked well:
Ocean energy policies that worked well were those where funding agent policies have been flexible,
agents worked closely with industry, and have been responsive to their needs. In addition, an
incremental approach to development at a modest scale and in collaboration with universities was
identified as being productive. The utilization of local resources was seen as a positive, and for
countries with modest wave resources early international collaboration has assisted technology
developers.
B. Synopsis of what didn’t work well:
Areas where current policies were seen as not working well were where funding agencies had
expectations that were too optimistic regarding the cost and time to develop ocean energy
technologies. The groups identified the need for more fundamental research and a longer term
development strategy. Due to the high expectations and short timelines some ambitious projects
have resulted in failures and the lessons learned both good and bad have not been openly shared.
Question 2: What recommendation would you suggest to improve on existing policies?
A. Synopsis recommendations concerning policy structures and market development:
The workshop participants recommended that there should be clear, specifically tailored policies
addressing ocean energy technology development with associated funding levels and realistic
timelines. The policies should create targeted stepping stone markets and incentivize early
development and deployment of ocean energy technologies to prove their viability in realistic
commercial applications. Collaboration to exchange information on policies and markets both
nationally and internationally would be beneficial to establishing the viability of the ocean energy
industry globally. Policy makers should communicate clear and realistic information to the public on
the status and expectations for ocean energy nationally and internationally.
B. Synopsis recommendations for R&D project selection and funding:
The participants recommended that the project selection process needs to employ a lifecycle review
that considers performance, mooring, installation, O&M, cost, and other holistic attributes prior to
funding to better assess the viability and commercial potential of proposed concepts. The funding
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needs to be flexible and tailored to the developers needs, and be as continuous as possible to
eliminate disruptive gaps and research team disintegration.
C. Synopsis recommendations on the development approach and timeline:
The participants recommended that technology development should employ a step‐by‐step stage‐
gate process for approving funding and advancement to the next stage, which is guided by a well
vetted set of metrics. The timeline and funding should be realistic and well informed by past national
and international experience. Failures should be anticipated because there are significant
uncertainties in the ocean energy development process.
Question 3: What new approaches do you recommend?
A. Synopsis of recommendation for new approaches for R&D:
The workshop participants recommended that there should be a long term focus for the ocean
energy development programs with more emphasis on research and development. As already
mentioned in the synopsis for question 2‐C, a risk tolerant approach to R&D with stage gates and
lifecycle assessment is recommended. Make use of competitions offering prizes to excite the public
about ocean energy and to incentivize accomplishment of important R&D goals, such as a prize for
continuous device performance in a real operating environment.
B. Synopsis of recommendation for new approaches for R&D management:
As already noted, the participants recommended that R&D should employ a step‐by‐step stage‐gate
process and life cycle assessment, which is guided by a well vetted international agreed upon set of
metrics.
C. Synopsis recommendations on the development approach and timeline:
The participants recommended that technology development should employ a step‐by‐step stage‐
gate process for approving funding and advancement to the next stage, which is guided by a well
vetted set of metrics. The timeline and funding should be realistic and well informed by past national
and international experience. Failures should be anticipated because there are significant
uncertainties in the ocean energy development process.
D. Synopsis of recommendations for collaboration and information sharing:
The participants strongly recommended more communication, collaboration, and data sharing to
address several different technical and manufacturing challenges. They encouraged sharing of all
types of R&D information both nationally and internationally, such as the U.S. marine energy data
base, as well as supply chain collaboration, and even felt that it could be financially incentivized. One
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group advocated the use of failure investigation teams, similar to those used in aircraft industry, to
determine the root cause of failures and share the results publically.
Question 4: What might the OES, EERA and OCEANERA‐NET be able to do to assist in improving policies
and accelerating ocean energy development?
A. Synopsis of recommendation for OES, EERA and OCEANERA‐NET on how they could provide
consensus guidance to improve policies and accelerate development:
The workshop participants recommended that OES, EERA and OCEANERA‐NET work to develop
internationally accepted technical benchmarks, stage‐gate criteria, and metrics to guide ocean
energy development and solve problems.
B. Synopsis of recommendation for OES, EERA and OCEANERA‐NET on collaborating internationally to
improve policies and accelerate development of ocean energy:
The workshop participants recommended that OES, EERA and OCEANERA‐NET develop international
workshops, seminars, webinars and expert meetings to inform, discuss and improve policies on
ocean energy. In addition, OES, EERA and OCEANERA‐NET can accelerate ocean energy development
by supporting the dissemination of accurate and trustworthy information on ocean energy through
databases, webinars, workshops, conferences and other forums. They should also explore the
possibility of stronger collaboration between the various ocean energy testing stations under an
international banner.
C. Synopsis of recommendation for OES, EERA and OCEANERA‐NET on communicating internationally to
improve policies and accelerate development of ocean energy:
The workshop participants recommended that OES, EERA and OCEANERA‐NET use their positions as
trusted independent and unbiased sources of information to inform policy makers and the public on
the current status of ocean energy technology and its benefits. These organizations should also
provide an appropriate forum for communicating and sharing ocean energy successes, as well as
lessons learned from ongoing international research and development.
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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. 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.

OES Task 5: Exchange and Assessment of Ocean Energy information
Task 5 Scope
The OES Task 5 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
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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.
The primary purpose of the Annex is to 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. 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.

Task 5 Objectives and Expected Results
The overarching objective of the 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 Task 5 Approach and Methodology
OES Task 5, entitled The Exchange and Assessment of Ocean Energy Device Project Information and
Sharing, aims to facilitate the exchange and assessment of ocean energy project information and
experience from participating member countries in order to foster a better understanding and
accelerate the development of ocean energy technologies. To this end, a series of workshops will be
held, bringing together international experts to collaborate on development policies, methods and
approaches.
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. Additional information on the overall work program and objects for Task 5 and reports
from previous workshops can found on the Ocean Energy Systems website at www.ocean‐energy‐
systems.org.
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Goal of Workshop 4
This information exchange workshop will focus on the lessons learnt from various policies and other
support measures implemented in OES member countries. Through knowledge sharing and
collaborative analysis of impacts on the ocean energy sector, it is intended that lessons may be learnt
from the results of these instruments, allowing future policies and support measures to be designed in a
more informed and effective manner.
Given the core vision and goals of the OES initiative, the ultimate aim of this workshop will be to identify
ways in which policy instruments may be used to accelerate development of the ocean energy sector.
Central to this goal is the need to foster significant reductions in the cost of energy supplied. Breaking
this down further, improvements in the affordability, performance, availability and survivability of
marine energy technology will be required in order to effectively tackle cost.

Workshop Scope
Presentations comprising this workshop identified and analyze previously implemented policy and
support measures, but also included ideas for future implementations. Topics of particular interest
were the following:
1. Policies which accelerate development and cost reduction by supporting improvements in the
affordability, performance, availability and survivability of ocean energy technologies.
2. Innovative financing structures which act to reduce the risk borne by investors in early stage
ocean energy technologies.
3. Policies which make markets with high energy prices more accessible to developers, allowing
profitability at a higher cost of energy.
4. Ideas for accelerating learning rates in ocean energy development, particularly when moving the
sector towards greater scales of deployment.
5. Innovative methods of assessing and comparing early stage technologies. For instance, accurate
LCOE assessments can be difficult to achieve with low levels of experience during early stage
development. Alternative metrics, such as ones based on affordability, performance, availability
and survivability, may prove more appropriate.

Workshop Format
The duration of the workshop was 1 day. Following the eight brief presentations on experiences with
ocean policy in various countries, there was a period of extended discussion in small working groups in
which the participants were asked to discuss and provide a brief written response to the following four
questions:
1. What lessons have been learnt from this past experience? What went well and what didn’t work as
well?
2. What recommendations would you suggest to improve on existing policies?
3. What new approaches do you recommend?
4. What might the OES, EERA and OCEANERA‐NET be able to do to assist in improving policies and
accelerating ocean energy development?
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Agenda for Ocean Energy Systems Workshop III

Time
Presenter
Topics
9:00 – 9:10 am
Bob Thresher, USA
Introductions, Workshop Process, and Objectives
1. Country Policy Presentation Session I
9:10 – 9:30 am
Henry Jeffrey
Wave Energy Scotland – Strategy and Research
9:30 – 9:50 am
Janine Kellett
Scotland’s Marine Energy Policy
9:50 – 10:10 am
Jose Luis Villate
Basque Country Experience
10:10 – 10:30 am
Kim Nielsen
Danish Experience & Initiatives
10:30 – 10:50 am
Break
2. Country Policy Presentation Session II
11:00 –11:20 pm
Mr. Gonçalo Zagalo
Ocean Policy in Portugal
11:20 – 11:40 pm
Annie Dallman
U.S. Ocean Policy Experience
Maria Olsson
Sweden Policy Experience
11:40 – 12:00 pm
Bob Thresher (Shared time) Lessons from U.S. Wind Energy
12:00– 1:30 pm
Lunch and Open Discussion
3. Open Discussion
Discussion Facilitators
Discussion Questions to Address
1. What lessons have been learnt from this past
experience? What went well and what didn’t
Henry Jeffrey
work as well?
University of Edinburgh
2. What recommendations would you suggest to
improve on existing policies?
1:30 – 2:45 pm
Bob Thresher
3. What new approaches do you recommend?
NREL
4. What might the OES, EERA and OCEANERA‐NET
be able to do to assist in improving policies and
accelerating ocean energy development?
2:45‐ 3:15 pm
3:15 – 4:00 pm
4:00 pm

Break
Workshop Summary and Conclusions: Develop bullet list of the major conclusions
from the workshop to be published in the workshop report.
Adjourn – Take bus to Gothenburg
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List of Attendees for the Ocean Policy Workshop
Name

Email

Thresher, Bob
Jeffrey, Henry
Olsson, Maria
Villagurua, Marimar
Cayocca, Kelly
Villate, Jose Luis
Nielsen, Kim
Huckerby, John
Dallman, Ann
Zagalo, Goncalu
Georgesan, Mark
Reijnders,Jos
Abaitua, Ignacio
Ajuria, Olatz
Valimal, Purnima
Hwa Song, Kyung
Hung Jun, Jea
Hong, Keyyong
Ikegami, Yasu
Lubert, Sebastian
Hytch, David
Kellett, Janine
Coles, Susanne
Brito Melo, Ana

