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Executive Summary  
 
The European Commission’s Sixth Framework Programme Co-ordinated Action on Ocean 
Energy (CA-OE) has set out to produce an initial Tidal Energy Research, Development and 
Demonstration (RD&D) Roadmap.  To this end the Roadmap utilises five top-down levels (top 
first): Policy Goals, Vision, Sectors, Platforms, and Milestones. 
 
Based on current EU policy and legislation, the Roadmap sets a vision that “tidal energy 
technology should be established as a mainstream co mmercially viable means of power 
production by 2020 providing bankable, reliable, se cure, sustainable energy towards the 
EU renewable targets”.  
 
The Tidal RD&D is segmented into 7 diagrammatic timeline Sectors covering the major RD&D 
themes identified. To aid clarity, these are subsequently broken down into Platforms with specific 
timed milestones to be completed.   
 
The Roadmap demonstrates that the Vision statement is achievable in timely steps by 2020, but 
given the present rapid rate of development it is recommended that a yearly Roadmap review and 
update be provided in conjunction with the tidal energy community and key stakeholders. This 
should ensure that the tidal community’s visionary goals are clearly communicated and rapidly 
realised. 
 
In tidal energy there is likely to exist the potential for great wealth creation through the delivery of 
clean, predictable, and sustainable energy.  The aim of this Roadmap and the CA-OE Partners is 
that by the year 2020 the advantages of tidal energy will be a solid commercial reality. 
 
 
 
Keywords:  roadmap, renewables, tidal, energy, research, development, demonstration, 
European, policy, technology, sectors, milestones. 
 
 
 
Abbreviations: 
AC    Alternating Current 
AI    Artificial Intelligence 
CA-OE    Co-ordinated Action on Ocean Energy 
DC    Direct Current 
EC    European Commission 
EU    European Union 
FP6    Framework Programme Six 
IEA    International Energy Agency 
MW    Mega-Watt 
O&M    Operation and Maintenance 
OES    Ocean Energy System 
PTO    Power Take Off 
RD&D    Research, Development and Demonstration 
ROV    Remotely Operated Vehicle 
SCADA    Supervisory Control and Data Acquisition 
SME    Small – Medium Enterprise 
TEC    Tidal Energy Converter 
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1 Introduction 
 
The Renewables Directive (2001/77/EC) of the European Parliament and of the Council sets an 
indicative European target for renewable electricity supply (22.1%) by 2010.  Each Member State 
has agreed specific contributions to meet this target, and additionally most have set more 
stringent goals for 2020.   
 
Tidal energy is inherently predictable and it is widely accepted that this significant resource could 
have a substantial impact in meeting future European renewable targets.  However the 
technology is under development and the economics currently are not attractive within 
unsubsidised power markets.  A number of countries have put in place measures to encourage 
tidal technology research, development and demonstration (RD&D) in order to quantify and then 
reduce the associated costs and risks to the point of market competitiveness.   
 
The European Union’s Sixth Framework Programme Co-ordinated Action on Ocean Energy (CA-
OE) has investigated the RD&D needs of ocean energy technologies in a structured fashion.   
The CA-OE involved the majority of the industrialists and academics in the ocean energy sector 
and this RD&D Roadmap is a distillation of the tidal knowledge shared.  This roadmap attempts to 
list the sequence of steps required to produce a mature tidal industry with the ability to compete 
under current market conditions. 
 

1.1 Overview of Report 

 
Section 1  introduces the Roadmap and outlines the structure of the document. 
 
Section 2  outlines current European Union Policy with regard to the promotion and provision of 
renewable energy.  The renewable electricity targets and implementing mechanisms pertinent to 
tidal energy converters are described for each maritime EU member state. 
 
Section 3  describes the EU 6th Framework’s Coordinated Action on Ocean Energy, its objectives, 
and its delivery of this Tidal Energy Roadmap. 
 
Section 4  summarises the current status of tidal energy conversion with reference to all publicly 
known (as of December 2007) devices and projects.  Conclusions are drawn as to maturity of the 
sector and the necessity for an RD&D Roadmap. 
 
Section 5  sets out and explains the Vision to which the Roadmap aspires. 
 
Section 6  contains the detailed Roadmaps for the seven RD&D Sectors.  The Roadmaps contain 
the identified RD&D challenges, entities to resolve these, and milestones for their completion. 
 
Section 7  is a brief conclusion, and contains an invitation to view this as an evolving or living 
document over the coming years as the community progresses to the successful 
commercialisation of tidal energy conversion. 
 
Section 8  contains the Appendices summarising the information used to inform the Roadmap:   

·  Annex 1 contains a listing of those who contributed to the five CA-OE Workshops, 
including industrialists, academics, policy makers and many others. 

·  Annex 2 summarises the various EU renewable energy policies and over-arching support 
mechanisms available to tidal renewable energy developers. 

·  Annex 3 lists and briefly describes all tidal technologies and concepts of which the 
authors were aware in December 2007. 

·  Annex 4 lists and summarises other Marine Roadmaps. 
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2 European Renewable Energy Policy Framework 
 
In 1997, worldwide governments agreed on the Kyoto Protocol. The protocol established legally 
binding targets to reduce the collective greenhouse gas emissions by just over 5.2 per cent from 
1990 levels by 2008–12. The European Union, a leading voice in the Kyoto negotiations, agreed 
to an 8 per cent reduction, which was subsequently shared between the member states.  
Renewable energy resources were envisaged as playing a part in this process and further 
legislation was implemented to support their exploitation.  
 
In addition to combating climate change, the promotion of electricity from renewable sources of 
energy is a high priority in the EU for several reasons including: security and diversification of 
energy supply; environmental protection; and social and economic development.  The European 
Union White Paper, ‘Energy for the Future: Renewable Sources of Energy’ published in 1997 
recognised this and resulted in a specific Directive for renewable energy. 
 
The Renewables Directive (2001/77/EC) of the European Parliament and of the Council, sets out 
the overall indicative European target for renewable electricity supply (22.1%), and the indicative 
Member State contributions for 2010.1  The member countries are given the freedom to choose 
the appropriate mechanism for achieving their specific targets.  Figure 1 summarises European 
country renewable policies and the mechanisms in place for achieving the specific targets. 
 
In addition to Governmental ‘push’, the market ‘pull’ is from the investors who wish to achieve a 
reasonable return on capital.  Currently, Tidal Energy Converters (TECs) are not competitive 
without subsidy however they show good promise of being so within about a decade.  In the 
meantime early investors are rewarded for their risk taking by higher energy tariffs, grants and 
government support as described by the policies and mechanisms outlined in Figure 1. 
 
 

 

 

                                                 
1 Available at http://www.berr.gov.uk/files/file23691.pdf 
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Figure 1 : Renewable policy targets and measures for EU maritime countries
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3 The EU Co-ordinated Action on Ocean Energy (CA-OE ) 
The Co-ordinated Action on Ocean Energy (CA-OE) was funded under the European 
Commission’s Sixth Framework Programme and was undertaken with the objectives to:  

·  develop a common knowledge base necessary for the coherent development of RD&D 
policies, 

·  bring a co-ordinated approach within key areas of ocean energy research and 
development, and 

·  provide a forum for the longer term marketing of promising research deliverables. 

Primary attention was given to the collation and evaluation of data from ocean energy systems 
tested in real sea conditions with the objective of undertaking performance studies and analysis.  

A focus of the work was the revision and implementation of standards for monitoring of 
conditions, measuring device performance, and presenting the results as described in Annex II of 
the IEA Implementing Agreement on Ocean Energy Systems. In addition, work was undertaken 
on the standards related to safety in relation to structure, personnel, and electrical systems as 
prepared during the Wave Energy Network programme. 

In order to disseminate the knowledge and promote the technologies CA-OE organised five 
dedicated interactive workshops as vehicles to enable cooperation between the interested 
European parties in the sector of Ocean Energy.  These workshops provided a forum for the 
different research organisations and the fledgling ocean energy industry to interact and co-
ordinate ongoing RD&D efforts in the fields of Wave and Tidal energy on a European and 
international level. 

New knowledge was shared and disseminated between all interested parties and promising 
methodologies and technologies transferred to the market. The partners of this co-ordination 
action are the leading forces in Ocean Energy, and the SME organisations the pioneers on the 
road to commercialisation of Ocean Energy systems.  Figure 16 lists the partners.  Additionally a 
number of associate and international partners contributed to the proceedings and are listed in 
Figure 17. 

 

3.1 CA-OE RD&D Roadmap Approach and Rationale 
As a part of the summative output from the CA-OE, this Tidal Roadmap has been authored to 
provide a summary of the RD&D requirements if tidal renewable energy is to become a significant 
industry, and contribute to meeting EU renewable energy targets.  The Roadmap should provide 
a clear path to prioritise where RD&D investments should be made to provide maximum benefit to 
the development of the tidal energy industry. 
 
The RD&D Roadmap will: 

·  provide clearly communicated RD&D priorities toward meeting the policy goals; 
·  evolve and become a living document as policy, market and technologies develop; and 
·  contain a number of sectors for strategic over-arching RD&D areas to aid planning. 
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Figure 2 : CA-OE Roadmap Process 
 
The Roadmap lists the identified RD&D requirements, the timing of the necessary deliverables 
according to milestones, and the resourcing required, thereby allowing a holistic joined-up 
approach to RD&D.  It is a planning mechanism and communication tool that establishes the 
linkages between EU Policy objectives and commercial imperatives, leading to a deduction of the 
necessary European RD&D priorities.  Figure 2 summarises. 
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Figure 3 : Key stages of tidal technology development2 

                                                 
2 Adapted from Pier Renewable Technologies Program, RD&D Roadmap, California Energy Commission 2007. 
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This RD&D Roadmap is a distillation of the relevant tidal energy papers, presentations and 
discussions at the European Wave and Tidal Energy Conferences over the past 5 years and the 
5 specific CA-OE workshops: 

1. Modelling of Ocean Energy Systems (Aalborg, Denmark: April 2005) 
2. Component Technology and Power Take-off (Uppsala, Sweden: November 2005) 
3. System design, Construction, Reliability & Safety (Amsterdam, Netherlands: March 2006) 
4. Performance Monitoring of Ocean Energy Systems (Lisbon, Portugal: November 2006) 
5. Environmental, Economics, Development Policy and Promotion of Opportunities 

(Copenhagen, Denmark: April 2007) 
 
 

3.2 Key Roadmap Components 
 
This Roadmap consists of five components: policy goals, roadmap vision, sectors, RD&D 
objectives, and milestones.  Seven sectors have been defined to provide thematic coverage of 
the RD&D needs for TECs.  These are: resource; environment; technology; test and standards; 
network integration; installation, O&M and decommissioning; Education, Market and Regulatory 
Transformation.  Figure 4 summarises the components and describes their purpose. 
 
   

 
Roadmap Component 

 

 
Definition 

 
Importance 

Policy Goals Key EU and Member State policy goals  Establishes the policy goals that 
RD&D should support 

Vision Statement describing what the RD&D is 
working towards 

Specifies the overall target to be 
achieved 

Sectors & Objectives Strategic areas of focus for RD&D and 
management attention 

Structures the research activities 

Platforms  The key issues the community must 
work towards to achieve the Sectoral 
Objectives 

Provides a focal point for what is 
strategically important 

Milestones A timely series of specific goals that will 
solve the Platform issues and therefore 
accomplish the Sectoral Objectives and 
Vision 

Breaks down the issues into a series 
of timed manageable goals 

 
Figure 4 : Key Elements of the CA-OE Roadmap 
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4 Tidal Energy Converter Technology Status 
Energy has been converted from tides and marine currents over many centuries, however 
recently due to the aforementioned political concern, a new surge in development has begun.  
This section summarises the current world-wide state of play for TECs.  Annex 3 contains a listing 
of all known TECs and a brief outline of their developmental status.  Although there have been a 
large number of tank tests, and a smaller number of sea tests (11) undertaken to date, Figure 5 
summarises the recent, current and proposed worldwide devices tested for more than 1 year at 
sea. Figure 6 summarises the existing and ‘almost certain’ envisaged installations (MW capacity) 
according to all manufacturers at the end of 2007.  Less reliable, but nonetheless specific, device 
developer predictions are made for a further 3,762 MW of tidal capacity to 2020; however the 
veracity of these, including that of one developer accounting for 3,000 MW of this capacity by 
2009 can not be substantiated. 
 
