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Preface

More than ever before, the conjunction of France’s energy commitments to Europe within the domestic framework of the Grenelle environmental summit meetings, and the context created by the new oil crisis, should lead us to actively consider renewable energies.

Well aware of these considerations, in March 2007, I decided to launch a prospective foresight study on marine renewable energy sources (RES) for 2030. The ocean is a huge reservoir with wind, currents, waves, tides, biomass, thermal power, etc. France enjoys significant potential for the development of renewable energy sources having extensive seafronts in metropolitan France and overseas as well as the necessary knowledge and expertise.

Twenty French partners representing the main actors in the sector took part in this work. I would like to express my warm thanks to them for their participation. This study describes a range of possibilities for the future (depending on the world context, energy demand trends, the role played by stakeholders, etc.), the consequences of developing various known technologies, and the research and development they will require.

The work is also part of a European foresight perspective, in that it highlights the advantages of the numerous types of synergy and co-operation that can be developed between EU countries in the next twenty years.

Ifremer has thus, true to its calling, contributed to the collective think-tank, aiming to enlighten public decision-making in the field of energy and more especially, marine renewables.

It is now up to each of us to take these reflections on board and put them into action. Ifremer will draw concrete results from them in the framework of its strategic plan.

Jean-Yves Perrot 
Chairman and Chief Executive Officer of Ifremer
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Foreword

In March 2007, the Chairman and Chief Executive Officer of Ifremer launched a foresight study by a think-tank on marine renewable energies for 2030, with some 20 French partners representing the main stakeholders in the sector: ministries, industrial leaders, research institutes and specialized agencies. The think-tank’s multidisciplinary nature is largely justified by a subject, which involves not only the diversification of energy sources, Europe’s commitment to fighting the greenhouse gas effect and the environmental impacts of installations and facilities at sea, but also the development of coastal zones where a wide range of uses interact and compete. The study aimed to contribute to an executive summary covering various aspects, such as identifying the stakes, the conditions for emergence and major technologies in the medium term in order to reassess Ifremer’s position, beyond offering expert opinions. It also aimed to identify the partnerships and strategic programmes which fall within Ifremer’s realm of competence. The issue of marine renewable energies is part of the renewable energy issue overall. The latter is vital, particularly as the Western world comes under pressure from energy needs and rising oil costs, as well as global warming. Given the efforts required to develop renewable energies, the relative scope for developing marine renewable sources must be defined in terms of their estimated cost, technological and planning constraints, both on land and at sea, and their potential environmental impacts. The study collected and summarized a large number of studies data. It has reduced the uncertainty and provides an objective capability to assess numerous opportunities for partnerships. It mobilized some fifteen experts over a one-year period. The study received the support of the Futuribles consultant’s group in implementing the ‘scenario’ method1. After 30 factors called ‘variables’ were studied, four contrasting ‘scenarios’ were selected. Their main driving forces or ‘drivers’ are: the market in a crisis context; world energy policy and sustainability; national interests and energy security; and local developments with risk-taking.

Developing every technology studied here could be of interest. Their advantages vary greatly, depending on:



	– the energy and socio-economic context, which will lead either to developing only the most mature technologies, such as wind, as an emergency response, or to seeking synergies between technologies, such as thermal marine energy and biomass;

	– the possibility of manufacturing hydrogen to store intermittent energy and move production systems away from the coast (giving access to additional resources): of interest for floating wind and wave turbines, for example;

	– the geographical scope: marine thermal energy has great potential in the tropical islands of France’s overseas departments (counties) and regional authorities;

	– the specificity of energy needs: marine biomass is the only one of seven resources which can be used to produce directly a ‘renewable’ liquid fuel oil-substitute for transport.
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Photo 1 : the Pelamis system to recover wave energy being tested under rough conditions at the European Marine Energy Centre in Scotland (© Pelamis Wave Power Ltd, UK).



Their features also differ in terms of how they fit into coastal areas, depending on the size of developments and the physical-chemical properties of the marine environment they utilize.

Since France ranks second in Europe for potential wave and wind energy at sea, along with an excellent tidal energy resource and large tropical marine areas, it can play an important role in both research and development, particularly if the risks linked to the choice of technologies are shared between all players, including the State. Indeed, the latter has several forms of leverage in pooling skills and expertise and co-financing the risk-taking. Finally, the earlier the consultation is performed, the more people will find the project socially acceptable.