Robert.thresher@nrel.gov
Henry.jeffrey@ed.ac.uk
Maria.olsson@energimyndigheten.se
Marimar.villagarua@plocan.eu
kcayocca@france‐energies‐marines.org
Joseluis.villate@tecnalia.com
kin@ramboll.dk
John.huckerby@powerprojects.co.nz
ardallm@sandia.gov
Goncalu.zagalu@fct.pt
Mark.georgesan@scotent.co.uk
Jos.reijnders@rvo.nl
iabaitua@gruposodercan.es
oajuria@eve.es
Purnima@niot.res.in
khsong@kriso.re.kr
Buddy70@korea.kr
khong@kriso.re.kr
ikegami@ioes.saga‐u.ac.jp
slubert@gouv.mc
David.hytch@innovateuk.gov.uk
Janine.kellett@gov.scot
Susanne.coles@ktn.uk.org
ana@wavec.org

Workshop Presentations
This workshop entitled “Ocean Policies: Lessons Learnt” was the fourth and final in a series of Task 5
workshops sponsored by the OES. The workshop was facilitated by Robert Thresher of the National
Renewable Energy Laboratory and Henry Jeffrey of the University of Edinburgh, and organized by the
U.S. Department of Energy; the European Energy research Alliance, OCEANERA‐ NET, and the University
of Edinburgh. The Swedish Energy Agency hosted the workshop, which was held May 12 in Smogen,
Sweden. There were 24 participants from 12 countries. Presentations on ocean policy experience were
given by 8 country speakers to review the status and policy experiences from around the world. The
table below lists the names of the presenters and the title of their presentation
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Presenter
Henry Jeffrey
Janine Kellett
Jose Luis Villate
Kim Nielsen
Mr. Gonçalo Zagalo
Annie Dallman
Maria Olsson
Bob Thresher (Shared time)

Title of Ocean Policy Presentation
Wave Energy Scotland – Strategy and Research
Scotland’s Marine Energy Policy
Basque Country Experience
Danish Experience & Initiatives
Ocean Policy in Portugal
U.S. Ocean Policy Experience
Sweden Policy Experience
Lessons from U.S. Wind Energy

Workshop Results
Workshop participant responses to the four questions were grouped into similar categories of response.
Then an overall synopsis of the responses was written that incorporated the major points in a narrative
form. The results are presented below for each of the four questions. However the reader should
understand that this process did require a degree of interpretation and the responses presented below
represent a best effort to communicate the responses in a simple narrative form. These results are
intended to provide feedback to policy makers on ideas and approaches to improve the effectiveness of
future ocean energy policies. However, they do not represent the position of the OES and are not
endorsed by the OES. They are simply the opinions expressed by the individual participants in this
workshop. In addition, the responses to the last question were intended to provide helpful suggestions
to OES, EERA and OCEANERA‐NET on how they could contribute to improving ocean energy policies
going forward.
Question 1: What lessons have been learnt from past ocean energy policy experience? What went well
and what didn’t work as well?
A. Synopsis of what worked well:
Ocean energy policies that worked well were those where funding agent policies have been flexible,
agents worked closely with industry, and have been responsive to their needs. In addition, an
incremental approach to development at a modest scale and in collaboration with universities was
identified as being productive. The utilization of local resources was seen as a positive, and for
countries with modest wave resources early international collaboration has assisted technology
developers.
Supporting statements from the breakout groups:
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The ability to change direction quickly in response to industry needs (policy), as in Scotland
went well
 The Sea‐based approach of developing smaller prototypes at modest scale (incremental
development) and collaborating with universities participants thought worked well
 There are many devices under development and continued interest which is encouraging, but
moving toward greater design consensus would improve investor confidence and accelerate
investment and commercialization
 Governments are focused on exploiting local resources, which is positive for market
development (e.g. Spain‐regional, and Scotland)
 Tailored support worked well, which involved close collaboration between funder and funded
(e.g. Wave Energy Scotland and WEC Prize)

B. Synopsis of what didn’t work well:
Areas where current policies were seen as not working well were where funding agencies had
expectations that were too optimistic regarding the cost and time to develop ocean energy
technologies. The groups identified the need for more fundamental research and a longer term
development strategy. Due to the high expectations and short timelines some ambitious projects
have resulted in failures and the lessons learned both good and bad have not been openly shared.
Supporting statements from the breakout groups:


We are not very good at openly sharing mistakes, and learning from them:
o It would help development to collect and disseminate data and lessons learned from
current projects and failures
o Prior project reference materials should be published to be able to build on the
‘shoulders of giants’
o Openness about results will help:
 Shared experiences
 Funder‐owned IP may be a step too far
 License & reverting IP on completion of projects
 The lack of synergy between funding agencies and policy makers is not efficient and ways of
improving this should be explored:
o The time needed for ocean technology development and deployment is long and that
must be understood by policy makers and funders
o Misalignment of policy with the needed technology development journey is a problem
o It will take longer with more investment than what has been expected and promised to
develop ocean technology and deploy it (e.g. funding organizations and policy makers
need patience!)
 Setting ambitious R&D targets and rapidly deploying new technologies without a good
fundamental research background is ineffective:
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Setting too ambitious targets without fundamental research can lead to technical
missteps
o Moving too quickly to the get devices in the water at full scale can lead to failures
o A long‐term strategy is required (successful development takes time!)
o Moving too quickly can lead to problems in the selection of projects and reducing the
number of successful applicants
Committing funding to a narrow scope of projects can limit the potential benefits:
o Need a broad range of opportunities with:
 selection based on performance
 with varying performance metrics that consider for example mooring loads,
installed capacity, and other factors
o Funding a select few companies and ideas limits the potential outcomes
o Over‐focus on electrical generating technologies will overlook other important
opportunities
o Governments that put all renewable energies in the same funding and goal basket limits
the opportunity for high potential but less developed technologies like wave energy;
funding levels for each technology should be specified

Question 2: What recommendation would you suggest to improve on existing policies?
A. Synopsis recommendations concerning policy structures and market development:
The workshop participants recommended that there should be clear, specifically tailored policies
addressing ocean energy technology development with associated funding levels and realistic
timelines. The policies should create targeted stepping stone markets and incentivize early
development and deployment of ocean energy technologies to prove their viability in realistic
commercial applications. Collaboration to exchange information on policies and markets both
nationally and internationally would be beneficial to establishing the viability of the ocean energy
industry globally. Policy makers should communicate clear and realistic information to the public on
the status and expectations for ocean energy nationally and internationally.
Supporting statements from the breakout groups:







Specific policies for ocean energy technologies are needed
Adequate funding levels for ocean renewable energy technology R&D and related incentives are
needed to initiate commercialization
Policy clarity on longevity of support and the target markets are needed
A cost benefit analyses of both technology push and market pull policies are needed
Recognize and communicate the actual cost of fossil fuels
Tailored support for wave and tidal technologies is needed
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Recognize the initial higher cost of ocean technologies and develop remote coastal markets as
stepping stones to the lower cost markets
Use international collaboration to establish policy frameworks
Need a virtual market in order to make progress on development; keep developers engaged
(e.g. niche markets). Short‐term markets are needed: for example an incentivized market (e.g.
Indonesia)
Clarify public perceptions about the difference between wind and marine energy and the
difference in their development status
Need to focus regionally to show the commercial benefits to the public
Incentivize collaboration between industry, research institutions, and government to accelerate
learning
Need collaboration: incentivize exchange of experience nationally and internationally to
accelerate learning

B. Synopsis recommendations for R&D project selection and funding:
The participants recommended that the project selection process needs to employ a lifecycle review
that considers performance, mooring, installation, O&M, cost, and other holistic attributes prior to
funding to better assess the viability and commercial potential of proposed concepts. The funding
needs to be flexible and tailored to the developers needs, and be as continuous as possible to
eliminate disruptive gaps and research team disintegration.
Supporting statements from the breakout groups:









Continue to be flexible about industry’s needs and funding mechanisms
Tailor support mechanisms: improve the methods for selecting candidate projects and modify
the funder’s support methods and mechanisms to customize support
Consider the entire lifecycle of concept before funding: is it easy to install and maintain;
environmental impacts; decommissioning costs; and employ additional lifecycle metrics
To obtain more viable and holistic device designs that have higher potential for
commercialization the selection process should evaluate:
o Use of more quantitative analysis of concepts
o Consider how a device is moored, installed, O&M done, etc.
o Seek integrated approaches like teams of developers, mooring and installation methods,
O&M approaches, and other issues
o Include consideration of components too, like moorings, drive components, etc.
Funding organizations: simplify the process as much as possible and consider multiple annual
programs for funding; there is a need for continuity in funding
Governments should fund industry to merge R&D efforts with industry development efforts, and
fund specifically industry
TRLs need to be defined more clearly for demonstration stages

16

C. Synopsis recommendations on the development approach and timeline:
The participants recommended that technology development should employ a step‐by‐step stage‐
gate process for approving funding and advancement to the next stage, which is guided by a well
vetted set of metrics. The timeline and funding should be realistic and well informed by past national
and international experience. Failures should be anticipated because there are significant
uncertainties in the ocean energy development process.
Supporting statements from the breakout groups:










Use a stage‐gate approach to technology development, which employs rigorous metrics to
evaluate progress
A path forward that we think will work well is: stage gates with metrics for development, step‐
by‐step development with testing & international collaboration and also having a stage‐gate
process for deployment (step‐by‐step)
A good long‐term approach on the part of the governments is needed for ocean energy
development
Realistic targets need to be set that can be achieved
Alignment the ocean policy with technology development timeline and journey
Have more realistic expectations for the technology development results and timeline
Speed the process for the permitting and demonstration
Failure is not just an option, it’s a requirement!