It is thus clear that in terms of both the numbers of projects, and the installed capacity, this 
industry is at the RD&D stage of technology evolution, and indeed if the projected capacities are 
to exist, there are likely to be many further RD&D issues that must be both identified and resolved 
during the coming years.  The production of this tidal energy converter roadmap is thus timely 
and necessary if market penetration expectations are to become realistic and realisable. 
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Figure 6 : Cumulative historical and proposed (funded, non barrage) TECs by capacity. 

   
 

5 Vision 
 
 “Tidal energy technology should be established as a mainstream commercially viable 
means of power production by 2020 providing bankabl e, reliable, secure, sustainable 
energy towards the EU renewable targets.” 
 
The two over-riding parameters for the successful uptake and penetration of tidal energy 
converters are cost-efficacy within mainstream power markets (including positive and negative 
externalities), and proven long-term reliability.  All other technical and wider research objectives 
stem from these two factors and will ultimately make such technologies a bankable asset rather 
than a supported industry with high inherent, though manageable, risk.  
 
The vision statement does not include an expected capacity of tidal energy converters by 2020.  
This is because at present such numbers are guesswork generally based on future estimates of 
technology cost, possible incentive schemes, and without full regard of competitive power 
markets.  What is nonetheless certain is that: should sufficient recognition and support be given 
to RD&D and the early adopters of the technology, to the point where TECs are proven and cost 
effective in the power market, the market will adopt such technology far in excess  of any of 
the present 2020 projections . 
 
Accurate market-based projections should form the foundation for setting a realistic level of 
Government investment and future return aspirations, thereby allowing policy makers to 
recognise the possibilities afforded.  Based on this analysis, it is therefore up to Government to 
formulate policy to provide sufficient incentive to produce new technologies, with the cost to the 
tax payer or investor being directly related to the envisaged risk and return. 
 
It may also be considered vital that the tidal community does not initially become fixated by 
capacity figures rather than on producing a very wide range of relevant research, development 
and demonstration that allows the technology to become fully commercial as rapidly as possible.  
Capacity growth will then itself be rapid and self-sustaining, resulting in the delivery of large 
quantities of predictable, clean and economic energy. 



EC FP6 Coordinated Action on Ocean Energy   Tidal Roadmap 

13 

 

5.1 Development and Deployment Progression 
 
Figure 7 describes the likely research and deployment progression required to meet the vision of 
a commercially viable tidal industry by 2020. 
 

 
 

Figure 7 : Timeline of probable development progression (shading matches effort level) 
  

 
The progression illustrated in Figure 7 is not prescriptive, and although it is expected that the 
majority of, for example, basic RD&D effort will be front-loaded to the earlier years, it will still be 
required at the later stages as further issues and challenges emerge.  It should also be noted that 
the range of acceptable ideas in the ‘less costly’ early stages should be wide in order for the 
maximum number of concepts to be tried and the knowledge from ‘learning by doing’ to be 
gained.  At the later (more costly) stages, concepts will naturally be filtered by transparent 
engineering and financial analysis, to those likely to commercially succeed. Those concepts 
succeeding at the full-scale stage will be most able to attract sufficient investment to gain the 
leverage that comes from economies of scale in array deployment. 
 
It is not however impossible that new and better (or step-change) concepts appear much later on 
in the proposed timescales and will not fit the envisaged development and deployment scenario. 
This is the reason for not being prescriptive, either in policy or support, rather taking each 
technology on its own merit at any point within the above development progression. 
 
With the envisaged development and deployment progression, there are a number of broad 
cross-cutting strategic sector objectives. These are outlined in the following section. 
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6 Roadmap Sectors and Platforms 
   
 
Figure 8 outlines the Roadmap Sectors including a brief description.   
 

 
Roadmap Sector 

 

 
Objectives 

Resource and market Reliable quantification of the tidal resource and market to encourage 
adequate investment. 

Environment TEC deployment and operation in such a manner as to minimise impacts. 
Technology To commercially prove and improve TECs by RD&D of concepts, 

components and systems. 
Test and Standards To allow directly comparative assessments of TECs while ensuring 

reliability and fitness for purpose. 
Network Integration To meet electrical network standards and support system stability. 
Installation, O&M, 
Decommissioning 

To safely, efficiently and economically, allow operation of TECs while 
ensuring minimum impacts to the environment and its inhabitants. 

Education, Market and 
Regulatory Transformation 

To present the facts (performance, impacts, economics) to investors and 
policy makers for transparent decision making. 

 
Figure 8 : Roadmap Sectors 

 
 
Each of the Roadmap Sectors is further divided into more manageable Platforms which describe 
the basic RD&D themes required to meet the Sectoral objectives.  These are tabulated and briefly 
explained at the beginning of each of the individual Sector roadmaps. 
 
Each Sectoral roadmap is an integral part of the overall Roadmap3, providing the specific RD&D 
issues and milestones required to develop a mature tidal energy industry that pertains to the 
Vision set out in Section 5. 
 
 

                                                 
3 The accompanying CA-OE Tidal Roadmap poster provides the entire proposition at a glance. 
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6.1 Detailed Roadmap: Resource and Market 
 
Roadmap Platforms Description Why is it important? 
Survey Quantification of resource and 

associated characteristics 
This is the basis for determining TEC 
and possible market success 

Modelling Numeric and computational 
representation of the survey and TEC 
characteristics including extrapolation 

Allows analysis of the resource and 
TEC interactions for optimisation 

Monitoring Methods for capturing real tidal data 
appropriate to TEC evaluation 

Provides clear quantification of TEC 
performance and environment 

Market Accurate quantification and qualification 
of the Worldwide market opportunity 

Informs investors (public & private) 
as to the possible returns 

 
 

 
 

Figure 9 : Resource and Market Sector 
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6.2 Detailed Roadmap: Environment 

 
Roadmap Platforms Description Why is it important? 
Flora & Fauna Environmental impacts on all animal and 

plant matter that may be in proximity to, 
or affected by, TECs 

Human Impacts Human impacts brought about through 
TEC installation, operation and 
decommissioning 

Physical Impacts The non-organic coastal and marine 
impacts of TECs 

Impacts on TECs The physical impacts on TECs due to the 
environment in which they are deployed 

 
 
 
Impacts both positive and negative 
should be quantified to prevent 
damage and promote sustainability 

 
 

 
 

Figure 10 : Environment Sector 
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6.3 Detailed Roadmap: Technology 
 
Roadmap Platforms Description Why is it important? 
Hydrodynamics The science of fluid dynamics specific to 

TEC development and resource analysis 
Hydrodynamics provides the basis 
for all TECs, and will be used to 
maximise efficiency while minimising 
impacts 

Structural TEC structural elements including rotor 
blades, foils, nacelles, etc. 

TEC structures must be reliable 
under great stress and fatigue 
loadings 

Systems TECs are made up of a number of 
complex systems each inter-acting to 
provide the overall system function 

System analysis will provide the 
optimum solution for a particular 
application and allow suitable control 
implementation 

Power Take Off Power take off converts the mechanical 
energy into useable or transmittable form 
meeting human needs 

This is the output from the 
technology that may be traded to 
attract investment 

Support and Moorings The TEC must remain ‘on-station’ to 
capture the tidal energy, supports and 
moorings allow this 

Allows reaction against the tide and 
provides operator locational certainty 

Protection Specific protection against the wearing 
and deposition influences of the marine 
environment 

Corrosion may lead to TEC failure, 
while marine growth will create lower 
hydrodynamic efficiencies and extra 
loading 
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Figure 11: Technology Sector 
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6.4 Detailed Roadmap: Test and Standards 
 
Roadmap Platforms Description Why is it important? 
Performance Assessment The evaluation of TECs according 

to prescribed methodologies 
Allows comparison of devices across 
all important parameters 

TEC Standards Minimum standards across all 
important parameters for TEC 
certification 

Sets the standard for design and 
manufacturing and gives investors 
product confidence 

Test Facilities Suitable facilities for performance 
assessment and TEC standard 
criteria 

Allows physical verification at 
certified facilities to meet test and 
standards criteria 

 
 

 
 

Figure 12 : Test and Standards Sector 
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6.5 Detailed Roadmap: Network Integration 
 
Roadmap Platforms Description Why is it important? 
Power Transmission Transmission of the TEC output to the 

user  
Provides the path to market for the 
outputs 

Grid Integration Acceptable integration of the TEC output 
to the existing electrical network 

TECs must meet the appropriate 
Grid Codes if they are to be allowed 
to export power 

 
 

 
 

Figure 13 : Network Integration Sector 
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6.6 Detailed Roadmap: Installation, O&M, Decommissi oning 
 
Roadmap Platforms Description Why is it important? 
Installation RD&D for the installation of TECs within 

the harsh marine environment 
Safe, efficient and cost-effective 
installation will be required if TECs 
are to become a commercial reality 

Operation This platform caters for the procedures 
and technologies to successfully operate 
tidal energy schemes 

Efficiency gains in operation will 
hasten and improve access to the 
market 

Maintenance TECs will require scheduled 
maintenance to system and ancillary 
components 

Easy maintenance has been viewed 
as one of the critical factors in unit 
availability and hence annual 
capacity factor 

Decommissioning The deconstruction and removal of the 
TEC and associated structures to leave 
the site in its ‘original’ state 

If sustainability is to be achieved, it is 
important that the environment is not 
degraded 

 
 

 
 

Figure 14 : Installation, O&M, Decommissioning Sector 
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6.7 Detailed Roadmap: Education, Market and Regulat ory Transformation 

 
Roadmap Platforms Description Why is it important? 
Public Education Sound education of the public at all 

levels with regard to tidal energy, the 
associated technology and the positive 
and negative impacts 

Allows properly informed debate and 
public support / pressure 

Developer Education Inter-developer information Sets realistic device performance 
specifications and eases the path to 
acceptance 

Policy-maker Education Policy makers are informed and 
develop suitable policy to meet TEC 
aspirations 

Provides the necessary basic 
support and streamlined processes 
to aid efficient development 

Investor Education Transfer of TEC information to 
investors and investment information 
to developers 

Produces investment for TEC 
development at acceptable risk 
premiums 

 
 

 
 

 Figure 15 : Education, Market and Regulatory Reform Sector 
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7 Conclusion 
This CA-OE Tidal Energy Converter Roadmap has comprehensively outlined the basic generic 
RD&D requirements if commercially viable tidal technology is to be available by the year 2020.  It 
is by no means prescriptive, but rather an initial edition of what should be a living and evolving 
document catering for the needs of the tidal community by informing policy makers and investors 
of the likely considerable returns and level of investment required to achieve them. 
 
Value would be added to the Roadmap if the backing resource required (monetary and other) to 
achieve each of the milestones could be estimated.  This would allow policy makers and investors 
to have a firm grasp on the investment required over the short and medium term to gain a good 
level of future return, based on the accurate resource and market assessments suggested within 
this Roadmap. 
 
As the present rate of development within the tidal sector is rapid, it is recommended that a yearly 
Roadmap review and update is provided by the tidal energy community in concert with all 
relevant stakeholders.  Additionally, this yearly output should be fed to investors and policy 
makers to fully inform these vital drivers of the technology.  To this end it is recommended that 
the Ocean Energy Association, or similar, undertake this up-dating task so that the tidal 
community’s visionary goals are clearly communicated and rapidly realised. 
 