Under these conditions, marine renewable sources can help to meet the objectives set by the EU for renewable energy in 2020 while developing technologies that can be exported. One ‘normative’ scenario including concrete and balanced hypotheses for developments shows a possible net contribution from marine energies of 1.5 million tonnes of oil equivalent (Mtoe) per year (17.2 TWh/year) by the year 2020, making 7.7% of the 20 Mtoe increase in renewable energy production, which is the target envisaged in the framework of the French environmental summit meeting. Within this scenario, the 7.7% would be divided between 5.2% for wind farms at sea and 2.5% for other marine energy sources.

This scenario clearly indicates the efforts needed to support the industries which would have to be set up in order to reach this objective. This entails creating the conditions to promote building and strengthening French skills in the field, better support for technologies being developed in France and setting up the first demonstration installations at sea. In fact, although these supply chains have undergone sustained development efforts in a few other European countries and elsewhere in the world, no technology, except for wave turbines, has yet been validated by industrial qualification. This means that France still has time to take its place in this just-emerging future market. By the year 2020, based on the results of the first demonstrations validated at sea in France and Europe, farms could develop on an industrial scale and put the target of 7.7% of the 20 Mtoe increase in renewable energy generation within reach.
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PART 1

Summary of studies
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Photo 2 : offshore wind farm at Nysted, Denmark
(© Ifremer, G. Véron).







Scope of the study

Marine renewable energy sources (RES) are listed as one component in Europe’s energy mix set out in EU targets for the year 2020 (20% of power consumed will have to be generated from renewable sources). A number of international conferences on the future of the environment have also referred to this issue. In March 2007, seeing the lack of clear direction on this important subject in France, the Chief Executive Officer of Ifremer proposed that the main stakeholders in marine renewable energy research and development (R&D) and the ministries concerned, take part in a collective prospective study.

Four major justifications can be seen for exploring the subject of marine energies:



	– the need to reduce greenhouse gas emissions;

	– the short- and medium-term risks on oil supplies;

	– the need to investigate all avenues for renewable energy production;

	– the need to consider the impacts (i.e. environmental and acceptability) of these new plants on coastal areas and their uses.


France pioneered this field in the 1960s with the first tidal generator plant in the world (La Rance). Even more important are the existing developments and growing demand for marine renewables, including the distant overseas territories. A few examples include the air-conditioning for a hotel on Bora Bora, an identical project for a hospital in Tahiti, and issues of energy security and cost in the large French tropical islands.

Thus, the initial scope of the study was set out in the form of three main questions:



	– What technologies can serve to produce energy from the ocean?

	– What are the social-economic prerequisites to ensure that they are developed and are competitive?

	– What are the respective impacts of these technologies on energy sources and the environment?


The main lines of the study were as follows:



	– time horizon: 2030;

	– scope of study: France – in a global, and more especially European, context;

	– technologies: all marine-related technologies, except for fossil fuels;

	– method: scenarios method (with support from Futuribles consultants);

	– timeframe: 10 months.


Potential RES fall into five categories:



	– wind at sea to produce electricity using offshore wind-turbines (neither shipping nor routeing was covered in this study);

	– water movements, generating energy from currents, waves or tides;

	– water temperature, whether for recovering energy using temperature gradients between the surface and deep sea, or by directly pumping cold water from the deep for cooling purposes;

	– marine biomass used to produce energy, especially marine plants like micro-algae;

	– osmotic or salinity gradient power, produced by mixing two types of water with different saline concentrations (freshwater/seawater).


Fuels (apart from uranium found in seawater), which could be extracted from the sea, such as methane hydrates, fall outside the range of this study, since strictly speaking they are considered to be non-renewable resources and because using them creates greenhouse gas emissions. The study examined the interest of combining seawater desalination with power generation.

Lastly, the ‘potential resources and needs’ type of approach was used, calling on inputs from social sciences.
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▮ Photo 3 : Rambiz crane-barge installing the Seagen stream turbine on the Strangford Narrows site, Northern Ireland (© Marine Current Turbines, UK).



In order to analyse the factors or conditions for development of marine renewable energies in future, it is necessary to have an idea of their potential uses.
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Table 1 : marine renewable energy sources and potential uses.