Question 3: What new approaches do you recommend?
A. Synopsis of recommendation for new approaches for R&D:
The workshop participants recommended that there should be a long term focus for the ocean
energy development programs with more emphasis on research and development. As already
mentioned in the synopsis for question 2‐C, a risk tolerant approach to R&D with stage gates and
lifecycle assessment is recommended. Make use of competitions offering prizes to excite the public
about ocean energy and to incentivize accomplishment of important R&D goals, such as a prize for
continuous device performance in a real operating environment.
Supporting statements from the breakout groups:



Establish long‐term programs to support the sector, with more focus on the R&D
Establish a competitive “Prize” for short term device continuous performance (for example: 3
months, 6 months, etc.)
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Failure is not just an option, it’s a requirement (From Q2)
Use stage‐gate approach (from Q2)
Consider lifecycle analysis for R&D (From Q2)
Encourage cross-sectoral benefits

B. Synopsis of recommendation for new approaches for R&D management:
As already noted, the participants recommended that R&D should employ a step‐by‐step stage‐gate
process and life cycle assessment, which is guided by a well vetted international agreed upon set of
metrics.
Supporting statements from the breakout groups:







Need an international group to set the stage‐gate standards (metrics) and then implement these
standards
Common standards for stage‐gating projects with establish technology metrics for certification
assurance.
Use stage‐gate approach (from Q2)
Consider lifecycle analysis for R&D (From Q2)
Require testing at a specific site and set stage‐gates for performance metrics
Use an IEC‐Standardize approach for technology performance validation.

C. Synopsis of recommendations for new approaches for commercialization:
The participants recommended a legal obligation to produce some percentage of a nation’s energy
(MWh) from ocean renewables to incentivize commercialization. In addition, a one‐stop shop for
permitting ocean energy facilities was recommended.
Supporting statements from the breakout groups:







Establish a legal obligation to produce some portion of the nation’s energy by ocean energy
under a Renewable Portfolio Standard
Establish locations for competition with feed‐in tariffs to create artificial markets (develop a
support mechanism with step‐by‐step development that meets competitive metrics)
Establish targets for specific markets with criteria for MWh produces, rather than MW installed.
Create specific budgets for ocean energy at a national level
One‐stop shop for marine energies projects and activities covering environmental issues, energy
facility issues, industry issues, innovation issues and other issues
Need better PPPs from funding agencies
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D. Synopsis of recommendations for collaboration and information sharing:
The participants strongly recommended more communication, collaboration, and data sharing to
address several different technical and manufacturing challenges. They encouraged sharing of all
types of R&D information both nationally and internationally, such as the U.S. marine energy data
base, as well as supply chain collaboration, and even felt that it could be financially incentivized. One
group advocated the use of failure investigation teams, similar to those used in aircraft industry, to
determine the root cause of failures and share the results publically.
Supporting statements from the breakout groups:








More shared community‐led projects with local leadership
Share information, like the U.S. marine energy data repository
Send in an investigation team to do a root cause analysis when devices fail so learning can be
shared (like the aerospace industry does accident investigation)
Encourage early vertical supply chain collaboration
Encourage horizontal supply chain collaboration and sharing
Incentivize collaboration between industry, research institutions, and government
Need collaboration: incentivize exchange of experience nationally and internationally

Question 4: What might the OES, EERA and OCEANERA‐NET be able to do to assist in improving policies
and accelerating ocean energy development?
A. Synopsis of recommendation for OES, EERA and OCEANERA‐NET on how they could provide
consensus guidance to improve policies and accelerate development:
The workshop participants recommended that OES, EERA and OCEANERA‐NET work to develop
internationally accepted technical benchmarks, stage‐gate criteria, and metrics to guide ocean
energy development and solve problems.
Supporting statements from the breakout groups:







Establish internationally accepted technical benchmarks for performance of numerical modeling
codes, sub‐scale wave tank testing, as well as component and subsystem performance; this
would help identify the readiness of ocean energy technology for funding agencies and the
industry globally
Establish international benchmarks and metrics for prizes and other contests to incentivize
technology improvements in performance, reliability and other areas to inspire technology
improvement
Encourage companies to work together to meet stage‐gate targets
Continue to review and enhance joint funding and common stage‐gate criteria
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Develop joint activities to develop and review development state‐gate criteria, and performance
attributes maps of test sites internationally
Create, or further the use of existing internationally accepted technology stage‐gate metrics
through a consensus development, review and publication of metrics
Organize meetings that bring people together from different nations to solve problems and
share successes
Establish realistic clear and practical recommendations on ocean energy
Act as high profile ambassadors and help establish international ocean stations
Establish an international ocean test station (similar to the international space station)

B. Synopsis of recommendation for OES, EERA and OCEANERA‐NET on collaborating internationally to
improve policies and accelerate development of ocean energy:
The workshop participants recommended that OES, EERA and OCEANERA‐NET develop international
workshops, seminars, webinars and expert meetings to inform, discuss and improve policies on
ocean energy. In addition, OES, EERA and OCEANERA‐NET can accelerate ocean energy development
by supporting the dissemination of accurate and trustworthy information on ocean energy through
databases, webinars, workshops, conferences and other forums. They should also explore the
possibility of stronger collaboration between the various ocean energy testing stations under an
international banner.
Supporting statements from the breakout groups:










Collaborate internationally to establish technical development priorities, thereby providing a
link between industry and policy makers and communicate the priorities to policy makers
Provide forums for establishing internationally accepted public policies and disseminate
Organize international workshops involving policy makers with realistic content and outcomes
Serve as a link between industry and policy‐setting
Develop workshops, webinars, expert forums, Marine Hydrokinetic Data Repository (MHKDR)
information, and support International conferences and publications
Develop a consensus on which database should be used for a given purpose and direct people to
it (for example, Tethys, MHKDR, other.)
Create common objectives and offer funding on evidence of the agreed to collaboration
Act as high profile ambassadors and help establish international ocean stations
Establish an international ocean test station (similar to the international space station)

C. Synopsis of recommendation for OES, EERA and OCEANERA‐NET on communicating internationally to
improve policies and accelerate development of ocean energy:
The workshop participants recommended that OES, EERA and OCEANERA‐NET use their positions as
trusted independent and unbiased sources of information to inform policy makers and the public on the
current status of ocean energy technology and its benefits. These organizations should also provide an
20

appropriate forum for communicating and sharing ocean energy successes, as well as lessons learned
from ongoing international research and development.
Supporting statements from the breakout groups:








Act as high profile ambassadors to carry the message concerning how ocean energy can
contribute to reducing climate change impacts.
Organizations should coordinate to plan methods of collaboration to stay informed on ongoing
international activities and communicate the information
Communicate positive messages about ocean energy to the public
OES and others could assess and share lessons learned and failures
Sharing failure assessments and lessons learned
Collaboration with test centers to share important results and lessons learned
The organizations should play the knowledge‐sharing role

.
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Appendix 1: The Operating Agent and Organizers of the Workshop
For additional information you may contact either of the following workshop organizers:
Bob Thresher
NREL Research Fellow
National Renewable Energy Laboratory
15013 Denver West Parkway
Golden CO 80401‐3393
Robert.Thresher@nrel.gov

303‐384‐6922
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Appendix 2: Workshop Presentations
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WES Background – Wave Summit
First Minister’s Wave Summit - Jan
2014

Wave Energy Scotland
Henry Jeffrey – Strategy and Research coordination

“proving the technology had to be the
priority and that the other constraints –
grid, consents – were less pressing”

IEA Policy workshop April 16

“structured, collaborative approach was
not just a ‘nice to do’ but essential”
“bring ‘cold industrial logic’ to the
innovative process”
“The summit agreed that a line of sight
to market was needed, but that a line
of sight on the technology was more
important”

What WES aims deliver

WES Functions

A Research, Development and Innovation
Programme that will:

Technology Transfer to
other Sectors
Knowledge
Transfer

• Support the development of key sub-system
and component technology that can deliver
a step change in performance

• Draw on knowledge from other sectors
through effective knowledge exchange

Commercial Product

PTO

Sub-systems

• Capture the learning from previous
technology programmes

Common Challenges developed collaboratively – Industry/Academia

?

Development of Critical
Components Drives Device
Development

?

• State aid compliant funding model - PCP

Credible
Concepts

• Continuity of funding through to proven
concept

Novel
Concepts

• Ensure Commercial Focus – Advisory Group

WEC Concepts

Existing
Sector
Knowledge

• Foster collaboration between
industry/academia

Performance 
CofE
Capex 
Reliability 
Performance
Guarantee 
Collateral Warranty 

?

Proof of Concept
Wave Device
Full Scale Demo

Individual Technology Development Plan
Technology
Development

Design
Review

Phase 1

Design
Review

Design
Review

Design
Review

Phase 2

Design
Review

Phase 3

Design
Review

Stage gate review process at key technical milestones / Cost of Energy Assessment
Control of Cost and Quality by independent verification/standard DNV OSS312,RP206

Pre-commercial Procurement

WES Funding Options
R&D project funding. The maximum grant
rate is 25% for a large firm, 35% for a
Medium firm (50-250 FTEs) and 45% for
a Small firm. This is the basis of previous
Government funding schemes and
requires match funding.
Collaborative project between WES and a
private R&D firm. Essentially there is a
commercial agreement on costs and share
in the rewards established up-front in a
commercial way, resulting in joint funding
of an R&D activity. Can provide 100%
funding without a competitive process.
Pre-Commercial Procurement. A
competitive procurement process that
funds several entrants to develop
technology to a common specification.
The best solutions are selected at key
stages with the best two being taken to
completion. Allows 100% funding but
must maintain competition.
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Performance 
CofE 
Capex 
Reliability 

WES Innovation Calls
•
•
•
•
•
•
•

WES Innovation Pathway

Focussed on Priority Areas
Competitive Pre-commercial procurement model
Contracts for R & D services
Up to 100% funding available
Continuity of funding through the stages
Competition is open Europe wide (EEA)
Testing and demonstration to be carried out in Scotland

Research Needs
Engineering Needs
Commercial Needs
TRL 1‐2

TRL 1‐3

TRL 4

TRL 5‐6

TRL 7‐8

Stage 0

Stage 1

Stage 2

Stage 3

Stage 4

Concept
Characterisation

Concept
Optimisation &
Demonstration

Feasibility
•

Feasibility

Concept
Optimisation

Small Scale
Prototype

Large Scale
Prototype

Funding period

Up to 6months

6‐12months

12‐24months

12‐24months

State aid R&D
category

Feasibility Studies

Industrial Research

Industrial Research

Experimental
Development

Typical funding
limit per project

£100k

£500k

£2.5M

£4M

•
•
•
•
•
•
•

Basic technology
research
Technology concept
formulated
Geometry
Hydrodynamics
Numerical modelling
Natural period
Weight distribution
Small scale tests