It is clear that in tidal energy there is likely to exist the potential for great wealth creation through 
the delivery of clean, predictable, and sustainable energy.  The aim of this Roadmap and the CA-
OE Partners is that by the year 2020 the advantages of tidal energy will be a solid commercial 
reality. 
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8 Appendices 
 

8.1 Annex 1: CA-OE Participants 
 

Core Group  Country  

RAMBØLL DK 

University of Strathclyde, ESRU UK 

Centre For Renewable Energy Sources GR 

University College Cork, HMRC IE 

Wave Energy Centre PT 
   

Ocean Wave Power Developers and related institutes   

Ocean Power Delivery Ltd UK 

Teamwork Technology BV NL 

Queens University Belfast UK 

Instituto Superior Technico PT 

Aqua Energy Group UK, Ltd UK 

Wave Dragon ApS DK 

Ingenioerfirma Eric Rossen DK 

Ocean Energy Limited IE 

WavePlane International A/S DK 
   

Ocean Tidal Power Developers and related institutes   

IT Power Ltd UK 

C J Day Associates  UK 

Ponte di Archimedes S.p.A IT 

Stichting-IHE Delft NL 

Electricité de France FR 
   

Modelling of Ocean Energy Systems   

Aalborg University DK 

The University of Edinburgh UK 

Ecole Centrale de Nantes FR 

Group ESIM FR 

Bulgarian Ship Hydrodynamics Centre BG 

University of Southampton UK 

Ghent University BE 

University of Hanover DE 
   

Component Technology and Power Take-off   

Uppsala University SE 

University of Patras GR 

Chalmers University of Technology SE 

Technische Universiteit Delft NL 

Technische Universitaet Muenchen DE 

National Technical University of Athens GR 
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System design, Construction & Reliability   

Ecofys bv NL 
   

Performance Monitoring of Ocean Energy Systems   

Inst. Nac. de Eng. e Tecn. Ind., INETI PT 

The Robert Gordon University UK 

Powertech Labs Inc CA 

DHI Water & Environment DK 

Lancaster University UK 
   

Environmental, Economics, Development Policy & Promot ion   

SPOK Aps  DK 

IFREMER FR 

 
Figure 16 : EU 6th Framework Coordinated Action on Ocean Energy Partners 

 
 
 

Associate Partner  

Energetech AUS 

Sterndorf engineering DK 

Technical University of Denmark DK 

Wave Star Energy DK 

SAIPEM SA FR 

Voith Siemens Hydro Power Generation GmbH & Co. KG DE 

Germanischer Lloyd DE 

Universitet Leipzig DE 

ISET DE 

BOSCH DE 

DeaDalus Ltd GR 

National University of Ireland, Maynooth IR 

La Tene Maps IR 

Navigate Consortium IT 

Statkraft AS NO 

NTNU NO 

WAVEenergy NO 

Fugro OCEANOR  NO 

Kymaner, Lda PT 

Vattenfall SW 

NaREC UK 

Halcrow UK 

Renewable Energy Holdings PLC UK 

Embley Energy LTD UK 

E-on UK 

Aquamarine UK 

EMEC UK 

Oxford Oceanics UK 

Marine Current Turbines UK 

University of Cranfield  UK 
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Halcrow Group Ltd UK 

Waveberg Development limited US 

EPRI US 

Societe de Recherche du Pacifigue FR 

 
INCO Partners  

Applied Technologies Company Ltd RU 

ICICI Lombard General Insurance Co. LTD INDIA 

Badan Meterology dan Geofiska INDONESIA 

Harbin Engineering University CHINA 

Universidad Nacional Autonoma De Mexico MEXICO 

Indian Institute of Technology Madras INDIA 

 
Figure 17 : EU 6th Framework CA-OE Associate and INCO Partners 
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8.2 Annex 2: EU Funding & Programmes in Support of Government Policy 
This annex provides the basis for the summary table of EU policy and funding in each of the 
individual maritime member states, their renewable energy policies and implementing 
instruments. 
 

8.2.1 European Union Programmes and Specific Fundin g 

Intelligent Energy Europe 2 (IEE2):  Can be used to support projects promoting use of innovative 
techniques, processes or products which have already been technically demonstrated, but have 
not penetrated the market. Although technology R&D and “hardware” investments are not funded, 
deployment funding is considered. Support is up to 75% of project cost, with a typical project 
budget being €500k-2.5m, and involving a minimum of 3 partners. Total budget is €730m, and 
application calls are annual. The 2008 call for proposals opens in January and has €50m project 
support funding available. 
 
LIFE+: Funding for projects enacting community policy and legislation (especially 6th EU 
Environmental Action Programme). Funding levels of 50% of project values are available if the 
project is implementing innovative technologies under the “Environmental Policy & Governance” 
theme. Also, funding is available for collaborative work carried out under the “Nature and 
Biodiversity” theme, where portions of EIA may be funded. There is a history of technology 
showcase programme funding. The total budget is €2134m between 2007-2013. 
 
EU Structural & Cohesion Funds: Divided into 3 separate funds (European Regional 
Development Fund (ERDF), European Social Fund (ESF) and Cohesion Fund), this instrument is 
for use in areas needing an economic “boost” in terms of jobs, infrastructure and “growth”, and 
can be used for rural and offshore development. Funds are allocated to member states used to 
meet the objectives of European policy and dissemination routes are designated in a devolved 
manner. Total budget €308,000m between 2007-2013 with €9,400m available to the UK (at 2004 
prices)4. 
 
 
EU 6th Framework Program: This represents the main EU funding for promoting and support of 
R&D, and has a budget of some €16.3bn from 2002-2006. It is directly involved in promoting the 
ERA (European Research Area – a single market approach to R&D within the EU) and providing 
funds to pure research, industrial (including SME) and joint research/industrial R&D projects. 
Although the FP6 is no longer open for calls, there are a number of projects directly and indirectly 
funded from it coming to fruition, and the broad structure remains in place for FP7. 
 
FP6 is made up of 3 major “blocks” of activities grouped in two specific programmes plus a third 
specific programme on nuclear research (not shown): 

                                                 
4 From http://www.dti.gov.uk/regional/european-structural-funds/index.html 
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This chart is taken directly from “The 6th Framework Programme in Brief5” 
 
The bulk of research concerning marine energy is carried out under the 1st and 3rd blocks, and 
generally via the “Sustainable Development” thematic route and the cross cutting specific 
research activities which draw in collaborative and co-operative SME projects. There is further 
division into 2 “streams” (DGs of Energy & Transport, and Research) and funds are provided 
through a number of instruments. The breakdown is as follows: 
 
·  Sustainable Development, Global Change and Ecosystems thematic area concentrates on 3 

major fields: Sustainable Energy Systems, Sustainable Surface Transport, and Global 
Change and Ecosystems. Of these, the first - Sustainable Energy Systems (SES) - is of most 
interest, and provides the funds for: 

o short and medium term impact projects (DG TREN), i.e. those which are driving 
towards market penetration, demonstration, cost-reduction and provision of inputs for 
future developments. Typically they include a research component of 20%, and 
encompass pre-normative research, dissemination, technology integration and 
transfer. Annual calls. 

o Medium and long term impact projects (DG RTD), i.e. those consisting of pure and 
applied research into technologies envisaged to provide a significant input in years to 
come with the main driver being the generation of new knowledge. Funds covered 
research, research related networking, prototyping, dissemination and application of 
EU policy. Biennial calls for proposals. 

·  Within SES, SME involvement is encouraged via direct involvement within the thematic 
areas, as well as the cross cutting specific research activity funding made available: 

o Consortia membership – project managers responding to calls based around work 
devolved to the thematic areas are encouraged to allocate 15% of project 
membership to SMEs 

o Specific support actions 
o Specific SME activities  
o Marie Curie Actions - Training and fellowships. “Under the programme "Structuring of 

the European Research Area", the specific scheme "Marie Curie Host Fellowships for 
the Transfer of Knowledge" are directed at enterprises in need of developing new 
areas of competence. Knowledge transfer fellowships will allow SMEs to host 

                                                 
5 A brochure summarising the 6th European Community Framework Programme. Available at http://ec.europa.eu/research/fp6/pdf/fp6-in-brief_en.pdf 
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experienced researchers for the transfer of knowledge, research competencies and 
technology.” 

 
The funding instruments available are summarised as follows (the list is neither definitive nor 
exhaustive): 

·  Network of Excellence (NoE): multi-partner (expected minimum 6) partners from 3 
Member States) projects geared toward scientific and technological excellence, bringing 
together European expertise and resources to tackle a particular research topic. The 
main aim is to implement “structural” change in the way that topic is thereafter 
researched. NoE application is for dealing within the 7 thematic areas (plus Nuclear 
Energy) and possibly policy and future needs research. Funds are in the form of grants, 
dispersed as annual instalments and are expected to be from several to tens of millions 
of Euros. Typical timescale was 48-60 months with around 6-12 participants and grant 
funding at around €4-15m (the average being €7m). 

·  Integrated Project (IP): multipartner (min. 3 partners from 3 Member States) objective 
driven research with the goal of knowledge generation as required to implement the 7 
thematic areas. These projects must contain a research component, and may have a 
development side to them. The “integration” may be of the following nature:  

o Vertical Integration: involves the full chain of stakeholders from research to 
technology transfer 

o Horizontal Integration: spans a range of multidisciplinary activities 
o Activity Integration: covers all research activities plus dissemination, IPR, 

training, etc 
o Sectoral Integration: brings together SMEs, industry, academia, research, public 

and private sector etc. 
o Financial Integration: brings together public and private funding 

Funding is expected to be of the order of €10m, with no minimum, and is of the form of a 
grant at a certain percentage of the budget. Typical duration was 36-60 months with 
between 10-20 participants and a grant of €4-25m (average around €10m). 

·  Specific Targeted Research Projects (STREPs) and Specific Targeted Innovation 
Projects (STIPs): multipartner (min. 3 partners from 3 Member States). Multipartner 
projects supported which involve research, innovation and demonstration, with a view of 
supporting R, D&D to a lesser level than IPs. Work is to implement the thematic areas, 
anticipate future needs or implement EU policy. Budgets of up to a few million Euros are 
expected, with the fund being of the form of a percentage grant to the budget. Typical 
durations were 18-36 months with 6-15 participants and grant funding from €0.8-3m 
(average being around €1.9m). 

·  Coordinated Action (CA): Multipartner action, designed to promote networking and 
coordination of research (although the research itself is not supported) of a topic. Grants 
of up to 100% of the budget are available. Timescales from 18-36 months with 13-26 
participants and a grant of between €0.5-1.8m (average around €1m). 

·  Specific Support Action (SSA): Small scale grants to support the larger scale work of the 
other programmes in such matters as dissemination, transfer and exploitation of results, 
pilot programmes and preparation for future research. There is an imperative that SSAs 
serve the overarching programme objectives, however there are relatively few 
stipulations on number of partners, and funding may be up to 100%. Typically SSAs ran 
9-30 months with 1-15 participants and funding levels between €0.03-1m (average 
around €0.5m). 

·  Marie Curie Action: provides a number of routes for researchers to develop 
professionally, and typically involve international travel.   

·  Research for SMEs: Co-operative (CRAFT) and Collective Research projects, these 
encourage collaborative research where multiple partners have the same issue (Co-
operative Research) or there are many partners dealing with the same range of issues 
(Collective Research). These research issues are not limited to the thematic priorities, 
and are designed to provide research capability to innovative SMEs lacking their own 



EC FP6 Coordinated Action on Ocean Energy   Tidal Roadmap 

30 

facilities, and to foster international research collaboration with academia. Grants of up to 
100% of RTD were available with the proviso that outsourced research comprised at 
least 40% of the cost. Timescales between 18-36 months were typical with 6-10 
participants and a grant funded cost between €0.5-2m (average around €1m). 

 
 
Under the DG TREN stream there are were 6 successful marine energy demonstrators (although 
they were all accepted only on the last round of calls), and under DG RTD stream there are 6 
marine energy research & research support programmes. 
 
 
RELEVANT DG TREN PROJECTS: 
 
ALDA : Demonstration Plant of a Tunnelled Wave Energy Converter (via the “STREP” instrument 
under the “Sustainable Development” thematic area) 
 
AquaBuOY : AquaBuOY Demonstration Offshore Wave Energy Plant (via the “STREP” 
instrument under the “Sustainable Development” thematic area) 
 
AWS-Mk2: Deployment, monitoring and evaluation of a prototype advanced wave energy device 
(AWS) (via the “STREP” instrument under the “Sustainable Development” thematic area) 
 
BREAKWAVE : BREAKWAVE - OWC in Breakwater Douro (via the “STREP” instrument under 
the “Sustainable Development” thematic area) 
 
NEREIDA MOWC: NEREIDA MOWC: OWC INTEGRATION IN THE NEW MUTRIKU 
BREAKWATER (via the “STREP” instrument under the “Sustainable Development” thematic 
area) 
 
WaveStar : High-Efficient, Low-Weight, Pile-Supported 500-kW Wave Energy Converter (via the 
“STREP” instrument under the “Sustainable Development” thematic area) 
 

RELEVANT DG RTD PROJECTS: 

CA-OE: Coordinated Action on Ocean Energy (via the “Coordinated Action” instrument under the 
“Sustainable Development” thematic area) has a funded budget of €1.59m (total €1.68m) and a 
duration of 39 months from October 2004. The main aim is to raise awareness of, disseminate 
information on and generally promote ocean energy, and as such the following 5 deliverables are 
dealt with via workshops: 

1. Modelling of Ocean Energy Systems  
2. Component Technology and Power Take-off  
3. System Design and Construction of Ocean Energy Systems  
4. Performance Monitoring of Ocean Energy Systems  
5. Environmental Economics, Development Policy and Promotion of Opportunities 

 

WAVE DRAGON MW:  Development and validation of technical and economic feasibility of a 
multi MW Wave Dragon offshore wave energy converter (via the “Specific Targeted Research 
Project” instrument and the “Sustainable Development” thematic area). Funded value of €2.43m 
(total €20.91m) for 36 months from April 2006, the RTD aspects of the project intend to: 

1. Develop Wave Dragon's energy absorbing structure, the low head turbine power take-off 
system and the control systems  
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2.  Develop cost effective construction methods and establish the optimal combination of in 
situ cast concrete, post- stressed reinforcement and pre-stressed concrete elements  

3. Develop new supplementary environmental friendly water hydraulic power take-off 
systems  

4. Demonstrate reliable and cost effective installation procedures and O&M schemes  
5. Establish the necessary basis for design codes and recommendations for floating multi 

MW wave energy converters. 