Note1: Electricity can produce cold or heat, which can be utilized for industrial purposes or for manufactured products like water (in desalination).

Note2: The following constraint should be noted: the outputs (electricity/cold/heat) for most energy sources cannot be transported, except for those from biomass and manufactured products like biofuels, water, etc.





Methodology

The complex, but powerful, ‘scenario method’ was used by the Working Group, with ongoing support from the Futuribles consultants. A Steering Committee brought together representatives from all the organizations involved in the study, with the purpose of monitoring the work and refining the objectives as it progressed.

The Futuribles group supervised the use of the scenario method in the following series of steps:



	defining the subject and time horizon (see above);

	identifying the key variables and their relationships (components);

	exploring possible trends and developments of key variables (set of hypotheses);

	constructing exploratory micro-scenarios within the components and then macro-scenarios;

	identifying the stakes and challenges within the scenarios and exploring outcomes and means for the development of technological research.


The selection and analysis of key variables

This phase is when the system’s ‘building bricks’ are created. It can be broken down into two steps:



	– Identification of the variables. Thirty factors were identified in the marine RES system. They were divided into five ‘components’, including that of technologies (seven separate technologies plus hybrid systems). The detailed list of key variables within each component group is given in Appendix 5.

	– The documented analysis for each key variable followed a standard pattern: defining the variable, the relevant indicators, backcasting (over the past 30 years), forecasting (to 2030) and selecting a set of two to four hypotheses for how this variable could evolve.



The development of the micro-scenarios

This phase consists of combining sets of hypotheses for the variables within each component or theme (e.g. the global context, European and French energy regulation, areas of operation, etc.). By proceeding in this way, three or four partial scenarios, called micro-scenarios, are found for each component, using all or some of the hypotheses for each variable.


The development of the macro-scenarios

In this phase the micro-scenarios are combined to highlight the contrasting general scenarios, which could enable the driver of technological development to be determined for each scenario. In this way, a marine renewable energy mix could be associated with each possible scenario or future situation, using the advantages and constraints of the various technologies (see the presentation in table 15, p. 81).


The identification of the scenarios’ stakes and leverage

In this phase, the major underlying driving forces (e.g. market, global climate governance, energy security and local development) are analysed. This enables technologies to be chosen with regard to their advantages, constraints and development potential. Each scenario has consequences which can be estimated in terms of potential installed power or specific constraints (e.g. space at sea). Lastly, the leverage making it possible to move from one scenario to another, such as an oil-price crisis or climate trends, is identified for each sub-system.


Outcomes based on conclusions from the previous phases

This final phase examines how to improve the R&D capability for a given technology, which would lead in turn to selecting strategic partnerships and funding to be set up or strengthened (the latter point is outside the scope of this study).





Review of marine energies: resources and technologies

It should be pointed out that for each marine energy source there are orders of magnitude differences between the size of the natural resource and what is technically exploitable, allowing for technological, industrial, administrative and environmental constraints. Of course, these technologies can only be developed in close co-operation with other users of the sea and shores. What is ‘socially and economically’ exploitable, due to the necessary sharing of space, will be lower than the technically exploitable potential.

Offshore wind power

Electricity is produced by turbines, which harness energy from the wind blowing over stretches of sea and the electricity is carried to shore by undersea cables. A study by the International Energy Agency (IEA) in 2000 set the technically exploitable potential in Europe at about 313 TWh/year for sites less than 20 km from the coast and at depths of less than 20 m. In the future, floating wind turbines moored to the seabed could be used, since they present fewer constraints in terms of depth limitations. They would provide access to much greater wind resources because they could be set far from the coast.


Ocean energy thermal conversion

The theory behind ocean energy thermal conversion (OTEC) is to use a temperature difference of at least 20°C between deep water (upper limit of 6°C) and the surface (lower limit of 26°C) to generate electricity, as well as freshwater, cooling for air-conditioning and derivatives for aquaculture, depending on the type of process used (i.e. open or closed cycle). The global resource theoretically could generate about 80,000 TWh/year in inter-tropical areas based on a temperature gradient of at least 20°C. This presumed resource is only partially and locally exploitable, due to the lack of areas where electricity is consumed, particularly in the Pacific inter-tropical zone. Storing the energy by using hydrogen can be envisaged in the long term. Another thermal conversion use in temperate zones is to utilize warm water near the surface as a heat source for heating and cooling installations with heat pumps.