•
•
•
•
•
•
•
•

Concept development
Systems engineering
Numerical model and
simulation
Power performance
estimates
Device efficiency
Shape optimisation
Scale model tests
Component testing

•
•
•
•
•
•
•
•
•

Concept refinement
Technology
optimisation
Control system design
FEED study
Large scale tank
testing
Numerical model
validation
LCOE calculation
CAPEX estimation
Subsystem testing

Small Prototype
Development
•
•
•
•
•
•

Refined system
Design and fabrication
understood
Large open water
model developed
Fully operational
system
Performance proven
for full system
Certification of system

Large Prototype
Demonstration
•
•
•
•
•
•

Full scale at sea tests
Grid connection
Maintenance
Service life of
components
Control system
optimisation
System monitoring
and inspection

TRL 9
Projects will require private investment and are beyond the scope of what will be supported by WES

WES Work Programme

PTO Examples

Mar 2015
Feasibility
Concept
Small Scale Prototype
Large Scale Prototype

PTO
Call

Research
Project Secure
Project Know‐How

NWEC
Call
June 2015

Research

Materials

Landscaping
studies

Controls

Late 2015 – Mid 2016
Sub‐
systems 4

NWECs
Wave Energy Scotland
Novel Wave Energy Converter Call
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Development of future calls

NWECs

Landscaping Topics

•

A series of “Landscaping Projects” is in
progress with the objectives of
o Gathering baseline knowledge
o Building understanding of the key
challenges
o Ensuring appropriate direction of next
calls

•

Next calls
o Targeted development projects rather
than competitions
o Materials and Processes
o Controls

WES Strategy Summary

1. Structural materials, coatings and
manufacturing processes
2. Structural forces and stresses for wave
energy devices
3. Application of technology, knowledge and
practice from other sectors
4. Functionality requirements and inputs for
wave energy control systems
5. Control options analysis – Control stateof-the-art

I will stop talking now
Questions

henry.jeffrey@ed.ac.uk
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•

High level objectives defined and
business plan developed

•

Priority research and development
areas

•

2 Calls launched

•

Landscaping

•

Collaboration opportunities

Scotland's marine energy
story: lessons learned
Janine Kellett, Head of Marine Energy
Policy Team, Scottish Government

Scottish strengths

European Marine Energy Centre

• Scotland has tremendous wave and tidal resources
• We have a rich maritime heritage and offshore
engineering expertise
• Scotland is home to world leading test facilities, including
the European Marine Energy Centre and FloWave
• Leading marine energy technologies are being developed
in Scotland
• The world’s largest tidal stream array is being constructed
in Scotland
• Scotland is seen as one of the market and policy leaders

• Established in 2003 in Orkney
• World’s first grid connected, accredited test centre for
wave and tidal energy devices
• Has 14 test berths and two nursery sites
• There have been more marine energy converters
deployed at EMEC than at any other single site in the
world

MeyGen
• Largest planned tidal stream development project in the
world
• Will have 269 tidal turbines and an installed capacity of
398 megawatts
• First four turbines (6 MW) will be installed this year
• Scotland has provided over £23 million for this phase
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Lessons learned
• Developing a commercial technology is
harder than we all thought (taking longer
and costing more)
• In Scotland we have seen world firsts and
experienced very turbulent times
• We now know more about what does work,
what might work and what doesn't work
than we ever did before

Lessons learned (technology)

Lessons learned (finance)

• First mover advantage?
• We realised that ocean energy
technologies are technically diverse and
are at different stages of maturity
• A one size fits all approach to supporting
new low carbon technologies does not
work
• Support has to be tailored

• With highly innovative, high risk pilot
projects, uncertainty is part and parcel of
the experience
• Financial support mechanisms have to be
flexible enough to accommodate the
uncertainties inherent in early stage
technologies
• Projects need a combination of technology
push/market pull, a mix of capital and
revenue support

Wave Energy Scotland (WES)

Challenges

• Previously we funded companies to work in isolation
• WES is a radical new approach to funding the wave
sector
• Encourages the best engineering and academic minds to
collaborate to accelerate the development of wave
energy technologies
• It is an incremental, stage-gate approach to technology
development
• Initial focus is on subsystems and components
• WES’s 12-strong team is now running 28 projects

• Low carbon technologies need to be cost-competitive with
fossil fuel alternatives
• Costs need to be tackled through advances in technology
- getting all the component parts to be the best they can
be
• When devices aren't yet reliable, immersing them in the
sea doesn't necessarily help
• Patience is needed
• Are we spending enough on marine innovation/RD&D?

28

UK public sector energy RD&D
Million Euro (2014 prices and exchange rate)

1200.

900.

Cost of nuclear
decommissioning
£70bn +

Nuclear
Renewables
Hydrogen & Fuel cells
Other power & storage tech
Cross cutting tech

HS2 high speed
rail project
£50bn +

Fossil Fuels
Energy Efficiency

600.

London
2012
£9bn

300.

0.

Royal Wedding
Bank Holiday
£6bn

1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Scottish Parliament
£430m
R&D on UK marine energy
£160m

Best approach?

Development vs. deployment
• Amount of public funds spent globally on renewable RD&D is only
around $6bn – less than 2% of all publicly funded R&D
• Amount spent on marine R&D is a fraction of that
• Latest IEA figures tell us that $135bn spent worldwide on
subsidies for renewables
• Is that the right way to do it, to spend 20 times more on
deployment than on development?
• Both forms of support are essential but we need to get the
balance right - we need to deploy existing clean technologies and
develop newer technologies
• We probably need to more than double what we are currently
spending on RD&D
• Global Apollo Programme calls for $15bn a year RD&D spending
on renewable energy

• We need a broad portfolio of technologies
• Differentiation, innovation, collaboration
• We need to spend far more on research, development
and demonstration
• We need to get the balance right between supporting
development and supporting deployment

Role of government
• Right policy framework and right incentives
• State intervention drives technological
innovation
• Apollo program
• Concorde
• iPhone - state played a role in financing
nearly every key technology, from GPS
to the touch screen
• Think big and take more risks

Questions?
Janine.Kellett@gov.scot
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Basque Country: Key Figures

Workshop IV: Ocean Energy Policy: Lessons Learnt

Promoting wave energy in the Basque Country

Basque Country Experience

-

Resource assessment

Jose Luis Villate, TECNALIA

-

Strategy / Targets

-

Demonstration / Test sites

Sweden - 12 May 2016

-

Funding programmes

-

Supply chain

-

Collaboration / Networking

EUSKADI

SOCIO-ECONOMIC ASPECTS

Location

Basque Country.
Key Figures

Bilbao

Bizkaia

Donostia-San Sebastian

Gipuzkoa

Vitoria-Gasteiz

Araba-Álava

EUSKADI

EUSKADI

SOCIO-ECONOMIC ASPECTS

Socio-economic data
Area

Energy
demand-consumption

7,234 sq km

Costline

176 km

Population

2,164,311

Population density

299 / sq km

Official languages

Basque and Spanish

ENERGY DATA

2014
Primary energy demand came to
6.2 million toe…
Electricity
14%

Coal
1%

2014

Renewables
7%

GDP

€64.3 BN

GDP per capita

€29,683

GDP in R&D

2.19%

...and final energy consumption
5 million toe

Oil
43%

Tertiary
20%

Natural gas
35%

2014

Figures: Energy balance of the Basque Country 2014, EVE
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Transport
37%

Primary
1%
Industry
42%

EUSKADI

ENERGY DATA

Renewables

Promoting wave energy
in the Basque Country

In 2014 433,000 toe of renewables was harnessed
Solar
1%

Wind
6%

Hydro
9%

Biomass
68%
Biofuels
15%

Figures: Energy balance of the Basque Country 2014, EVE

Resource Assessment (2007)

Strategy / Targets

THEORETICAL ENERGY
POTENTIAL

1

Wave energy atlas

NATIONAL/REGIONAL
INNOVATION STRATEGIES
FOR SMART
SPECIALISATION (RIS3)

MDT Batimétrico
Mapa geomorfológico

FEASIBLE ENERGY
POTENTIAL

Bathymetry and seabed
morphology

3

AVAILABLE ENERGY
POTENTIAL

Environmental and socioeconomic restrictions

4

TECHNICAL ENERGY
POTENTIAL

Performance and size
limitations of WECs

2

Mapa de pendientes
Orientación de la costa al frente del oleaje
Flujo de energía del oleaje
Homogeneidad
Figuras
de protección
Usos
Otros

BASQUE COUNTRY WAVE ATLAS
Identification of feasible sites
Gross potential: 12 TWh/year.
Technical potential: 1.5 TWh/year

(about 10% of electricity demand of the Basque
Country)

Strategy / Targets

Demonstration / Test sites
Mutriku OWC Plant

Use of renewable resources would nearly double to 905,000 toe in 2020, …
Scenario for the use of renewables (ktoe)

300MWh average
annual production

Biofuels
17.6%

1,200

Wind
15.1%

1,000

Milestone (2015):

Energía marina

800

Solar

600

Energía
geotérmica
Hidro

400

Eólica

200

2010

2015

2020

1GWh of
cumulative energy
produced

Hydro
4.3%

Geothermal
1.9%

Biomass
57.,2%

0

Working since
July 2011

Marine
1.4%

Solar
2.4%

60 MW

… and a 14% share of renewables in final energy
consumption.