WAVEGEN: Wave pump submersible power generator (via the “Co-operative Research”  
(formerly CRAFT) SME R&D support instrument under the “Sustainable Development” thematic 
area). Fund value of €673,920 (total €1.3m) for 24 months from September 2005.  

WAVESSG: Full-scale demonstration of robust and high-efficiency wave energy converter (via 
the “Specific Targeted Research Project” instrument under the “Sustainable Development” 
thematic area) had a funded budget of €1m (total €1.43m) for 30 months from December 2005. 

SEEWEC: Sustainable Economically Efficient Wave Energy Converter (via the “Specific Targeted 
Research Project” instrument under the “Sustainable Development” thematic area) has a funded 
budget of €2.3m (of €3.77m) for 36 months from October 2005. 

WAVETRAIN: Research Training Network Towards Competitive Ocean Wave Energy 
(funded via a Marie Curie Fellowship under the “Mobility” thematic area). Has a fund of €1.82m 
(100%) over 45 months from June 2004. The premise is to deal with pre-commercial challenges 
facing ocean energy devices by assisting academic and (through research) commercial wave 
energy devices by providing research grants. The tasks covered include wave energy modelling, 
assessment of power plants, device components and socio-economic and environmental impact. 
Also provides a number of courses on specific topics.  
 
------------------------------------------------------------------------------------------------------- 
 
EU 7th Framework Program: Broadly similar to FP6, with a slight re-structuring. There are now 4 
key blocks: Cooperation, Ideas, People and Capacities. The Cooperation block emphasises 
collaborative research, and has a number of themes (in much the same way as FP6), of which 
“Energy” and “Environment” are most likely to be of interest.  
 
The funding means employed by FP7 vary slightly from FP6 and appear to be slightly more 
transparent. The funding options are split into 2 main segments: 

·  Based on calls for proposals 
1. Collaborative projects 

·  Integrated Projects (IPs as in FP6) 
·  Focussed Projects (STREPs as in FP6) 

2. Networks of Excellence (as FP6) 
3. Coordination and support actions 

·  Coordinated or Networking Actions (CA as in FP6) 
·  Support Actions (SSA) 

4. Individual projects: Support for “frontier” research 
5. Support for training and career development of researchers 

·  Marie Curie Actions (as in FP6) 
6. Research for the benefit of specific groups (in particular SMEs) 

·  CRAFT & Collective Research Projects 
·  To provide a portion of support to (ostensibly) large, multi-financed, government level 

projects 
 
Research project proposals are and will be accepted from international consortia of industry and 
research under the “Cooperation” research theme. Total budget for the “Energy” sub-heading is 
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€2300m from 2007-2013, and additional funding may be available through the “Environment” sub-
heading (€1800m, 2007-2013) for work embodying “Management of the Marine Environment” as 
well as development of  “Environmental Technologies.”  
 
 

8.2.2 EU Maritime Member States: National Funding 

 
Belgium :  RE Target 6% (nationally6) by 2010 (electricity)  

Support mechanisms: 
·  Obligatory targets7 – all electricity suppliers must provide a specific 

proportion of their electricity from RE. This is coupled with 
·  Tradable Green Certificates (10MWh per certificate8) – prices of around 

100€/MWh are registered in 2006 however low penalties have reduced 
trading (fines are €125 per missing TGC). Minimum prices are set for 
different technology types, with the highest being solar PV (€150/MWh) 
and with offshore wind set at €90/MWh9. 

·  Through a net metering policy with investment subsidies a guaranteed 
national feed-in tariff of between €0.0425-0.125/kWh is available over 20 
years10. 

 
Denmark : RE Target 29% by 2010 (electricity)11 
  Support mechanisms: 

·  Tender schemes have been used in the past for large offshore wind 
farms, future wind farms will be developed on market conditions 

·  Spot market value plus an “Environmental Premium” and compensation 
for “Balancing Costs” which are available at €0.013/kWh and €0.003/kWh 
respectively for 20 years (onshore wind). Additional premium for 
replacing aging/decommissioned small (<450kW) wind turbines of 
€0.016/kWh12.  

·  Subsidies for tidal energy range from 30-100% of total costs13 
·  Premium feed-in tariffs (environmental adder) available to certain 

biomass/biogas projects. 
·  Subsidies for CHP based on natural gas and waste 
 

Finland : RE Target 31.5% by 2010 (electricity)14 
  Support mechanisms: 

·  Certain tax exemptions for RE15  
·  “Discretionary Investment Subsidies” of up to 40% (wind) for RE are 

awarded on an individual basis16 

                                                 
6 This translates to targets of 7% in the Walloon Region by 2007, 6% in the Flanders Region by 2010 and 2.5% in the region of  Brussels Capital by 

2006. The regions have their own support mechanisms and energy policies, necessitating different TGC certificate markets 

7 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_be_en.pdf 

8  2005, Communication From The Commission, “The Support Of Electricity From Renewable Energy Sources,” Commission Of The European 

Communities, Brussels 

9 2004,  “Renewable Energy Policy Review – Belgium” European Renewable Energy Council, Belgium 

10 http://www.ode.be/ 

11 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_dk_en.pdf 

12 On 21st April 2004 this replaced a (supposedly flawed) feed-in tariff which provided spot market price plus a guaranteed €0.081/kWh 

13 2004,  “Renewable Energy Policy Review - Denmark” European Renewable Energy Council, Belgium 

14 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_fi_en.pdf 

15 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_fi_en.pdf 

16 2004,  “Renewable Energy Policy Review - Finland” European Renewable Energy Council, Belgium 
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·  Guaranteed grid access for all users and producing plant via the 
Electricity Market Act No 385/1995 

 
France : RE Target 21% by 2010 (electricity)17 
  Support mechanisms 

·  Advanced Renewable Tariffs (ARTs) of €0.13kW/h (offshore wind) base 
rate for 15 years18 

·  Tendering for large RE plants 
·  Tax reduction and capital grants available  
·  Tax credits of up to 50% are available, plus various other tax relief for 

niche/small scale plant 
·  40% subsidies for biomass heating plant 
·  No tidal expansion beyond the 240MW plant at la Rance is foreseen19 
 

Germany : RE Target 12.5% by 2010 (electricity)20 
  Support mechanisms: 

·  Erneuerbare-Energien-Gesetz (EEG) law sets feed-in tariffs on a 
stepped scale de-escalating from €0.091/kWh for a duration of 20 years 
plus €0.062/kWh for the whole (offshore wind).21 The system will reduce 
the amount available from 2010 onwards22 in an effort to stimulate 
technological development. The law guarantees grid access via a 
purchase obligation on grid companies. The 250MW - Wind Programme 
(see below) also provides feed-in support of up to €0.031/kWh 

·  Large soft loans available through the DtA (Deutsche Ausgleichsbank) 
Environment and Energy Efficiency Programme.  

·  The Nutzung erneuerbare Energiequellen  (renewable energy sources) 
programme provides subsidies for RE electricity giving up to 100% 
capital grants. The Wind – Programme supports up to 25% with 
subsidies up to a maximum of €46,016. 

·  The Nachwachsende Rohstoffe (sustainable resources) programme 
provides subsidies up to 50% in the West and 60% in the East for 
technology demonstrators in the non-food agriculture sector 

·  The BMU-Programme fur Förderung von Demonstrationsvorhaben 
(finance for demonstration projects) finances loans of up to 70% over 30 
years for RE demonstration projects.  

·  The ERP-Umwelt und Energiesparprogram (environment and energy 
savings program) will finance via 10 year loans of up to €0.5M a 
maximum of 50% (East) or 75% (West) of investment costs. 

·  Tax incentives are available 
 
Greece: RE Target 20.1% by 2010 (electricity)23  
  Support mechanisms: 

·  Feed-in tariff (buy back rate) – available for a guaranteed 12 and 
possibly 20 years24. These fall under the Electricity Law 2244/94 and 
Law 2773/99 which covers auto power producers (APRs) - those who 

                                                 
17 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_fr_en.pdf 

18 http://www.legifrance.gouv.fr/WAspad/UnTexteDeJorf?numjo=INDI0607865A 

19 2004,  “Renewable Energy Policy Review - France” European Renewable Energy Council, Belgium 

20 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_de_en.pdf 

21 “Evaluation of different feed-in tariff design options” - Best practice paper for the International Feed-in Cooperation. A research project funded by 

the Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU), Germany 

22 Erfahrungsbericht 2007 zum Erneuerbaren-Energien-Gesetz - EEG (Entwurf), Report, Germany 

23 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_de_el.pdf 

24 2004,  “Renewable Energy Policy Review – Greece” European Renewable Energy Council, Belgium 



EC FP6 Coordinated Action on Ocean Energy   Tidal Roadmap 

34 

generate to meet their own demand and independent power producers 
(IPPs) who sell electricity to the grid, and stipulate tariff value. Both 
receive attractive feed-in tariffs which are dependant on technology and 
supplied voltage, however values of between €0.016-0.072/kWh are 
average (depending on which law is followed). The buy back rate is a 
fixed percentage of the cost to the consumer and is dependant on energy 
supplied and capacity of installation, as well as whether the facility is on 
the mainland or an island. 

·  Special dispensation in the form of priority access and dispatching 
towards RE sources plus an obligatory purchase agreement for 10 years 
is also covered by the Electricity Law25. 

·  National Development Law (NDL) 2601/98 provides subsidies of either 
o 40% investment cost plus a 40% contribution to the interest on a 

loan, or 
o 40% loan interest contribution plus full tax deduction for the 

investment 
irrespective of the technology type with subsidies of €176k–14.7m for 
projects up to a maximum investment cost of €36.7m awarded up until 
2006. 

·  The National Operational Programme for Competitiveness / CSF III 
(2000-2006)26 was a Ministry of Development programme which would 
subsidise up to a maximum of 50% (wind) of a total investment cost of 
between €44k-44m. Location was irrelevant except for solar, maximum 
plant size was 50MW and the total budget was €505m. 

 
Ireland: RE Target 13.2% by 2010 (electricity)27 
  Support mechanisms: 

·  Renewable Energy Feed-In Tariff (REFIT) – provides a fixed rate tariff of  
€0.059 or €0.057 (wind <5MW and >5MW respectively) and is the main 
support mechanism. The total budget is €119m over 15 years from 2006 
to support 55 RE plants with a total combined capacity of 600MW28. 

·  The Sustainable Energy Ireland (SEI) Pilot Sustainable Energy Incubator 
Programme provides annual grants and other support for initial phases of 
a small number of “high potential” sustainable energy ventures. Awards 
of up to a maximum €100k over 3 years29. 

·  National Development Plan (NDP) is an enactment of the EU Structural 
& Cohesion Funds (above) providing support through the “Sub-
Programme on Energy” via the “Renewable energy development” 
heading for provision of new power capacity from renewable sources. 
Budget is £8.5million in 200730. 