Stream energy (tidal turbines)

Since it is a predictable and intermittent source, the kinetic energy from tidal currents could provide the ‘semi-base load’. The technically exploitable potential worldwide has been estimated at 450 TWh/year, while that of Europe is thought to be between 15 and 35 TWh/year, for about 10 GW. The French technically exploitable potential, according to EDF Energy, is said to be between 5 and 14 TWh/year, that is, 2.5 – 3.5 GW2. Potential sites with specific conditions (e.g. straits, capes, narrows, etc., where increased speeds are observed) have been clearly identified (in France: Raz Blanchard, Fromveur, Raz de Sein, Héaux de Bréhat, Raz de Barfleur, etc., and in the French overseas regions: with effects from headlands, passes, etc.). The major ocean currents (Gulf Stream, Kuroshio, etc.) could also be a significant source of marine energy.


Tidal power

According to the World Energy Council, the global potential for ‘conventional single-basin sites’3 is estimated to be 380 TWh/year for 160 GW. The Rance site’s 240 MW capacity was inaugurated in 1966. Renewed interest can now be seen outside France, in South Korea, with the construction of the Sihwa power plant (260 MW) and studies are underway on the Garolim project (500 MW), while in the United Kingdom studies have been re-launched for the river Severn plant (8.6 GW), calling on innovative concepts of tidal lagoons and multiple-basin plants.


Wave power (ocean wave energy)

Approximately 10% of annual global demand for electricity4 could be met by ocean wave energy production, according to the World Energy Council, that is, a technically exploitable potential of 1400 TWh/year. In metropolitan France, the technically exploitable potential is estimated at 40 TWh/year, about 10% of the theoretical resource (i.e. 400 TWh/year), which could generate some 10 – 15 GW, mainly along the Atlantic seafront. In France’s overseas departments and local authorities (DOM-COM), strong potential is seen in Réunion Island, Polynesia and New Caledonia, as well as locally in Martinique and Guadeloupe.


Marine biomass

It is estimated that between 200,000 and 1 million species of algae exist worldwide. This exceptionally adaptable biodiversity leads us to believe that they are proportionally rich in new molecules and lipids. Compared with terrestrial oilseed plants, micro-algae have numerous characteristics favouring fatty acid production, which could be used to advantage in producing fuels. The main advantages are a biomass yield that is 10 times higher than terrestrial crops and the absence of conflicts over demand for freshwater and farmland. Production could range from 20,000 to 60,000 litres of oil per hectare per year, compared with 6000 litres of palm oil, and oilpalm has one of the best yields for terrestrial crops. The surface areas which could be used are yet to be identified and work is necessary to reduce costs.


Osmotic power (salinity gradient)

When a river flows into the sea, it releases a large amount of energy due to the difference in salt concentrations. Two ways of recovering this energy are being tested: the first (in Norway) is based on osmosis and the second (in the Netherlands) on reverse electrodialysis. In Norway, it is estimated that 10% of annual energy requirements could be met by this technology.





Four possible contrasting scenarios

What conditions are required for the emergence and competitiveness of marine renewables? This question was the prime objective in drawing up the scenarios. The Working Group drew up four deliberately contrasting scenarios. Table 13 (p. 79) describes their features and projections for the potential implementation of the various technologies. The four scenarios were given the following titles:

Scenario 1 – Crisis and energy emergency;

Scenario 2 – Altruistic co-operation through necessity;

Scenario 3 – Few changes, every man for himself;

Scenario 4 – Independent local development.

In each scenario, the most appropriate and promising technologies for development are presented.

Scenario 1 – Crisis and energy emergency

Here the market is the driver in a context of energy crisis and economic competition. The main challenge is to control the most competitive and best-adapted technologies through strong strategic partnerships. Since political support is weak, investments are made by clusters of private-sector operators, promoting development based on ‘demonstration trials’ that are increasingly scaled-up. Recurrent conflicts over access to territory lead to setting up dedicated areas or even multi-use farms. Research focuses on technological improvements, which are the key to competitiveness and a better understanding of impacts. This context favours proven technologies, such as wind, tidal and thermal conversion power. Given its strategic interest, extensive production of biomass is rapidly developed. Hybrid systems are explored in order to optimize investments. Systems applied to waves and current streams receive little or no study, since they are not profitable in the short term.