Test centre for OWC components
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Installed capacity:
0.3 MW
(16 x 18.5 kW)

Demonstration / Test sites

Funding Programmes
bimep:
Collaborative research programme on marine energy led by
TECNALIA and funded by the Basque Government since 2009

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

Spain

 Permissions for wave granted, in
progress for floating offshore wind
 7 markers buoys installed in July 2013
 Cables (4x5MW) and connectors
installed in September 2013.
 Onshore substation finished
 Data collection and analysis
 Total investment: 20M€
 First wave energy device in the water
expected in 2016

Bay of Biscay

Armintza

Funding Programmes

Funding Programmes

Industrial R&D: Development of a wave energy converter
(laboratory scale) and innovative components

Pre-commercial public procurement (2,5 M€)

Funding Programmes

Supply chain

Aid programme for investment in the demonstration and
validation of emerging marine renewable energy technologies:
- Annual programme since 2013
- Current call closing on October 31st
- Budget available: 500 k€ (2016); 1M€ 2017, 1M€ 2018
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Collaboration / Networking

Collaboration / Networking

Tack
Thank you
Eskerrik asko
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OCEAN ENERGY POLICY

DANISH EXPERIENCE & INITIATIVES

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

OBSERVATION PERIOD 1997 – 2016 …..

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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THE ENERGY CRISIS 1973

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

WE NEED ALTERNATIVES TO OIL

– HOW I GOT INVOLVED1977

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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THE UK WAVE ENERGY PROGRAMME 1973 – 1982
RENDEL PALMER,TRITTON, KENNEDY, DONKIN. UNITED KINGDOM WAVE ENERGY
PROGRAM E CONSULTANTS' 1981 ASSESSMENT. UK: DEPARTMENT OF ENERGY; 1982.

Symposium in 1979 in
Gotheborg

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

FIRST DANISH FUNDING FOR WAVE ENERGY 100.000€
1 KW GRID CONNECTED WAVE POWER IN ØRESUND
1984 – 1986 (POST DOC DTU)

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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FIND A BLACKSMITH TO HELP THE DEVELOPMENT
1987 – 1991 (BUDGET 1.500.000€)
DANISH WAVE POWER APS

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

PRELIMINARY ACTIONS ON OCEAN ENERGY, 1991 - 1993
EUROPEAN COMMISSION JOU2-0003-DK
OFFSHORE WAVE ENERGY CONVERTERS OWEC-1 JOULE II 1993 - 1996
B0 Project mamagement
B1 Device fundamentals/Hydrodynamics, UCC
Garreth Thomas
B2 Device Components and Materials DWP
Kim Nielsen
B3Power take-off Systems Ued
Stephen Salter
B4Electrical systems, control and Grid Interactions, Queens
William Beattie
B5 Methodology for Reliability and Economic assessment ETSU,
SWEDISH VISIT IN HANSTHOLM
Tom Thorpe
OWEC 1 20 researchers during a project
meeting in Gothenburg 1994

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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HANSTHOLM PHASE II 1993 – 1996
DANISH FUNDING

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

DANISH WAVE ENERGY PROGRAMME 1998 – 2002
3.000.000 €
Point absorber

Meyer NI, McDonald Arnskov M, Vad Bennetzen LCE, Burcharth HF, Bunger J, Jacobsen V, et al. Bølgekraftprogram: Afsluttende rapport
fra Energistyrelsens Rådgivende udvalg. Rambøll, Teknikerbyen 31, 2830 Virum, Denmark: Bølgekraftudval Bølgekraftudvalgets
Sekretariat; 2002. In Danish

.

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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STRUCTURED DEVELOPMENT AND GUIDELINES FOR TESTING
AND PRESENTATION OF RESULTS

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

WAVE DRAGON 1997 - ONGOING

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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FLOATING POWER PLANT 1997 - ONGOING

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

WAVEPLANE 1998 – 0NGOING

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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POINT ABSORBER 1998 - 2002

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

CO-ORDINATED ACTION ON OCEAN ENERGY 2004 - 2006

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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DEXA WAVE 2005 - 2012

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

WAVESTAR 2004 - 2016

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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RESEN WAVES 20O9 - ONGOING

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

2011-12 DANISH STRATEGY ON WAVE ENERGY
PARTNERSHIP FOR WAVE POWER

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

43

WEPTOS 2012 - ONGOING

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

DEVELOPMENT OF DANWEC 2012
2M€ GREENLAB-

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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LEANCON 2004 TEST IN NISSUM BREDNING 2015

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

ROAD MAP 2015

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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CREST WING 2010 - ONGOING

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

WAVE PISTON 2012 - ONGOING

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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DEVELOPMENT V KIM NIELSEN 1977 - 2016

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016

THANK YOU

IEA-OES OCEAN ENERGY POLICY WORKSHOP SWEDEN
12-05-2016
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Supporting Policies for Ocean Energy
National Ocean Strategy 2013‐2020
• public policy instrument for the sustainable development of
the economic sectors related to the ocean, including the
energy sector.
• Three key pillars: Knowledge, Spatial Planning, and
Promotion of National Interests.
• Action plan “Mar‐Portugal Plan” strategic actions: support for
new forms of technology applied to maritime activities by
creating conditions for the installation, testing and
development of emerging technologies

Ocean Energy Systems Workshop IV

Ocean Policy in Portugal

English version available
(http://www.dgpm.mam.gov.pt/Documents/ENM_Final_EN_V2.pdf)

Gonçalo Zagalo Pereira / Dina Carrilho
FCT ‐ Fundação para a Ciência e a Tecnologia, Portugal
With the support of Ana Brito e Melo (WavEC ‐ Offshore Renewables)

Supporting Policies for Ocean Energy

Supporting Policies for Ocean Energy

Legislation and Regulatory Framework

Legislation and Regulatory Framework

• Law nº 17/2014 (April) – New Maritime Spatial Planning (MSP)

Policy on the National Maritime Areas Planning and Management
(LBOGEM)
• The specific objectives are:

framework
‐ Goal: promoting sustainable, rational and efficient economic use
of marine resources and ecosystems

1) To implement strategic development objectives of the National Ocean
Strategy (NOS 2013‐2020);
2) to foster sustainable ,efficient and rational economic exploitation of
marine resources and ecosystem services;
3) to spatially plan maritime uses;
4) to prevent or minimize potential conflicts between maritime uses;
5) to ensure legal certainty and transparency in the assignment of private
use titles;
6) to ensure the use of available information on the national maritime
space.

• Decree‐Law n.º 38/2015 (March) – Policy on the National
Maritime Areas Planning and Management (LBOGEM)
‐ Legal framework for the implementation of marine spatial plans
in the whole national maritime space, including the continental
shelf beyond 200 nautical miles.

Supporting Policies for Ocean Energy

Supporting Policies for Ocean Energy

Legislation and Regulatory Framework

Permitting and Licensing

• Council of Ministers Resolution n.º 57/2015 (July) – Financial
Instrument for Energy (IFE2020): promoting the
diversification and use of clean energy sources (co‐funded by

• Policy on the National Maritime Areas Planning and Management
(LBOGEM) ‐ aims at “developing” (i.e. implementing in detail) the Portuguese
Marine Spatial Planning framework by defining:
– (1) the legal framework for national MSP instruments (their development ,
change, revision and suspension);
– (2) the legal framework for the private use of national maritime spaces and
the associated economic/financial regime;
– (3) instruments for ongoing monitoring/technical assessment of national
MSP;
– (4) the legal framework for the private use of water resources for
aquaculture purposes in transitional waters.

European structural and investment funds for the period from 2014 to
2020).

• Ordinance nº 202/2015 (July) – Remuneration regime for
wave energy and offshore wind projects (experimental or pre‐
commercial stage): basic Feed‐In Tariff of €80/MWh (20
years). This value can be increased by €20/MWh if the projects have
received incentives from the Portuguese Carbon Fund (FPC).
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Permitting and Licensing

Permitting and Licensing
•

In addition to the private use title, and in case the project needs to be
connected to the grid, a power production license is required in a process
having the following steps:
– Request for the reservation of power injection into the public grid (RESP) ,
from a given reception point
– Production license: establishes the accordance of the project with the
priorities of the national Energy Policy
– Exploitation license: sets the conditions for the project power production

•

•

Environmental permit – depending on the project dimension the regional
authority: Coordination Committee on Regional Development (CCDR), or
the national Environmental Protection Agency (APA) are the competent
authorities; the EIA process is incorporated in the request for the
production license
Terrestrial works associated with offshore renewable energy
development – approved by Local Planning Authority

Supporting Policies for Ocean Energy

Permitting and Licensing
EIA procedure for marine renewable energy projects (pilot
projects or testing prototypes)
• If project listed under the EIA national legislation (e.g. wind
projects with 20 or more turbines), a full EIA is required
• If a full EIA is required the Environmental license is issued by
the national Portuguese Environmental Agency (APA);
otherwise, the Coordination Committee on Regional
Development (CCDR) is the competent authority
• The consenting process for wave and tidal energy ‐ 18
months after the preparation of an EIA.

Interministerial working group “Sea Energy”
• Resolution n.º 15/2016 (March)
• Mission: presentation and public discussion of a
development model for offshore energy development
• Aim: boost investment in R & D, including technology
demonstration projects and pre‐commercial projects
• May 2016: present a first report and public discussion
• July 2016: produce final report
• General Directorate of Marine Policy provides technical,
logistical and administrative support

Supporting Policies for Ocean Energy

Funding and Opportunities

Interministerial working group “Sea Energy”
FCT – Foundation for Science and Technology

Members:
1) Sea government member (Chair);
2) National defense government member;
3) Science, technology and higher education government member
(FCT’s president);
4) Energy sector government member;
5) Environment government member;
6) National Innovation Agency, S. A.’s president;
7) Energy and Geology ‘s Director‐General ;
8) Institute of the Sea and Atmosphere, I. P.’s president
9) National Laboratory of Energy and Geology’s president
10) WavEC Offshore Renewables' president
11) Other representatives of universities, etc

• Portuguese national funding agency for science, technology
and innovation, public institute under the aegis of the
Ministry of Science, Technology and Higher Education
(MCTES)
• Mission: promote the advancement of knowledge in science
and technology, attain the highest international standards in
quality and competitiveness, in all scientific and technological
domains, and encourage its dissemination and active role in
society and in economic growth
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Funding and Opportunities

FCT – supported areas

FCT – Foundation for Science and Technology
• Funding instruments via competitive calls with international
peer‐review: PhD fellowships, studentships and research
contracts, R&D Project Grants in all Scientific Domains, support
to research centres and state‐of‐the‐art infrastructures
• Ensures Portugal’s participation in international scientific
organisations, fosters the participation of the scientific
community in international projects (bilateral and multilateral),
and promotes knowledge transfer between R&D centres and
industry

FCT – Foundation for Science and Technology
FCT’s budget of
€400‐500 million/year is provided
by the Portuguese government and
European Union Structural Funds.