 
Italy :  RE Target 25% by 2010 (electricity)31 
  Support mechanisms: 

·  TDCs valued at €109/MWh (2006)  

                                                 
25 2004, IEA Report “Market & Policy Trendsin IEA Countries,” France 

26 From the IEA “Global Renewable Energy Policies And Measures Database” 

27 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_ie_en.pdf 

 

28 From the IEA “Global Renewable Energy Policies And Measures Database” 

29 http://www.sei.ie/index.asp?locID=1093&docID=-1 

30 http://www.ndp.ie 

31 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_it_en.pdf 
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·  Special dispensation in the form of priority access and dispatching 
towards RE sources plus an obligatory purchase agreement of 3.05% 
(2006) electricity from RE sources 

·  Feed-in tariff used inasmuch as to pay for the cost of fuel saved by RE 
generation plus a subsidy for capital investment is paid by the utility 
providers with the tariff being between €0.053 – 0.125 depending on the 
technology. The subsidy is only available for 8 years, and is evaluated on 
a case by case basis32 

·  Capital cost offsets are available for certain RE technology including 
wind power between 20-100kW capacity to the tune of up to 30% refund 
of initial cost33 

 
Netherlands:  RE Target 9% by 2010 (electricity)34 
  Support mechanisms: 

·  Milieukwaliteit van de Elektriciteitsproductie (MEP – environmental 
quality of power generation) is a feed-in tariff subsidy paid to grid 
connected generators at source specific rates from the national budget in 
the form of redeemable Green Certificates35. The highest support level is 
granted to (amongst others) offshore wind. As of August 2006 the 
subsidy rate for new projects was set to zero as it appeared that the RE 
targets would be achieved, however it is likely that a new MEP for 2008 
will be available36 37. 

·  Tax reduction/exemption is available to energy possessing a Green 
Certificate38 

 
Portugal: RE Target  45% by 2010 (electricity)39 
  Support mechanisms: 

·  Programa de Incentivos à Modernização da Economia (PRIME – under 
the EU FPs) has support measures for RE providing grants and low 
interest loans for investment up to 40%. Funds may be available through 
other schemes within PRIME depending on how the project is presented, 
and costs are evaluated and funds allocated on a case by case basis via 
a number of weighting equations40. This programme is now suspended 
and the new QREN programme (Quadro de Referência Estratégico 
Nacional) include as well specific measures for Renewables.41. 

·  Tax reductions include a reduction in VAT (from 21% to 12%) on 
purchased equipment associated with RE42 

·  New Decree-Law n.o. 225/2007 43 specifies feed in tariffs, however they 
must be individually calculated via equations on a case by case basis. 
Average values for wind are €0.0735/kWh44 and there is a maximum limit 

                                                 
32 2004,  “Renewable Energy Policy Review – Italy” European Renewable Energy Council, Belgium 

33 http://www.incentivi.mcc.it/  

34 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_nl_en.pdf 

35 http://www.minfin.nl/en/home 

36 From the IEA “Global Renewable Energy Policies And Measures Database” 

37 http://www.enerq.nl/english/ 

38 From the IEA “Global Renewable Energy Policies And Measures Database” 

39 In January 2007 the Portuguese Prime Minister increased the country's renewable energy target for 2010 from 39% (EU target) to 45%. 

40 http://www.prime.min-economia.pt/ 
41 http://www.qren.pt/ 

42 2004,  “Renewable Energy Policy Review – Portugal” European Renewable Energy Council,   Belgium 
43 http://www.edp.pt/NR/rdonlyres/54821ABE-186D-41F3-985B-A8C8C130DDCD/0/DL33A2005_16Fev.pdf 
44 INETI, APREN in: Neue Energie. June 2005 
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of 15 years in order to stimulate developers after which Green 
Certificates provide some limited support 

·  Portuguese Government approved the legislation to create a Pilot Zone 
to support the deployment of offshore wave energy prototypes and farms 
(to be published soon). 

 
Spain:   RE Target 29.4% by 2010 (electricity)45 
  Support mechanisms: 

·  Under Royal Decrees 661/200746 feed-in tariffs provide support for some 
offshore RE of €0.069/kWh for 20 years, however the exact final subsidy 
is determined by equation 

·  Low interest loans of up to 80% costs are available 
·  Special dispensation in the form of obligatory access for RE sources plus 

an obligatory purchase agreement 
 

Sweden:  RE Target 60% by 2010 (electricity)47 
  Support mechanisms: 

·  TDCs are the main support tool, with generation companies receiving 1 
certificate per 1MWh generated over a maximum of 15 years. In 2006 the 
average price of a certificate was €20.6348  

·  Tax relief on purchased green energy 
 
UK:    RE Target 10% by 2020 (electricity)49 
  Support mechanisms: 

·  Obligatory targets with TGCs (ROCs). Oblige electricity suppliers to 
provide increasing amounts up to 10% in 2010 of RE. The buy-out 
penalty is set at £33.24/MWh (€48.20/MWh) and is linked to the Retail 
Price Index50. 

·  The Scottish Executive Marine Energy Fund - a total of around £13m 
was made available to developers to provide up to 40 per cent capital 
costs and additional revenue support up to 100 per cent eligible costs, for 
projects deploying devices at the European Marine Energy Centre in 
Orkney. Initially worth £8m, then increased by £5.15m due to demand, 
the fund is supplemented by a £500k grant for development of a berth at 
EMEC. £2.5m was set aside for upgrading EMEC itself. The successful 
bidders were: 

1. CRE Energy Ltd (£4.141m) to use a 3MW array of four of OPD’s (now 
Pelamis Wave Power) 0.75MW Pelamis devices. 

2. AWS Ocean Energy (£2.128m) for design, construction, installation, 
testing and demonstration of a 500kW AWS at EMEC. 

3. ScotRenewables (£1.796 m) for the SRTT tidal turbine. 
4. Open Hydro (£1.214m) for a 250kW rim generator annular turbine. In 

2006 OpenHydro was the first company to install a tidal turbine at EMEC. 
5. Ocean Power Technology (£0.598m) for the PowerBuoy wave device. 
6. Aquamarine (£0.275m) for the Oyster wave device  

                                                 
45 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_es_en.pdf 

46 http://www.invenia.es/boe:iberlex:2007.10556 

47 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_se_en.pdf 

48 Website of the Swedish Energy Agency: 

http://www.energimyndigheten.se/WEB/STEMEx01Eng.nsf/F_PreGen01?ReadForm&MenuSelect=1F5D06766158D20BC12571C40046C5F3 

49 http://ec.europa.eu/energy/energy_policy/doc/factsheets/renewables/renewables_uk_en.pdf 

50 2004,  “Renewable Energy Policy Review – UK” European Renewable Energy Council, Belgium 
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7. CleanTechCom (£0.273m) for “two 1m diameter siphon pipes which pass 
through the No 1 Churchill Barrier on land at the Northern tip of Lamb 
Holm island on Orkney” 

8. Wavegen (£0.149m) for R,D&D into an advanced Wells turbine system 
9. Tidal Generation (£0.077m) for the “extraction of a core sample of 

seabed from the berth area Tidal Generation's machine will occupy” 
 
DBERR: 
·  Collaborative R&D Business Support Product51: Biannual open competition 

for collaborative (industry-industry or industry-academic) development of new 
and renewable energy sources and research into technologies assisting grid 
connection of intermittent sources. Total budget is shared with the Capital 
Grants Scheme (below) and award values are unspecified. The application-
award timescale is approximately 6 months. 

·  Capital Grants Scheme52: Funds demonstration projects for renewable 
energy in an effort to reduce risks to developers. Total budget is 
approximately £500m (2002-08), award values are unspecified. Timescales 
are unspecified. It should be noted that the capital grants scheme was found 
to be the only compatible source of funding under the Renewable Obligations 
system, yet still faced minor issues. (Feed-in tariffs & power purchase 
agreements are incompatible with the RO system53  

·  Marine Renewable Deployment Fund (MRDF)54: Provides funding (capital 
grants & revenue) to multi-device, early stage commercial generation 
facilities that have completed R&D and are ready to move into the 
commercial environment. Revenue is in the form of a £100/MWh stream (on 
top of the price of electricity & ROCs generated), capital grants are limited to 
25% of project costs and £5m, and the total support is capped at £9m. The 
support is for 2 years for commissioning or 7 years for running. The total 
budget is £50m, of which £42m is available for project support, £2m is for 
impact monitoring with the remainder earmarked for industry development. 

·  Carbon Trust Marine Energy Accelerator55: Grants up to 60% of project cost 
with value £50-250k available to projects falling within EU Framework for 
State Aid & EU FP7. Aims to accelerate industrial cost reduction. Open to 
any UK organisation. Maximum funding level is undefined but total budget is 
£3.5m. 

 
 
 
 
 
 
 
 
 
 
 
 

                                                 
51 http://www.dti.gov.uk/energy/sources/renewables/business-investment/funding/r-and-d/page19363.html 

52 http://www.dti.gov.uk/energy/sources/renewables/business-investment/funding/capital-grants/page19413.html 

53 DTi/Carbon Trust “The Renewables Innovation Review,” UK 

54 http://www.dti.gov.uk/energy/sources/renewables/business-investment/funding/marine/page19419.html 

55 http://www.carbontrust.co.uk/technology/technologyaccelerator/mea.htm 
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8.3 Annex 3: Tidal Renewable Energy Technology Avai lable in 2007 
 
Annex 3 lists all publicly announced tidal devices as of December 2007.  The devices are broken 
down into categories to aid comparison, and a short description and graphic are included where 
available. 

8.3.1 HORIZONTAL AXIS TURBINES - RIGIDLY MOUNTED 

 
Clean Current Tidal Turbine (Canada) 

In 2001, Clean Current Power Systems (CCPS) was created to begin the development of an 
underwater ducted turbine. Between 2003/2004 two prototypes were built and were tested at the 
200 metre towing tank at the Institute for Ocean Technology   in St. John’s, Newfoundland in 
2004. The Clean Current machine was the first tidal turbine installed in Canada, on the Race 
Rocks Ecological Reserve in September 2006.  It was removed in May 2007 and is undergoing 
modifications such as the refitting of the bearing system. CCPS plans to install a turbine of 200 
MW in 2008/2009. A total of $4,000,000 has been raised for the development of this device.   

 

 
KESC Bowsprit Generator/KESC Tidal Generator (USA)  

Kinetic Energy Systems was founded in 2004 to work on the design of power generation systems. 
KESC Bowsprit and KESC Tidal Generator are projects developed by them with the assistance of 
Renewable Energy Resources, Inc.  
The KESC Bowsprit provides maximum water velocity at the generator's propellers; the KESC 
Tidal Generator was designed to work with incoming and outgoing tides in near shore tidal areas.  
Both devices are at the prototype and engineering development stage.   
  
 
 

 

Website - http://www.cleancurrent.com 
 

Email - yourcomments@cleancurrent.com 
 

  
Website - http://www.kineticenergysystems.com 
 

Email - info@kineticenergystems.com 
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Rotech Tidal Turbine (UK) 

In 2002 Lunar Energy received funding for research and to develop a prototype tidal turbine.  
Subsequently, Rotech (in association with Lunar Energy) completed and tested a 1:20 scale 
model.  A 1 MW production prototype design followed, with plans to evaluate this at the EMEC 
test site in Orkney in 2007.  By 2008, Lunar Energy aims to complete the sea trials of their 
prototype and move to the development of a commercial tidal stream energy project in agreement 
with utility company E.ON of up to 8MW installed capacity off the west coast of the UK, which is 
planned to be in operation by 2010.  

 
 
 
Tidal Generation (UK) 

Tidal generation limited (TGL) was set up in 2005 and since then, has been developing a fully 
submerged 1 MW turbine.  TGL completed the feasibility phase on a small model of the device.  
Their current activity is the design of the prototype during which they will confirm the technical 
feasibility and the costs.  They planned to install their 500 kW test machine in the Orkney Islands 
next year.  They predict costs of around 5p / kWh when in series production. 
 

 

Website - http://www.lunarenergy.co.uk/ 
 

Email - andrea.tyrrell@lunarenergy.co.uk  (general)  
 

Email - brian.long@lunarenergy.co.uk (investment)  
 

 
Website - http://www.tidalgeneration.co.uk 
 

Email - info@tidalgeneration.co.uk  
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The Blue Concept (Norway) 

Hammerfest Strom operates a 300kW tidal turbine fixed to the sea bed in the Kvalsundet fjord, 
which has been powering over 20 homes in the town of Hammerfest since 2003.  ScottishPower 
and this company have set up a new tidal power company Hammerfest UK to utilise the devices 
of Hammerfest Strøm.  Under this agreement, both parties will work together to optimise 
Hammerfest Strøm's technology including demonstration of a full-scale prototype in Scottish 
waters, in preparation for deployment of the technology on a wide scale in Scotland and around 
the globe. The manufacture of the prototype will commence in 2008, with installation during 2009. 
 