Scenario 2 – Altruistic co-operation through necessity

The driver is the political will for sustainability on an international scale in the context of regular extensions of the Kyoto agreements. The major outcome is funding for research and development of the least-mature technologies to facilitate private-sector investment and technological diversification. These efforts lead to increased risk-taking in new technologies and more especially, their hybridization, which also leads to mastering energy storage as well as opening the way to large-scale offshore systems. Research focuses on new concepts while aiming to minimize impacts on the environment. These world-scale dynamics give rise to several forms of technologies: deep water stream turbines, man-made tidal lagoons, wave turbine systems offshore (depth >50 m), floating wind turbines, OTEC used in association with aquaculture, large-scale use of biomass (i.e. intensive production on land, genetically modified organisms (GMOs) and multi-products), osmotic power (perfecting cost-saving membranes with a few micro-power plants). This technological profusion fosters hybrid applications, especially in the French DOM-COM5.


Scenario 3 – Few changes, every man for himself

The driver here is national interest and energy security in a context where global co-operation is limited. The major challenge is controlling energy sources nationwide as tensions and protectionism mount. After affecting the Southern hemisphere, a deteriorating climate will reveal requirements for freshwater in the North. Thus public support will move towards energy security, but at a low cost. This will result in grids not being strengthened to take in decentralized generation and the end of electricity feed-in tariffs after 2020. Dedicated energy farms will appear. Independent technological developments will be seen, entailing specialized research for each technology that will assimilate its environmental impact. This situation brings only slight developments in almost all technologies, as public- and private-sector investors opt for security rather than taking risks. Independent development of technologies will hinder both the search for synergies in funding and knowledge-sharing in impact studies.


Scenario 4 – Independent local development

The driver here is local development with risk-taking in a context of rising tension and protectionism, as well as the need for energy security. Freshwater requirements in the Northern hemisphere, together with those in the South, will justify both technologies and decentralized initiatives. Intensively produced biofuels (with photoreactors) will become cost-effective (end of tax exemption around 2015). Public support (via the regions) will aim to stimulate both the control and competitiveness of technologies. These dynamics lead to reinforcement of the electricity grids to integrate the means for decentralized generation and differentiated development of technologies, depending on the regions and their specific assets. Research supports the perfecting of technologies (local opportunities) and helps to launch local demonstration installations. This evolution and the attendant risk-taking require major involvement by political decision-makers in order to facilitate the social acceptability of these experiments. The outcome for the technologies is the appearance of niche markets whose effect of scale is only felt on a global level. Wind, thermal and biomass reach industrial-scale development, while other technologies are developed locally on a small scale. Research remains patchy and highly focused on local constraints. Coastal universities supported by regional councils play a prime role.





Conditions for emergence considered in these possible scenarios

The foresight exercise does not aim to describe what tomorrow will be, but rather to describe a range of future possibilities by choosing the most contrasting examples. This means that the scenarios are an ’exaggerated version’ of what could happen. In the micro-scenario building stage, the Working Group noted the indicators (called forms of ’leverage’), which would enable the various sub-systems to evolve from one configuration to another. Therefore, in the macro-scenario stage of the exercise, the factors which favour or, on the contrary, hinder the development of marine renewable energies can be identified.


Elements from the global, European and French context

A global agreement on climate (Kyoto II type), with commitments to reduce greenhouse gases in order to halve global emissions by 2050, would most likely accelerate the development of renewable energies including ocean power. The most favourable of cases would be to rapidly reach such an agreement by around 2010. This would leave time to muster political and financial support, and for the technical and industrial development of marine technologies through research. Increased tension in the energy field (e.g. price, risks of shortage or breakdown in supply) or the acute concern regarding climate hazards are also factors that could contribute to increased co-operation between different regions of the world to develop new energy sources.

In terms of both European and French energy policies, the conditions necessary to foster the development of marine energies rely both on support for the energy sectors and the co-operation of stakeholders, whether they are institutions or utility operators.

The more the political support for renewables is diversified between mature and less mature technologies, then the greater the likelihood of the development of a wide variety6 of ocean or hybrid technologies. Without this diversified support, there is a risk of immediately trying to standardize technological solutions for renewables within a rationale based on effects of scale. Under this hypothesis, it would be difficult to design solutions, which are adapted to the diversity of local specificities and resources.