2014
Budget

FCT funding accounts for 30% of
Portugal’s annual public funding for
science.

European Union
€142 million

National State
budget

Others
€7 million

€287 million
FCT budget
for science
and research
€436 million

20 National R&D Project
Grants in Ocean energy
(wave (95%) and tidal):
1.7million€ (since 2000)

Funding and Opportunities

FCT – Foundation for Science and Technology
•

20 National R&D Project Grants in Ocean energy (wave (95%) and tidal):
1.7million€ (since 2000)

FCT – Foundation for Science and Technology
•

• Ocean Office (created in 2015):
‐ Assist and advise the Board of Directors of FCT in maritime affairs,
particularly in R&D;
‐ Analyse the evolution of Marine Sciences and Technologies in Portugal,
and its relationship with the European and international context;
‐ Analyse and explore the benefits of international cooperation;
‐ Promote the use of research results funded by FCT in MST, in line with
the R&D component of the National Ocean Strategy;
‐ Represent FCT in national, European and international initiatives in the
field of MST.

FCT is partner of OCEANERA‐NET, a network of 15 European national and
regional funders and managers of research and innovation programmes,
from 8 countries, in the field of ocean energy, funded by the European
Commission.

• OCEANERA‐NET 2014 transnational joint call
‐ 10 Countries/ regions involved: Belgium/ Flanders, France, Ireland,
Portugal, Spain, Spain/ Asturias, Spain/ Basque Country, Sweden, United
Kingdom, United Kingdom/ Scotland
‐ 18 eligible full proposals (12 with Portuguese participation); 27 pre‐
proposals (16 with Portuguese participation);

‐ 9 proposals selected for funding (6 with Portuguese participation)

50

OCEANERA‐NET Joint transnational 2014
€ 750.000 public funding by FCT
Acronym

Title

Ocean
Energy

TUPPERWAVE

Development of a novel efficient and
cost‐competitive wave energy
conversion device for the generation of
high‐quality renewable electricity

Wave

WATTAGE

Workability Aspects of Tidal Turbine
Arrays on producing Green Energy

RECODE

Development and demonstration of
critical components for monitoring,
control and electrical connection for
reliable Ocean Energy Arrays (OEAs)

OCEANIC

Ocean Energy Anti Fouling and
Corrosion

MIDWEST

E2WEC

Wave /
Tidal

Project total
Nº partners
costs (€)

528,523

960,083

Portuguese
institutions

4

• WavEC

• Spain/ Asturias
• Portugal
• Ireland

4

• U. Algarve
(coordinator)
• CCMAR

• Portugal
• UK/ Scotland

Wave

1,828,730

7

• WavEC

‐

1,470,923

8

• WavEC

Multi‐fidelity Decision making tools for
Wave Energy SysTems

Wave

546,289

4

• CENTEC

Efficient and Effective Wave Energy
Components Development

Wave

1,554,402

4

• IST

Funding and Opportunities

Countries/ regions
involved

FCT – Foundation for Science and Technology
• OCEANERA‐NET 2016 transnational joint call
‐ Total funding commitment (FCT funding commitment: 750.000 €)

• Spain/ Basque
Country
• Portugal
• Ireland
• United Kingdom
• Sweden
• Spain/ Basque
Country
• Spain
• Portugal
• France
• Sweden
• Denmark
• Portugal
• Spain
• Portugal
• Spain/ Basque
County
• Sweden

‐ 11 Countries/ regions involved: Belgium/ Flanders, Ireland,
Netherlands, Portugal, Spain, Spain/ Asturias, Spain/ Basque
Country, Spain/ Canary Islands, Spain/ Cantabria, Sweden,
United Kingdom/ Scotland
‐

‐

Support research, technological development and innovation projects
developing, demonstrating or validating innovative technologies of
ocean energies: Wave Energy, Tidal Energy, Tidal and Ocean Currents,
Salinity Gradient and Ocean Thermal Energy Conversion
December 2016 ‐ Earliest anticipated start date of funded projects

6,888,950

Funding and Opportunities

Funding and Opportunities

ANI – National Innovation Agency

Portugal 2020

• Managed by two ministries (Ministry of Science, Technology
and Higher Education and the Ministry of Economy)
• Mission: to stimulate business‐oriented research in Portugal
• Main funding source: Operational Programmes Thematic
factors of Competiveness

• Main instrument for business investment for the period 2014‐
2020, defining the financing priorities in the application of the
European Structural and Investment Funds in Portugal
• Four thematic Operational Programmes
• Seven regional Operational Programmes

Funding and Opportunities

Funding and Opportunities

Portugal 2020

NER300

• Topics that can address Ocean energy technology:
• The world's largest funding programmes for innovative low‐
carbon energy demonstration projects
• Managed jointly by the European Commission, European
Investment Bank and Member States

‐ PO SEUR: Operational Programme for Sustainability and Efficient Use of
Resources (addresses renewable energies directly, within the thematic objective
of supporting the transition to a low carbon economy; only for TRLs above 9)
‐ COMPETE 2020: Operational Programme for Competitiveness and
internationalization (KEY AREA I — funding R&D projects in co‐promotion with
companies)
‐ Regional operational programmes (North, Centre, Lisbon and Tagus Valley,
Alentejo and Algarve)
•

Plan of Calls for Proposals available at Portugal 2020 website (www.portugal2020.pt)
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Funding and Opportunities
NER300

WavEC Offshore Renewables

• Project Windfloat (selected in the first call for proposals)
•

‐ floating structure with a 2 MW floating wind turbine is located
6km offshore off the coast of Aguçadoura, at a depth of about 42m
‐ Windfloat Atlantic (25 MW)
‐ €29.9m awarded
•

private non‐profit association, currently with 13 associates (industrial and
public)
• devoted to the development and promotion of offshore energy utilization
through technical and strategic support to companies and public bodies
• composed by 20 specialists with a broad range of experience on ocean
energy, including both the technical (numerical modelling, wave resource,
monitoring, technology) and non‐technical (economic models,
environmental and licensing, public policies, dissemination) issues
• Coordinates two European funded projects (WETFEET and OCEANET) ad
collaborates in many more

Project SWELL (selected in the second call for proposals)
‐ 5.6MW wave farm north of Peniche Peninsula
‐ sixteen 350 KW oscillating Wave Surge Converters
‐ €9.1m awarded
‐ installation and testing of commercial Waveroller units

Technology Demonstration

Project Windfloat – supported by NER300 (first call)

Aguçadora

Operational
Projects

Aguçadora

Windfloat
(Windplus)

Next step
• Windfloat Atlantic (25 MW)
• Local: Viana do Castelo
• Environmental study concluded

Azores

Pico Plant
(WavEC)

Peniche

WaveRoller
(Eneólica)
Source: WavEC

Source: WavEC

Project SWELL ‐ supported by NES300 (second call)

European Wave Energy Pilot Plant

OWC Pico Power Plant •
(http://www.pico‐owc.net/)

•
•

•

Peniche
(Waveroller| Aw-Energy)
Next step
• Array 5.6 MW
• New device due to be deployed
in 2016: 350 kW FOAK device
(“First Of A Kind”)

Accumulated Power Production

2015…

2015…

2015…

2015…

2015…

2015…

2015…

2015…

2012…

2015…

2014…

2014…

2014…

kWh

100,000
90,000
80,000
70,000
60,000

Located on the island of Pico, Azores
Co‐funded by the EC (grid connected)
Allows testing commercially‐sized air
turbines and auxiliary systems (up to
~700kW); research studies on
fatigue/corrosion problems
Operated by WavEC since 2004

Source: WavEC

Source: WavEC
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Wave energy test site
OCEANPLUG ‐ Portuguese Pilot Zone
• Located in S. Pedro de Moel, between
Figueira da Foz and Nazaré
• Managed by: Enondas
(subsidiary of REN, the national
Transmission System Operator)
• Area: 320 km2
• Capacity: up to 250 MW
• http://www.oceanplug.pt/en‐GB/local

Thank you !

Source: WavEC

Permitting and Licensing
Institutional responsibilities
• Portuguese Directorate‐ General for Natural resources, Safety and
Maritime Services (DGRM) ‐ compilation of all MSP instruments available
for consultation; decision on several aspects regarding the private use of
the maritime space
• Portuguese Directorate General for Maritime Policy (DGPM) ‐ ongoing
monitoring of MSP instruments; develop assessment reports on
socioeconomic effects (against the strategic objectives established in the
NOS 2013‐2020) and identified environmental impacts.
• Directorate‐General of Energy and Geology (DGEG) ‐ licensing process of
electric projects including ORE; one‐stop‐shop online platform; in charge
of all licensing process liaising with other authorities (DGRM, CCDR or
APA) for specific permits
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Marine Energy Policy
in the United States

Existing

New

U.S. Strategy

Ann Dallman, Sandia National Labs

Ocean Energy Systems –
Annex V Workshop on Ocean
Policies

for
Alison LaBonte,

eere.energy.gov

• Early Years:
• National marine renewable energy centers
• Started water power programs at national labs
• Reference model project
• More recent / current investments:
• University Consortia R&D
• WETS demos
• Durability and survivability
• SPA I & II: advanced controls, materials & structures, systems
• Improved systems demos & environmental monitoring instrumentation
• Design of open water, grid-connected, fully energetic wave energy test facility
• New approaches / initiatives
• Wave Energy Prize - looks across technologies to spur innovation
• Structured Innovation
• Data collection & dissemination - MHKDR

Marine and Hydrokinetic Technology
60

$ in millions

50
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30

55.0
36

34

32
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41

41
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44.3

22

0
2009

2010
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eere.energy.gov

Major Investments

The FY 2017 Congressional Budget Request was the highest in the
Water Power Program’s history. The FY 2014-2016 enacted budgets have
remained fairly level.

30

Track Two: Towards long‐term deployment goal in utility scale
markets.