 

 

Free Flow Turbine (USA)  

Verdant Power first successfully tested its prototype Free Flow turbine in 2002. In December 2006 
a turbine was installed in New York City's East River, this being the first of an array of 6 units 
(each rated at 30 kW) which was completed on May 2007.  Verdant is currently working on the 
design of the second-generation turbine with a view to installing a farm of at least 100 turbines on 
the East River: however, before that, they have to monitor the first 6 turbines for 18 months to 
satisfy state and federal regulations. The total cost of this project to date is about $7 million.  

 

�
Website - http://www.e-tidevannsenergi.com 
 

Email - harald.johansen@tidevannsenergi.com 
 

�
Website – http://verdantpower.com 
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Swanturbines (UK) 

Swanturbines began in 2000 with an investigation of marine turbine rotor efficiency and bio-
fouling; then, they moved into the design, test and cost analysis of a prototype device of 1.5 MW 
rated output.  By 2003, the evaluation and modelling of the turbine performance was completed 
and in 2004 they began the design and development of a medium scale prototype.  
Their project named CYGNET has a particular characteristic, the absence of a gearbox, which 
reduces the complexity of the gravity anchored device.  This project is presently in phase 1 which 
involves the deployment and testing of the 350 kW medium scale prototype.  Swanturbines is 
currently working with manufacturing aspects of the system and is also seeking funding to build 
and install a demonstration device.  It is planned to design a pre-commercial 1 MW system by 
2008/2010, with the first sales in 2011.  The total value of the project to date is around £300,000. 

 

 

 

Hydrohelix Turbine (France) 

This turbine was developed by Hydrohelix Technologies. The design consists of an arrangement 
of 8 turbines of 8m diameter with a capacity of 25 kW each.  A 60W prototype has been already 
tested and the eventual target is to install an array of 1 MW capacity in the English Channel.  At 
this point, the company has received £135,000 from the French Government. 

 

 

  

 

Website - http://www.swanturbines.co.uk/ 
 

Email - enquiries@swanturbines.co.uk 

 

 

Website - http://www.hydrohelix.fr/ 

Email - contact@hydrohelix.fr 
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Seaflow (UK) 

 

 
 
Seagen (UK) 

The design and manufacture of this twin rotor system started in 2004.  In contrast to its 
predecessor, Seagen works in both flow directions and is four times more powerful.  The 
commercial prototype device of 1.2 MW rated output is presently being installed in Northern 
Ireland’s Strangford Lough.  In addition to the installation of Seagen, MCT will carry out a special 
environmental monitoring programme.  The total cost of the project including grid connection is 
approximately £8.5m.  
The third phase of the project is planned to be a small farm of up to 10 tidal turbines in North 
West Anglesey.  This 10 MW system will be largely self-financing through the revenue generated 
from the sale of electricity.  MCT is also looking at a horizontal array formed of six 8m rotor 
turbines as a further development of the technology. 

Seaflow is the initial phase of a major project managed 
by Marine Current Turbines Ltd (MCT); however, they 
had a previous concept, a 15 kW turbine, tested in 1994 
in Loch Linnhe, Scotland.  The installation of the Seaflow 
prototype was in 2002, consisting of a 300kW turbine 
monopile mounted in Lynmouth, Devon, UK.  In 2006 
Seaflow completed the test period, exceeding 
performance expectations.  After this successful result 
MCT proceeded to the second stage, Seagen.      
 

 
Website – www.marineturbines.com 
 
Email - sylvie.head@marineturbines.com 
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Open Centre Turbine (Ireland) 

The Irish Company OpenHydro has developed a horizontal-axis turbine of novel design. In 2007 
they completed the installation of the first machine, rated at 250 kW, at the European Marine 
Energy Centre (EMEC) in Orkney, Scotland.  This will shortly be replaced by a 1 MW production 
prototype turbine.  The total funding raised by OpenHydro since 2005 is about £35m. 
  

 
 
 
Tocardo (Netherlands) 

In 2005 the Tocardo 2800 turbine was installed in Afsluitdijk in the north of the Netherlands after 
several years of development.  Following this successful test, work  started on the design and 
construction of three more turbines of the same scale which are planned to be deployed in the 
sea in 2007.  The target for 2008/2009 is to install 6 more turbines in the Netherlands, and to 
complete the design of a larger turbine for use in deeper waters.  

 

 

OpenHydro has recently signed an 
agreement with Alderney Renewable 
Energy, for the installation of an array 
of its open-centre turbines to be 
deployed in 2008/2009. 
 
Website - http://www.openhydro.com/ 
 

Email - info@openhydro.com 

 

Website - http://tocardo.com/ 
 

Email - info@tocardo.com 

 

�
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8.3.2 HORIZONTAL AXIS TURBINES - FLOATING and SEMI- SUBMERSIBLE DEVICES  

 

Underwater Electric Kite (USA) 

The first demonstration of the UEK project was in 2000, where a 3 m twin turbine with 5 blades 
was installed for 36 days in the flume of the DeQew hydro station in Ontario Canada, followed by 
sea trials of a single unit in Manitoba.  In November 2005 the development of the first UEK 
European project began in Geneva, Switzerland, to study the implementation of an entire park in 
the Rhône river in the City of Geneva. 
 
In 2006, UEK signed an agreement with ATEC Power with a view to the installation of the 
technology in Nova Scotia. ATEC Power identified Minas Passage as a suitable location for the 
tidal generator.  

 
 
 
Morild (Norway) 

 
 
Website - 
http://www.statkraft.com/pub/innovation/tidal_power/morild_demonstration_plant/index.asp 
 
  
Email - info@statkraft.com 

In 2004 Statkraft with the 
collaboration of Hydra Tidal 
Energy Technology agreed to 
develop a new system (Morild) to 
exploit low velocity marine 
currents. The design of  Morild 
was completed in 2005 resulting in 
a device composed of 4 turbines 
supported on a floating steel 
structure with a total capacity of 1 
MW.  The prototype design was 
completed in spring of 2006.  

 

 
Website - http://uekus.com/index.html 
 

Email - uekus@juno.com 
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Hydro-Gen (France) 

After several years of research, the conception of this marine current turbine which uses big 
floating paddle wheels, was invented and patented in 2004. Between 2005 and 2006, a 10 kW 
floating turbine, Hydro-Gen 10, was manufactured and tested at sea. The present aim is to 
improve this prototype and start with the development of a 50 kW device (Hydro-Gen 50) for 
testing on the Brittany Coast. By 2009, Hydro-Gen plans to install Hydro-Gen 1000 (1 MW) for 
sea trials.  

 

OCGen (USA) 

Maine: - Ocean Renewable Power Company (ORPC) started with the design, construction and 
analysis of a ocean turbine generator unit (OCGen TGU), in the spring of 2006 for installation in 
late 2007 at Western Passage and Cobscook Bay.  After this demonstration project of 32 kW, a 
commercial scale prototype will be installed for a minimum period of 1 year until mid-2010.  One 
year later, they plan to connect their tidal generator to the New England electricity grid.  ORPC 
has raised over $1.3 million in private equity to fund its operations to date.  

Alaska: - The demonstration project of the OCGen will take place in a site at Cook Inlet in Spring 
2008.  As with the project in Maine, ORPC intends to build and install a commercial prototype 
which will run at least for one year and then by mid-2012, they plan to connect their device to the 
Alaska power network. 

Florida: - The Gulf Stream of the east coast of Florida is one of the most suitable places to 
generate tidal energy.  ORPC plans to start a demonstration project of the TGU in 2009 and later, 
monitor a full scale prototype for one year.  By 2011, it is aimed to start with the implementation of 
a major ocean project which will provide hundreds of megawatts.   

Website - http://www.oceanrenewablepower.com 
 

Email - info@oceanrenewablepower.com 

 

 

Website - http://www.hydro-gen.fr/ 

Email - contact@hydro-gen.fr 
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Evopod (UK) 

The New and Renewable Energy Centre (NaREC) in collaboration with Ocean Flow Energy  have 
recently launched an innovative tidal stream prototype named Evopod which is a semi-
submerged tethered system.  Phase one, completed in 2006, involved a 1/40th scale model which 
was use as the “proof of concept”.  A 1/10th scale prototype was placed in the test station at Tees-
side in June 2007, to be followed by the design and construction of a 300 kW – 600 kW prototype 
by the end of 2008.  The last phase of the project would involve the demonstration of a small field 
of 1.5MW units in 2009 and the deployment of the first tidal farm in 2010. 

 

 

SRTT (UK) 

Scotrenewables Ltd. was formed in 2002. The analysis of a free–floating system started in 2003 
with a 1/16th scale prototype.  Design and performance predictions for a larger version followed, 
and last year they first tested their 1/7th scale system in Clestrain Sound, Orkney.  It is planned for 
this year to test their floating 1.2MW prototype at MARIN, Netherlands or DHI/Norwegian 
University of Science and Technology in order to confirm the survivability analysis, dynamic 
response assessments and current/wave effects.  The total project cost is £5 million.  It is 
intended to have the SRTT on test at the European Marine Energy Centre (EMEC) in Orkney by 
the end of 2008.  Scotrenewables is currently investigating suitable sites for future deployment of 
commercial SRTT units. 

 

 

 

 

 

Website - http://www.narec.co.uk 

                http://www.oceanflowenergy.com 
 

Email - info@oceanflowenergy.com 

 

Website - http://www.scotrenewables.com/ 
E-mail - office@scotrenewables.com 
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TidEl (UK) 

TidEl is a project by SMD Hydrovision which started in April 2005. It consists of two buoyant 
contra-rotating turbines attached to the seabed by a flexible mooring arrangement. The 1:10 scale 
system, partly funded by the DTI, has successfully completed a seven week trial program at the 
New and Renewable Energy Centre (NaREC) in Blyth.   

 

Semi Submersible Turbine (UK)  

The idea of a semi-submersible turbine was patented in 2003 by Tidal Steam. This device 
consists of 2 to 4 turbines in one framework supported by a controllable spar buoy that rolls over 
and swings up for easy maintenance purposes. The Semi Submersible Turbine – SST – was 
successfully tested using 1.5 m diameter turbines in the Thames at Chiswick. The results 
obtained there show that the buoyancy concept works well and it can be controlled when 
installation, maintenance or operation tasks will be required.  It is intended that the project will be 
finished in 2010 achieving predicted costs of 3 pence per kWh at the best sites. 

 

 

Currently SMD Hydrovision is working on 
their 1 MW TidEl device which will be 
installed at the EMEC facility at Eday, 
Orkney in 2009, where it will be subjected 
to testing over a prolonged period.  The 
total cost of the project is over £4 million. 

 

Website - http://www.smdhydrovision.com 

Email -  E-mail window on the website 

 

 
Website - http://www.tidalstream.co.uk/Home.htm 
 
Email info@tidalstream.co.uk 
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CORMAT (UK) 

In 2004 the Energy Systems Research Unit at the University of Strathclyde received funding from 
Scottish Enterprise under their Proof of Concept scheme, to demonstrate a contra-rotating 
horizontal-axis turbine (CORMAT) for marine current energy conversion.  The contra-rotating 
configuration is intended to eliminate reaction torque, so that the device may be ‘flown’ from a 
single-point mooring.  A 1 m diameter model was produced for tank testing and a 2.5 m diameter 
prototype was constructed for sea trials, which were successfully concluded in 2007.  Further sea 
trials are planned for 2008, testing a prototype gearbox / generator configuration for the first time.  
Total project cost to date is about £250 000. 

Email: - Cameron@esru.strath.ac.uk 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



EC FP6 Coordinated Action on Ocean Energy   Tidal Roadmap 

49 

8.3.3 VERTICAL AXIS TURBINES 

 

Proteus (UK) 

The University of Hull with the collaboration of Neptune Systems have developed a multi paddle 
water turbine named Proteus. The laboratory testing of their first 1/100th scale prototype was 
completed in 2005 while the second phase of the project (1/10) was achieved in summer of 2006 
which involved the design, construction and tests in the river near Hull.  The next step is the 
creation and installation of a full scale tidal power pontoon in the Humber estuary with a capacity 
of 500kW.  For 2008/2009 is planned the grid connection of an array of 4 devices that will 
generate 8 MW.  

 

 

 

 

 

Polo (UK) 

Polo is a design created by Professor Salter at Edinburgh University. It consists of a 600-tonne 
vertical-axis rotor.  Work is proceeding on the structural analysis; however, there have been no 
demonstrations.  
 

Website - http://www.neptunerenewableenergy.com 

Email - jackhardisty@neptunerenewableenergy.com 

Website – www.mech.ed.ac.uk/research/ 
Email – S.Salter@ed.ac.uk 
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Blue Energy (Canada) 

This project  began in March 2006 with the collaboration of the University of British Columbia  
(UBC).  The development of this vertical axis ducted turbine was scheduled to last one year with 
a cost of $1.3 million dollars.  The fabrication stage was completed in July and by September they 
concluded the testing stage at the tow tank of UBC.  In 2007 Blue Energy has been preparing a 
20 kW demonstration project.  The company is also designing a Midrange Power System for 
remote communities, such as in the Philippines, using two 250 kW turbines which might be 
deployed in three to four years.   

 
 
 
Gorlov Helical Turbine (USA) 

Alexander Gorlov’s prototype designed was based on the Darrieus turbine (1931); although, he 
made a modification by twisting the blades slightly to eliminate vibrations. In 1994 he obtained the 
first patent of the turbine; then, tests were conducted in Cape Cod Canal in 1997 and also in the 
University of Michigan at the Marine Hydrodynamics Laboratories in 1998/1999. Afterwards, this 
system powered a motel in Vinalhaven, Maine. 

 
 

 

 
Website - http://www.bluenergy.com 
 
Email - inform@bluenergy.com 

The Republic of Korea tested a 10 kW 
prototype in the Uldolmok Strait in 2002 with 
successful results. 
 
 
Website – http://www.gcktechnology.com 
 
Email – miller@gcktechnology.com 
�
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Kobold Turbine (Italy) 

The first Italian marine turbine was tested in a tank in 1985.  By 1995, Ponte di Archimede (PdA) 
had developed two designs consisting of a 3 and a 5 rotor turbine.  They progressed to a third 
hydraulic turbine prototype which rotates independently of the direction of the flow and operates 
without a starting device. This system called the Kobold turbine was moored offshore on the 
spring of 2001 on the Torre de Faro Coast (Messina Strait); since then, PdA continued with the 
study of the pilot plant characteristics and intensive field tests.  Subsequently 3 Asian countries 
(Republic of China, Indonesia and Philippines) became involved in the Kobold project.  
 
In 2006 the National Institute for Naval Architecture Research and Experimentation (INSEAN) 
contributed with the optimisation of the prototype starting with a series of sea trials in the Strait of 
Messina, on a full-sized prototype.  This was the first turbine to be connected to the Italian 
national grid, producing 40 kW peak output; 39 solar panels where positioned on the upper 
surface, making it an icon of sustainable energy systems. Currently they are working on the 
installation of their turbines on an Indonesian Island, probably the Island of Sulaya, which will 
provide 200 kW of electric power.  
 
Website - http://www.pontediarchimede.it 
Email – E-mail window on the website 
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EnCurrent Turbine (Canada)  

The first step of New Energy Corporation Inc. was the creation and laboratory tests of two models 
to validate the vertical axis turbine concept. Then a 25 kW prototype was installed in the St. 
Lawrence River for over 2200 hours.  Subsequently a bigger prototype of 70 kW was connected 
to the Novia Scotia power system.  

There is another prototype of 5 kW which was tested in the entrance to Porters Lake in Nova 
Scotia. At the present time, the company make available this device in both duct and non-ducted 
configurations (2006). The company plans to bring to the market a 25 kW turbine in the near 
future. 

 

 

 

Water Turbine (Norway) 

The Water Turbine is a new prototype from Ing Arvid Nesheim which has been under 
development since 2003.  The design involves a cylinder provided with a plurality of turbine 
blades, suspended from a floating buoy. 

Website - http://www.anwsite.com  

E-mail - post@anwsite.com 

 

Website - http://www.newenergycorp.ca/technology_overview.htm 
 

Email - info@newenergycorp.ca 
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8.3.4 OSCILLATING HYDROFOIL  

 

BioStream (Australia) 

Bio Power Systems Ltd has recently developed a tidal energy conversion prototype named 
BioStream. This model has a single centre of rotation and uses the thunniform-mode of 
propulsion to generate electricity.  They predict completion of Laboratory testing in 2007 and the 
development and testing of a full scale prototype in 2008.  By the end of 2009, Bio Power 
Systems plan to commercialize its system in different locations such as Western Europe (notably 
the UK, Spain and Portugal), Oceania and Western Canada.  

 

Pulse Generator (UK)  

The development programme of the Pulse Generator began in 2004, and one year later the first 
prototype was tested in the University of Hull.  Analysis and refinement led to the construction of a 
100 kW device, planned for installation off the south bank of The Humber in 2007.  A pre-
commercial prototype will be tested in 2008.   

Website - http://www.biopowersystems.com 
 

Email - info@biopowersystems.com 

Designed primarily for use in shallow waters, it can be 
adjusted for different water depths by changing the 
amplitude of the hydrofoils.  A project for deep water 
applications will begin in 2009. 

 

Website - http://www.pulsegeneration.co.uk   

Email - Info@pulsegeneration.co.uk 
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Stingray (UK)  

Stingray is an invention of The Engineering 
Business Ltd (EB), consisting of an oscillating 
hydroplane that transforms marine energy into 
electrical energy.  The first phase of this project 
started in 2001, involving mathematical and physical 
modelling and the design of a 150 kW model for sea 
trials.  In August 2002 the 150 kW Stingray was 
completed and was installed in Yell Sound in the 
Shetland Islands; however it remained submerged 
for only 12 days.  Investigation and analysis of data 
led to some device refinements and the re-
installation of the device in Yell Sound, operating for 
53 days.  EB then planned the construction of tidal 
farms formed by machines of 500 kW rating; 
however, in the absence of appropriate further 
funding EB declared that they could not continue to 
sustain the project and put Stingray on hold. The 
total costs expended were £1.87 million. 
 
 
Website - http://www.engb.com 
 

Email - team@engb.com 
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8.3.5 TRANSLATING HYDROFOILS 

 

Aquanator 

The Aquanator is a device which uses a series of foils mounted in a belt or chain. Its developer, 
Atlantis Resources, plans to build 25 units of 1 MW in the next five years. Some prototypes have 
been tested, but there is no published information about them. 

 

 

Harmonica (Norway) 

Tidal Sails is a Norwegian company which has been developing a tidal stream generator in 
collaboration with the University of Hertfordshire since 2004.  The project Harmonica consists of a 
tidal power station made of huge sails affixed to long cables under water, resembling a ski lift. 
These are pulled by the tidal stream and feed a generator, which in turn produces electricity.  

The material strength and machinery simulations were done in 2005. By 2006 the tank tests were 
finished as well as the construction, design and deployment of a small prototype of 1/40 scale in 
Skjoldastraumen.  In 2008, the company plans to build a larger test model and place it in 
Lukksundet in the east of Tysnes.  The goals for the following years are the grid connection of a 
200 - 250m long prototype and finally the implementation of 10 units in a full-scale device 
(1000m) in Kvalsudent in 2010. The estimated cost is between £4 and £5 million. 

 

Website - http://www.atlantisresourcescorporation.com/ 

 

 

Website - http://www.tidalsails.com 

Email - info@tidalsails.com 
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8.3.6 VENTURI DEVICES 

 

Gentec Venturi (New Zealand) 

The construction of a GENTEC venturi demonstrator is expected to begin in March 2008 in New 
Zealand by the company Greenheating. This floating structure incorporates energy storage and in 
the future it is planned to form a renewable source in countries with poor tidal stream regimes.  

 

Hydro Venturi (UK) 

Hydro Venturi has been developing a system which works with the Bernoulli principle. This 
prototype uses the pressure drop in a venturi duct to move a second medium (air). It is claimed 
that the best site to install the device is where the water is constrained like an inlet or a fjord.     

From 2002 to 2005 the company operated a head hydro system in the North of England  and in 
November 2005 they installed an ultra low head hydro demonstration system in the English 
Midlands.  After that, a demonstrator plant was built on the River Derwent, Derby.  Since then, 
they have continued with the development of novel applications for their devices and also, 
feasibility studies of locations in Canada, Scotland, New York, Iceland, New Zealand and India, 
for installation purposes.  The project has received £2.5m funding to date. 

 

 

 

Website - http://www.hydroventuri.com 
 

E-Mail - jdenavarro@hydroventuri.com 

 

 

Website - http://www.greenheating.com/index.html 

Email - solutions@greenheating.com 
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8.3.7 OTHER SYSTEMS  

 

Tidal  Lagoons 

The site discusses the advantages of a tidal lagoon but gives no details of construction plans.  
Two projects in China and the United Kingdom are mentioned but no information is given about 
their status. 

 

Tidal Delay (Australia) 

Tidal delay is a method of energy capture developed by Woodshed Technologies. Since 2002 
they began this project which relies on the movement of large masses of sea water being 
restrained or delayed by natural coastal landforms such as peninsulas or isthmuses. This delay 
leads to the creation of potential energy which is exploited by a standard turbine and generator.  
The company conducted field analyses in the UK from 2005 onwards, and stated plans to build a 
commercial plant in 2007. 

 

Website - http://www.woodshedtechnologies.com.au 
 

Email - shastings@woodshedtechnologies.com.au 

 

Website - http://www.tidalelectric.com/ 
 

Email - inquiries@tidalelectric.com 
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Tidal Current Turbine (Netherlands)  

Neptune Systems has been active from around 2000, looking at magneto-hydrodynamic (MHD) 
principles for marine current energy conversion.  No working prototypes appear yet to have been 
produced. 

  

 
 
 
 
 

Website - http://www.neptunesystems.net 
 

Email - E-mail: info@neptunesystems.net 
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8.4 Annex 4: Listing and Brief Summary of Existing Marine Roadmaps 

 
A brief survey of ocean energy roadmaps is listed below. 

8.4.1 Ocean Energy in Ireland (The Marine Institute , Sustainable Energy Ireland 2005) 

This is a strategy document56 submitted to the Department of Communications, Marine and 
Natural Resources with a view to accelerating the deployment of marine renewable devices by 
increasing R&D capacity (both academic and industrial) as part of a long term commitment to 
marine renewables as part of Ireland’s 13.2% renewable contributions target for 2010 and 
increasing longer term targets. 
The strategy is split into 4 phases: 

1. Development (2005-2007): R&D support, both for products and institutions 
2. Pre-commercial single device (2008-2010): demonstrator support 
3. Pre-commercial 10MW array (2011-2015): moderate support for arrays connected to the 

grid 
4. Commercial deployment (2016-): large scale deployment 

The route is broken down, and a step-by-step approach is presented. Since this is more of a 
policy document, there are no device type specific aspects, however, there is a timeframe 
presented, along with what the authors regard as suitable funding levels. As such it may provide 
an insight to potential device development timescales and costs, as well as possible funding 
routes. 
 

 
 
This diagram is taken directly from the document “Ocean Energy in Ireland” see ref. 56 
 

                                                 
56 “Ocean Energy in Ireland – An Ocean Strategy for Ireland Submitted to the Department of Communications, Marine and Natural Resources” 

October 2005 by the Marine Institute and Sustainable Energy Ireland (SEI) 
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This strategy forms a part of the officially adopted strategy for renewable energy laid down in the 
2007 government white paper “Delivering a Sustainable Energy Future for Ireland: the Energy 
Policy Framework 2007-2020” from the Dept. of Communications, Marine and Natural Resources. 
 

8.4.2 Sea Change 

Based on a review of previous strategy, market review, various analyses consultation and 
dialogue, this strategy document in 2 parts presents a selection of objectives for 2013 required to 
meet a number of potential 2020 scenarios. While not specific to marine energy, offshore 
renewables fall under a recommended research programme (RP4) of the “Discovery Research 
Measure.” In terms of offshore renewables, by 2020 Ireland expect to be a world leader with a 
successful export market. The proposed strategy suggests 2013 targets for establishing Ireland 
as a centre of excellence in 

·  Model testing & performance validation 
·  Mooring design 
·  Hydrodynamics & modelling 
·  Wave forecasting 
·  Power take-off technologies 

In addition it is envisaged that there will be a minimum of 2 full-scale prototypes in the water, 
technical solutions for grid connection/power quality issues, as well as data provision services for 
stakeholders.  
In order to achieve these goals the following outputs are suggested for the period 2007-2013: 

·  Development of full scale prototypes 
·  Creation of a database of environmental data 
·  Energy storage research and analysis 
·  Power take off systems research (with a view to providing smoother output) 
·  Generation of expertise at model scale testing facilities 

Again, this is a policy document, with a view to providing the Exchequer via the Department of 
Communications, Marine and Natural Recourses guidance in provision of funding. Costs are 
suggested. 
 