2 | Energy Efficiency & Renewable Energy

U.S. Marine & Hydrokinetic Funding History

10

Track One: Towards near term deployment in early‐adopter
markets

MHK Technology Development Lead
U.S. Department of Energy
May 12, 2016

| Energy Efficiency & Renewable Energy

20

Developing Comprehensive DOE strategy for MHK: Beginning
with industry‐wide core challenges (that DOE may not have
influence on) – supports creative thought on what activities
DOE can do to approach these challenges

2016

2017 Req

3 | Energy Efficiency & Renewable Energy

eere.energy.gov

4 | Energy Efficiency & Renewable Energy

eere.energy.gov

Wave Energy Prize Schedule

Successes & New Initiatives

• March 1: Finalist and Alternate Teams Announced
• April 25‐27: Team Summit @ IMREC Conference
• July 1: Announcement of Finalists testing @ MASK Basin
• August 1 to mid‐October: Testing @ MASK Basin
• mid‐November: Winner(s) Announced at the Wave
Energy Prize Innovation Showcase

• Wave Energy Prize
• U.S. Navy Collaboration & Wave Energy Test Site (WETS) in
Hawaii
• U.S. & Ireland MOU: OE deployment collaboration
• National Laboratories – expertise and capabilities
• Environmental Research
• Data collection & dissemination – MHKDR website

5 | Energy Efficiency & Renewable Energy

eere.energy.gov

6 | Energy Efficiency & Renewable Energy
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eere.energy.gov

Wave Energy Prize Outcomes

WHAT ARE THE
PRIZE’S OBJECTIVES?
A.

Mobilize new
and existing
talent

Accelerate the pace
of innovation

• Signifies a change in strategy: trying to incentivize innovation

Yield game-changing
solutions that exceed
aggressive performance
metrics

Double the stateof-the-art energy
captured per unit
structural cost of
wave energy
converters

• Spur new ideas and bring them into the public eye
• Will present results from all testing in public domain –
• private sector (investors) can see what performs well &
looks promising

Attract investors and
create a strong
foundation for future
funding opportunities

• public domain data set available to perform meta analysis,
provide examples & methodology for scaled testing

Rigorous comparison
between device types
8 | Energy Efficiency & Renewable Energy

eere.energy.gov

DOE Key Partnership with the U.S. Navy

Catch the wave
of the future
To learn more about the Wave Energy Prize
or to sign up to receive news updates, visit:

waveenergyprize.org
Testing Infrastructure: U.S. DOE & Navy support testing
of WEC devices at the Navy’s Wave Energy Test Site
(WETS) in Hawaii
Wave Energy Prize: U.S. DOE & Navy supporting wave
tank testing at the Nation’s premier facility Carderock
MASK basin; Carderock is also providing a judge &
technical expertise

10 | Energy Efficiency & Renewable Energy

eere.energy.gov

National Labs

U.S. & Ireland MOU

WEC-Sim: FOSWEC Validation Test

ACE = ACCW/
• Was difficult to start – what activities are feasible legally, and

Average Climate Capture Width (ACCW) = The
absorbed power of the device (kW) divided by the
wave power flux per meter crest width (kW/m)

what is the best use of everyone’s time?

Characteristic Capital Expenditure (CCE) = Total
Surface Area (m 2) x Representative Structural
Thickness [RST (m)] x Density of Material(s) (kg/m 3)
x Manufactured Material Cost per unit Mass [MMC
($/kg)] for all applicable materials

• Recent activities:
• OE deployment award – joined with award from Ireland

ECM: Mid-fidelity search scheme

• SEAI joined DOE’s Go/No-Go meeting, attended
IMREC/METS
• Now relationships are set up for future collaboration
with/without MOU
11

eere.energy.gov

12 | Energy Efficiency & Renewable Energy
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Environmental
Research: work
funded by DOE has
been instrumental in
improving our
understanding of
environmental
impacts through novel
research and bringing
together global
knowledge to retire
environmental risk.

MHK Data Repository

Flume Studies

Strike Consequences Analysis

Turbine

https://mhkdr.openei.org/
Fish
13 | Energy Efficiency & Renewable Energy
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Examples of State/Government
Policy

US DOE Limitations
•

Focused on technology development (not policy)

•

Can provide analysis for policy, but cannot offer incentives (this is done by
Congress); cannot influence policy makers

•

Cannot control the different regulatory organizations – focusing on collaboration &
building relationships to share information

•

Difficulty in contributing funds to international research efforts / testing

• Renewable Portfolio Standards by state
• Military goals for energy independence and sustainability - (U.S.
Navy’s interest in wave energy)

Industry challenges:
•

Permitting has been more challenging than industry anticipated and therefore
slowed down progress

•

Building a reliable, cost-effective device has been more challenging than the
industry thought

•

It is slow & expensive to demonstrate -> no cash flow -> makes difficult getting
venture capitalists interested

15 | Energy Efficiency & Renewable Energy
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Marine and Hydrokinetics (MHK)
Resource Potential

Renewable Portfolio Standard Policies
www.dsireusa.org / October 2015
ME: 40% x 2017

WA: 15% x 2020*
ND: 10% x 2015

MT: 15% x 2015
OR: 25%x 2025*

NH: 24.8 x 2025
MN:26.5%
x 2025 (IOUs)

SD: 10% x 2015

WI: 10%
2015
IA: 105 MW

NV: 25% x
2025*
CA: 50%
x 2030

VT: 75% x 2032
MA: 15% x 2020(new resources)
6.03% x 2016 (existing resources)

31.5% x 2020 (Xcel)

(large utilities)

UT: 20% x
CO: 30% by 2020
2025*†
(IOUs) *†
KS: 20% x 2020

AZ: 15% x
2025*

NM: 20%x 2020
(IOUs)

MI: 10% x
2015*†

NY: 29% x 2015

RI: 14.5% x 2019
CT: 27% x 2020

IN: OH: 12.5%
IL: 25% 10% x x 2026
x 2026 2025†

MO:15% x
2021

NJ: 20.38% RE x 2020
+ 4.1% solar by 2027

PA: 18% x 2021†

VA: 15%
x 2025†

DC

NC: 12.5% x 2021 (IOUs)

OK: 15% x
2015

DE: 25% x 2026*

Theoretical U.S. MHK
Resources

MD: 20% x 2022
DC: 20% x 2020

SC: 2% 2021

TX: 5,880 MW x 2015*

29 States + Washington
U.S. Territories

HI: 100% x 2045

Renewable portfolio standard
Renewable portfolio goal

*†

NMI: 20% x 2016

Guam: 25% x 2035

PR: 20% x 2035

USVI: 30% x 2025

DC + 3 territories have a
Renewable Portfolio
Standard
(8 states and 1 territories have
renewable portfolio goals)

Extra credit for solar or customer-sited renewables
Includes non-renewable alternative resources
18 | Energy Efficiency & Renewable Energy
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State Renewables Portfolio
Standards (RPS)

State Renewables Portfolio
Standards (RPS)

Tidal is eligible in
South Carolina
according to the
summary of the RPS

Wave
19 | Energy Efficiency & Renewable Energy

Tidal
eere.energy.gov

20 | Energy Efficiency & Renewable Energy

Thank You - Questions?

Alison LaBonte
Marine and Hydrokinetic Program Manager
Alison.LaBonte@ee.doe.gov
Water Power Technologies Office

21

eere.energy.gov
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Ocean policy in Sweden
Ocean policy
workshop

• Marine Spatial plan (UD)
• Research site

12th of May

• Green certificate system

Brastad, Sweden

• Funding R&D&I and demonstration

Ocean Energy Potential
Realistic
potential

Wave Energy

Tidal Energy

Sweden

• 10 – 30 TWh/year
• ≈ 7 % of electricity use

• No potential

West
Europe

• 420 TWh/year
• ≈ 15 % of electricity use

• 48 TWh/year
• ≈ 1.5 % of electricity use

Worldwide

• 4 400 TWh/year
• ≈ 28 % of electricity use

• 350 TWh/year
• ≈ 2.2 % of electricity use

Support Measures

GREEN CERTIFICATES
(ELCERTIFIKAT)
Source: Ocean Energy Center - https://www.chalmers.se/en/areas-of-advance/energy/Documents/Energidagen%202012/Lars%20Bergdahl.pdf

What is green certificates?

How does it work?

• A market based support scheme for
renewable electricity

1

• Entitled production: all renewable electricity
(except large-scale hydro power. Peat is also
included)

1 - Entitled production receives one certificate per MWh
2 - Certificates are traded on the market
Certificate = extra revenue in addition to the electricity price revenue

• Replaced previous investment and
operational state aid

3 - Demand is created by a quota obligation
4 - Cost of certificates is passed on to end consumers
5 - Cancellation of quota certificates April 1st every year

• Common system and market in Norway and
Sweden since 2012
5

•

Electricity-intensive industry is exempted

•

0.3 €-cent(0.027 SEK) per kWh for the end consumer

6
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Distribution (2014)
20.00

TWh (million certificates)

18.00
16.00
14.00

Peat

12.00

Solar
Bio

10.00

Hydro
8.00

Wind

6.00

Support Measures

PUBLIC RESEARCH FUNDING

4.00
2.00
0.00

Sweden

Norway

7

Process when forming the
programme

Public Funding of Ocean Energy Research
(2003-2014)
Public funding organisations:






Internal identification

Swedish Research Council (6.4 Billion SEK/Year)
VINNOVA, Sweden's innovation agency (2.7 Billion SEK/Year)
Swedish Energy Agency (1,4 Billion SEK/Year)
Swedish Agency for Economic and Regional Growth
Västra Götalandsregionen

Recipient
Seabased Industry AB
Uppsala universitet
Seabased AB
Chalmers Tekniska Högskola AB
Corpower Ocean AB
Minesto AB
Vigor Wave Energy AB
Ocean Harvesting Technologies AB
Falkung Miljö Energi AB
Totalt

Belopp (tSEK)
141 992
66 650
17 859
10 220
7 139
5 274
1 000
441
250
250 825

Requirement
specification and
consultan assignment

Andel
56,6 %
26,6 %
7,1 %
4,1 %
2,8 %
2,1 %
0,4 %
0,2 %
0,1 %

• Mapping of the sector
and their needs
• Survey
• 2 workshops

External planning
group

• Representatives from
authorities, universities,
utilities, institute
• Input to the programme
description

Internal analyse

• Selection of areas of
research etc.