 

8.4.3 BWEA Commercial Roadmap: “The Path to Power” (2006)  

Based on interviews and “conversations” with industry stakeholders during 3 rounds of studies 
identified 3 key types of hurdles requiring surmounting: Financing, Grid Access and Planning & 
Permissions. 
In terms of financing, there is a lack of clarity and an apparent gap between funding offered to 
embryonic, primarily R&D or demonstration projects (MRDF, Carbon Trust’s Marine Energy 
Accelerator) and the large scale incentives offered to more mature technologies (Renewable 
Obligations, Climate Change Levy). 
With Grid Access it is noted that deployment near optimum resources was hindered by lack of 
sufficient grid capacity, due to the remote nature of the most favourable resources.  
With Planning and Permissions, the most pressing issue noted appears to be the lack of a 
coherent framework for future deployment in terms of the requirement for SEAs in England and 
Wales, site selection and EIAs. 
In an effort to tackle these issues, a number of strategies were recommended, and are 
summarized as follows: 

1. The Government must publish and commit to a strategy, in which it would state its 
support for the growth and development of the sector. Essentially this would provide 
industry with the knowledge that the Government recognized the industry, and would 
allow the “legitimization” of the sector in the eyes of financial backers. The suggested 
timeframe for this is immediately. 
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2. The provision of a suitable strategy for support mechanisms to bridge the funding gap. 
Again, this falls to the government and should be implemented as soon as possible, with 
a view to having a new funding mechanism in place by 2008. 

3. Work on grid issues requires active participation on the part of the RE industry with 
multiple partners, especially the oil and gas industry, OFGEM, the National Grid and the 
(then) DTI, with a view to ensuring that the industry is properly represented during the 
upcoming and future planning and consultation exercises. In addition, there should be 
some mechanism in place to cap charges for network use in remote areas (as it is, 
generators must finance and provide security for their own connection to the grid). This is 
a current and ongoing task. 

4. Preparation for an SEA: Scotland is already in progress on a marine energy SEA (went 
out for 12 week consultation on 30/03/07); the remainder of the UK must start preparing 
the framework for such a study – examining potential requirements, performing generic 
studies, and looking into guidance and monitoring requirements of installed devices. 
From a completed SEA, the requirements for EIAs would become apparent, thus it is 
recommended by the report that this process be completed as soon as is practicable.  

 
 

8.4.4 UK Energy Research Centre (UKERC 2005 - ?) 

Based on the Battelle approach (Placet & Clark, 199857), the work to date has been published58 at 
the EWTEC 2007 conference in Porto, and reports that the first “issue” of the Battelle approach 
(community consultation) has been addressed via a number of questionnaires given to 
stakeholders at a previous conference. This Roadmap authored by Edinburgh University has 
been in progress since 2005. A brief history of prior roadmaps is presented, with emphasis on the 
most relevant to the marine renewables sector, and from this “vision statements” are generated. 
In order to accomplish these, the following are presented as part of the business strategy 

1. “Exploit the UK marine energy resource taking into 
 account the environment and marine users. 
2. Encourage collaboration between academia and 

industry. 
3. Train the next generation of engineers required to 

sustain the industry. 
4. Build up manufacturing facilities. 
5. Export high value products – design expertise. 
6. Promote a market driven industry. 
7. Provide world class test facilities in both wave and tidal 

current systems at all scales of development. 
8. Establish standards and certification. 
9. Work closely with the onshore grid operator to enable 

the economic exploitation of the marine resource. 
10. Installation and operation of small wave and tidal 

current farms, to build up investor confidence. 
11.  Develop a supply chain to support technology 

developers.” 
 
In addition to these, a number of technical strategies were presented: 

1. “Test Facilities 
2. Resource Modelling & Measurement 
3. Device Modelling and Design 
4. Electrical Power Infrastructure and Technology 

                                                 
57 Placet M, JF Clark. 1998. “Emerging Technology Road Maps.” Available at http://www.globalchange.umd.edu/staff/jclark/publications/ 

58 Meuller et al, 2007. “The UKERC Marine Renewable Energy Technology Roadmap” in the Proceedings of the 7th European Wave and Tidal 

Energy Conference, Porto, Portugal  
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5. Moorings and Sea Bed Foundations 
6. Installation and O&M 
7. Survivability 
8. Environmental and Marine Users 
9. Standards & Certification 
10. Policy & Economics” 

 
The importance of these was rated by a questionnaire. The results from the questionnaire will 
influence the future direction of roadmap development – the following points are drawn from this 
work: 

·  “Standards” and certification are necessary in the long run (for, at the very least, 
insurance purposes), but may stifle nascent development and should evolve via 
guidelines and best practice. 

·  A marine energy roadmap should find use by all members of the ME community 
from researchers to investors. 

·  A framework embodied by a roadmap must be sufficiently flexible that it may be 
applied in as many countries as possible. 

The roadmap appears to be in the embryonic stages, and as such really is mostly a consulting 
and background exercise so far, although a “landscape analysis” has been presented, along with 
some draft timescales. As it is formed around a “living document” philosophy, it is likely to expand 
significantly in the future, although completion was expected in August 2007. 
 
 
 
 
 

8.4.5 DTi Technology Road-map – Wave Energy (Ove-Ar up, 2001) 

Couched in terms of R&D, and with the purpose of providing the DTi with a framework for 
managing state funding, this roadmap is generic in nature and geared towards wave-energy 
devices. However, there is no preclusion for use with tidal power devices, and the time-scale and 
waypoints are broadly applicable. The framework is broken down into two streams, one dealing 
with new devices, and the other with established technologies. 
 
The following is taken directly from http://www.dti.gov.uk/files/file15410.pdf  
 
Existing, well established device concepts 
  
Activity  Target 

date  
Further reduce the risk and uncertainty associated with the key components of initial 
projects. This could be laboratory-based or use a real sea environment (only if this is a 
sensible way of reducing risks and uncertainty.  

End 
2002  

Commence small (typically 1/10 scale, but larger if justified) prototype testing in real, 
meaningful sea environments. Primary aims:  

·   To confirm energy capture  
·   To further improve confidence in mechanical design, survivability  
·    To improve confidence in cost estimates and energy costs.  

 
Such projects are unlikely to include all the electrical aspects of the system.  

End 
2002  
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Support design studies that will evaluate the potential of these concepts for further 
development.  

End 
2003  

Evaluate the results of the above. Consider if there is sufficient justification for the 
design, construction and deployment of meaningfully sized prototypes (perhaps 1/3 or 
½ scale) for testing offshore in realistic marine environments. Such projects are likely 
to include electrical aspects of the system and long-term performance evaluation.  

End 
2004  

Take forward additional projects on components where innovation is necessary and a 
case has been made for the work.  

End 
2004  

Report on the performance of prototypes. Identify their prospects for subsequent 
commercial development. Identify the next steps, which could include commercial-
scale demonstrations (probably post-2010, but earlier if justified).  

2010  

 
 
New design concepts  
Activity  Target 

date  
Completion of initial feasibility studies and design evaluations. The studies should 
improve confidence in estimates of energy capture, capital and operational costs, and 
eventual energy costs. They should also identify key development issues and areas of 
risk and uncertainty.  

2003  

Further evaluation and development of new device concepts; initial evaluation of 
models in wave tanks (typically at scales of 1/50 to 1/20); more detailed design, 
engineering and costing studies. Projects should further improve confidence in 
estimates of energy capture, costs and energy costs. They should also identify areas of 
uncertainty and risk.  

2004  

Take forward attractive concepts to small-scale or model prototype tests (typically 1/10 
scale) in an accessible but real sea or loch environment.  

2006  

 
<< End quote>> 
 
 
The roadmap was made up drawing together data and opinion from industry, academic, public 
sector, government and business stakeholders. A key theme was that the progression from small 
scale model tests through and beyond prototypes must be made as smooth as possible, both 
economically and in terms of mitigation of risk.  
 
In addition to providing workflow timescales, the Ove Arup report also provides a significant 
number of action items which when dealt with (and if the roadmap were adopted) would enhance 
and accelerate future work. The most significant are listed below: 
 

·  Databases covering guidelines, costs, interested parties, reliability/material data 
etc. and compilation of previous publications 

·  Inter-industry collaboration and knowledge sharing with the offshore 
oil/petrochemical industry plus adoption of techniques and experience; possible 
“load-sharing” collaboration (shared inspection of remote facilities for example); 
collaboration with offshore wind 

·  Development of various control strategies 
·  Fault detection & grid integration 
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·  Mooring issues 
·  Modelling issues 
·  Replacement of oil in hydraulic systems with environmentally acceptable fluids 
·  Various R&D into: cable laying, hydraulic machines, energy storage 
·  Work on boosting investor confidence 

   
 
 

8.4.6 IEA Ocean Energy Systems (FES/DTi 2003) 

As part of the IEA OES Annex 1, this report, focusing mainly on research priorities, provides 
goals for wave and tidal devices in terms of perceived R&D needs. This comprehensive report 
gives an historical perspective to existing device classes with a review of past and (then) current 
projects, with a technical synopsis of the various device types and an evaluation of the global tidal 
and wave energy resources. A list of priorities for future R&D is developed based on wide scale 
consultation with business, government, industry, academia and public sector stakeholders. The 
following R&D priorities are highlighted from chapter 7 & 8, and expounded on in chapter 10: 
 

·  Creation of a technology information centre 
·  Resource assessment 

i. Forecasting 
·  Operation and maintenance 

i. Sealing 
ii. Cavitation 
iii. Turbulence 

·  Environmental impacts & interaction 
i. Biofouling 

·  Installation 
i. Array operation 
ii. Cabling 
iii. Mooring 

·  Hydraulics 
·  Testing, proving and certification 
 

There are other device specific R&D requirements, as well as a number of “industry” or 
methodological requirements considered as pressing, however no timescale or structure is 
presented, and as such this work is more of a list of “destinations” rather than a comprehensive 
roadmap. 
 
Annex 2 provides a more targeted set of guidelines for the development and testing of marine 
renewable devices (specifically wave) with the hope that they would become standards for 
testing, costing and result presentation. The overall goal is to allow comparisons between 
systems, where the assessment may not necessarily compare like for like. As such, there are 
presented detailed guidelines on relevant tests and procedures required to generate (then 
process) data for device performance characterization.  
The work is broken down into 3 main sections as follows: 

1. Description of test facilities  
·  Summaries of capabilities and contact details for test tanks in Canada, Denmark, 

France, Ireland, Portugal and the UK, providing details on facility type, 
dimensions and wave and current generating capabilities. 

2. Testing procedures 
·  Model setup (e.g. scaling) 
·  Seastates (wave conditions) 
·  Recommended experiments (wave devices) 
·  Measurements 
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·  Prototyping 
3. Presentation of results (a subsection in the publication) 
4. Performance assessments (a second subsection in the publication) 

 
 
 

8.4.7 World Energy Council (JWG Consulting Ltd, UK,  2001) 

A component of the “WEC Survey of Energy Resources – 2001: Wave” this is not strictly a wholly 
devoted roadmap document, rather a section where the author recommends a possible approach 
in the form of a roadmap. There is no indication that any consultancy with key stakeholders 
occurred, however the provenance of the document suggests that the roadmap was prepared 
with due care – however there is no real detail at each stage of the plan.  
Although it is a wave power R&D timeline, the principles will be the same as were it a tidal 
roadmap, and although the first 2 stages would be slightly different, the core idea would not 
change. The roadmap is presented below: 
 

This diagram is taken directly from reference 59  
 
In addition a small number of generic areas for concentrated R&D are suggested: 

·  “moorings – long-term fatigue of lines and connections; 
·  standard couplings for quick-release and re-attachment of moorings and cables; 
·  standard flexible electrical connectors; 
·  reduced-cost production of cables, construction and laying offshore; 
·  modelling of arrays of multiple wave energy devices; 
·  real-time wave behaviour forecasting; 
·  environmentally acceptable fluids for hydraulic systems; 
·  direct-drive power generators; 
·  power-smoothing systems; 
·  electrical power storage techniques and devices” 

 
<< End quote>> 
 
 
 
  
 

                                                 
59 http://217.206.197.194:8190/wec-geis/publications/reports/ser/wave/wave.asp  

 