Programme
description

Evaluating proposals
with the help of
external advisory
board and
international experts

Ocean Energy in Sweden –Stakeholders

Marine energy conversion programme

Public Funding and Interest Organisations
Swedish Energy
Agency

• In total, SEK 53 million (around 5,6 Meuro) are allocated
to the program for the period 01/01/2015–31/12/2018
• Goals

Vinnova

Swedish Agency
for Marine and
Water
Management

Västra
Götalandsregion

Lysekil
Municipality

Corporate Technique Developers

Luleå Technical
University

Research Organisations

KTH

Chalmers

Bleckinge
Institute of
Technology

SSPA
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Exim Strömturbiner

Ocean Dynamic Power

Tidal / Current energy
Phase: Small scale ocean
demo
Employees: < 5
Location:Stockholm

Tidal / Current energy
Phase: Full scale ocean demo
Employees: < 5
Location:
Stockholm/Switzerland

Corpower Ocean

SP
(RISE)

• Call 1 - 2015: 7 projects funded ≈30 MSEK (23 submitted)
• Call 2 - 2016: 26 projects submitted

Current Power
Tidal / Current energy
Phase: Full scale ocean demo
Employees: < 5
Location: Uppsala

Wave energy
Phase: 1/2 scale ocean
demo
Employees: 5-10
Location: Stockholm/UK

Minesto
Tidal / Current energy
Phase: Full scale ocean demo
Employees: 20-30
Location: Gothenburg/UK

SKF

ABB

Seaflex Energy
Systems

Ocean Harvesting Tech.
Wave energy
Phase: Lab / Tank test
Employees: < 5
Location: Karlskrona

Fortum

Wave4Power
Wave energy
Phase: Full scale ocean
demo
Employees: < 5
Location: Gothenburg

Wavetube

Vigor Wave Energy

Wave energy
Phase: Lab / Tank test
Employees: < 5
Location: Gothenburg

Wave energy
Phase: Lab / Tank test
Employees: 5-10
Location: Gothenburg

Vattenfall

E.ON

Gothenburg
Energy

Electricity Supply Companies

– help to improve Sweden’s already strong position within
research and development
– contribute to the development of sustainable electricity
production systems, with the potential for implementation in
Sweden and abroad
– contribute to increased collaboration between (and within) the
private and academic sectors, both nationally and
internationally

Seabased
Wave energy
Phase: Full scale ocean demo
Employees: 60-70
Location: Uppsala/Lysekil

Suppliers

Uppsala
University

A Taxonomy of Early Wind Machine Designs 1975

U.S. Lessons From Wind
Energy Development

OES Workshop 4: Ocean Energy Policy
Lessons Learnt
May 12, 2016
Smogen, Sweden

Source: Wind Machines, by Frank Eldridge National Science Foundation, October 1975

Bob Thresher, NREL Research Fellow

The original wind energy concepts were highly diverse and some where quite complex

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.

2

Early U.S. DOE Research Turbines: All 2 Bladed

A Taxonomy of Early Wind Machine Designs 1975

The Mod-2 Wind
Turbine
2.5 MW - 300 Foot
Rotor
Goodnoe Hills, WA
1981 - 1988

The Mod-0
100/200 kW Wind Turbine
NASA Plum Brook Station,
Ohio
1973 - 1985

The Mod-1
2 MW – 200 foot Rotor
Wind Turbine
Boone, NC
1979 - 1981

Source: Wind Machines, by Frank Eldridge National Science Foundation, October 1975
The original wind energy concepts were highly diverse and some where quite complex

The Mod-5B
Wind Turbine
2.5 MW - 320
Foot Rotor
Oahu, Hawaii
1985 - 1993

Research turbines fully government
funded to prove technical feasibility

3

4

4

Expect First Prototype Machines to Fail
Learn from the Failures:
Make Sure to Measure, Analyze, Model, and Redesign

1st Variable
Speed Turbine
Induction
Generator

Wound Rotor
With Power
Converter

1st Full Power
AC‐DC‐AC
Converters

5

6
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The Factors That Maintained the Wind Industry in the1980s?

Wind Energy Technology and Market Evolution 1981 - 2012

1. Up‐front large capital cost subsidies for installing wind turbines
in CA established the early wind farms to get the turbines
installed
2. Followed by high energy price California Standard Offer # 4
power purchase contracts for Independent Power Producers in
CA that generated a good cash flow for the companies to keep
the turbines running an evolve the technology
3. DOE R&D technology support supplied wind models, dynamics
codes, turbulence models, array models, testing of components
and systems in the laboratory and in the field and guided the
R&D
4. Later in the 1990s, there was direct support for advanced
turbine design, development and testing, as well as support for
the IEC international standards that needed for a global market
and large project finance

Decade of Rapid Technology Evolution
Energy Cost Trend Line

California & federal capital
subsidy + high electricity
prices/SO4 contracts, with
strong DOE R&D support

PTC driven California with
technology R&D by DOE

Breakout of CA to National
with DOE support and PTC
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The Advanced Wind Turbine Program
The goal of the Advanced Wind
Turbine (AWT) Program is to assist
industry efforts in incorporating
advanced wind turbine technology
into commercial machines for the
near term (1993 - 1995), and to
provide the next generation of utilitygrade wind turbines for the mid-term
(late 1990s).

WindPACT/LWST Program

TVP Program

The AWT Program

EPACT – 1.5 cent PTC

Cooperative Testing

President Reagan
1980‐88

Wind was a Boutique Industry Until 2000

Note that two of the three baseline turbines were
two bladed and two companies went bankrupt!
9

The DOE‐EPRI Turbine Verification Program
The TVP Program supported the U.S.
wind industry’s move out of California!

Developed in Government – Industry Partnerships

Altamont Pass, CA

The vision was to work with industry to
improve existing technology while
sponsoring the development of a new
generation of advanced technology with
much improved LCOE
10

AWT Program Wind Industry Prototypes – Mid 1990s

The Kenetech 33 M VS
Prototype Circa 1994

Two Pathways

Zond Technology
bought by GE
out of Bankruptcy
The Z-40 A Prototype
Circa 1994
Tehachapi Pass, CA

The Flowind EHD Prototype
Turbine Circa 1994
Tehachapi, CA

The AWT 26 Prototype
Turbine Circa 1994
Tehachapi, CA

ZOND Z-40A WIND TURBINES AT
THE CENTRAL AND SOUTH WEST
SERVICES WIND PLANT IN THE
DAVIS MOUNTAINS NEAR FORT
DAVIS, TEXAS

After 20 years of R&D, there was still a relatively
diverse set of completing wind energy technologies
and none of these companies exist today!
11

A ZOND Z-40FS WIND TURBINE AT
THE GREEN MOUNTAIN POWER
WIND PLANT NEAR SEARSBURG
VERMONT SPECIALLY COATED
BLACK BLADES REDUCE ICING.
12
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Low Wind Speed Technology Program

Low Wind Speed Technology R&D Studies
A major R&D push to get the LCOE the competitive range for
larger multi‐megawatt turbines. The objective was to assess,
analyze, and test major high risk concepts at the MW scale in a
generic prototype. All study and test results were put in the
public domain and most of the studies were done by industry.

LWST Planning and Systems Integration

LWST Public/Private Partnerships

A strong technology push
exploring multiple technology
pathways to lower LCOE!

Concept and Scaling Studies
WindPACT Scaling Studies
(I) LWST Concept Studies
RFP

(II) Concepts
RFP

• Larger-scale 2 to 5 MW, with rotors diameters to 120 meters

Component Development
WindPACT Component Development (Drive Trains, Blades

• Flexible, thin high-speed rotors

(I) LWST Component Development
RFP

• Extendable rotor concepts

(II) Component Devt.
RFP

• Hybrid glass-carbon rotors

Systems Development

Next Generation Turbine (NGT) Class 6 Prototypes

• Load feedback control systems

(III)

3 cents/kWh
in Class 6

RFP

Class 4 Prototypes

(I) LWST System Development
RFP

(II) System

• Custom designed low-speed, permanent-magnet generators

4.5 cents/kWh
in Class 4
3 cents/kWh in
Class 4
Devt.
(III)

RFP

RFP

Supporting Research and Testing

• Self-erecting tall tower designs, 85 to 100 meters tall
• Offshore wind turbines

Budget

13

13

$0M

$10M

FY2001
2002
Ongoing
Projects

• Wind/hydrogen production

$23M

$30M

$30M

2003

2004

2005

Phase I/2002

Phase II/2004

$15M
2010
Phase III/2006

Self Erection Concepts to be Explored

Promising LWST Drive Train Concepts to be explored
1.5 MW Direct Drive
1.5 MW Baseline
Grid Interface
Transformer

3

Telescoping
Tower

21 kVrms

Jack Up Tower

Stator
Slip Rings
Gearbox

Wound
Rotor

3 Stage

3
3

Wound-Rotor
Induction Genrator

PE

1.5MW Multi‐Generator Drive
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Due Diligence Drivetrain Testing

DOE National Laboratories performed due diligence

Year
Challenges /
Innovations

1990

1995

Development
of normative
methods

Precision
control

2000
Dual axis
testing

2005
Resonant
testing

2010
Advanced
blades

Sensing

Zond Z-750

GE 1.5 MW

Northern 1.5 MW

Northern 2.3 MW

Clipper (8 Gen)

Clipper (4 Gen)

2015
Resonant
Dual Axis
Testing

Samsung 2.5 MW
17

Clipper Liberty

GEC 1.5 MW

NREL/DOE GRC 3

NREL/DOE GRC 1&2

GE 2.75 MW
18
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The Lesson from Wind Energy
1.
2.
3.
4.
5.
6.

7.
8.

Creating a complex competitive new industry takes time
Expect prototype failures and bankruptcies
A diverse set of competing technologies is not bad
Supporting R&D and comprehensive testing is essential
Supporting subsidies or high value niche markets are needed for early
sales to sustain the industry
There are two R&D pathways that need to be developed simultaneously:
incremental improvements in the near term, and innovative approaches
for the long term.
Multiple rounds of R&D and development are needed to push the
technology
Due diligence review and testing to catch problems is critical to success
in deployment
Thank You and Questions?
Robert Thresher, Research Fellow
Robert.Thresher@nrel.gov
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