European co-operation could provide powerful leverage in the development of these technologies, both in terms of planning tools for marine areas and identifying the resources available on the European scale, as well as in sharing knowledge about the impacts obtained from initial experiments on ocean power technologies.

In fact, this co-operation would make it possible for operators to build a strategy for industrial development on a European scale, through partnerships as needed, while ensuring continued progress on the technology itself or the way it is established. Such co-operation would supply the means of improving dialogue with coastal populations regarding the setting up of a marine RES project



	on one hand, putting exploitation of a local resource into perspective with respect to European resources and feedback from experience elsewhere, whether positive or negative, together with making local populations part of the process from the outset. This would significantly facilitate social acceptability;

	on the other hand, involving scientists in consultations with the population. Theses mean might also be a factor for success, in that these experts are these experts are not ‘judge and jury’ for the industrial project and can thus give a more objective outsider’s view.



Carrying out impact studies and environmental monitoring are expensive and currently form a significant part of the risk-taking for project developers. This, amongst other things, explains why so few innovative projects are emerging.




Interesting initiatives

There are some interesting experiences in other countries of monitoring impacts and/or co-funding.

Denmark has pioneered the field of monitoring the impacts related to marine energy installations. Indeed the Horns Rev7 and Nysted8 farms integrated an environmental monitoring programme, the outcomes of which were delivered in

November 2006 at a conference in Helsingor9. An impact assessment was also made on these farms, and a non-technical summary of it can be consulted on their websites.

The monitoring programme began in 1999, with a budget of 11 million euros for environmental studies financed by Danish consumers through their public service contributions. Various themes were explored, for example, geophysical aspects, benthic communities, fish, marine mammals, birds and socio-economic effects. The monitoring programme was coordinated by a private and public sector partnership, the Danish Environmental Group, and its results assessed by the International Advisory Panel of Experts on Marine Ecology (IAPEME). Discussions with representatives of associations were held on a regular basis.
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[image: e9782759201839_i0009.jpg]Photo 4: Horns Rev offshore wind farm in Denmark (160 MW) is currently the largest farm in operation (© Dong Energy, DK).




The United Kingdom has set up COWRIE (Collaborative Offshore Wind Research into the Environment), a unique organization in Europe, devoted to research and improving knowledge about the environmental impacts of offshore wind power. It was created by the Crown Estate in 2001, with the announcement of the first round of wind farm development10. Funds deposited by the 18 project developers were used to set up COWRIE and are employed to carry out a series of environmental studies (on both negative and positive impacts). A steering committee made up of marine environmental experts and specialists from relevant bodies (e.g. government departments, the British Wind Energy Association (BWEA), the Royal Society for the Protection of Birds (RSPB), developers of Round 1 projects, etc.) determines the types of research which should be carried out. The body is separate from government R&D programmes, and the participation of developers has been a critical factor in its success. The same system of one-off payment of an option fee by the successful project developer applicants was applied in Round 2 in 2003.

One of COWRIE’s main aims is to ensure that its results are widely disseminated. The studies conducted have improved knowledge about potential environmental impacts and above all, have led to the publication of best-practice guidance documents aimed at industry, to ensure that any impacts are minimized. The five research themes given priority are: birdlife and benthos, electromagnetic fields, seabird survey methodology, remote monitoring techniques and underwater noise and vibration. Along with COWRIE’s action, the United Kingdom Government’s Department for Environment Food and Rural Affairs (DEFRA) and Department for Industry (DTI) also finance research projects on offshore wind and the environment. For instance, three projects are being run by Centre for Environment, Fisheries and Aquaculture Science (CEFAS)11. They focus on assessing wave system modifications, developing guidelines for sediment transport monitoring and researching the socio-economic impacts of offshore developments on the fisheries industry.

Other countries, like Germany, are developing technological research platforms, especially for wind power. These actions could facilitate the emergence of marine renewable energies, in a positive joint approach ensuring that knowledge about their impacts at sea is shared. To this end the Agency for the Environment and Energy Management (Ademe), working in collaboration with the French Research Institute for the Sea (Ifremer), carried out a study in 2006-07 on developing national strategies for managing the impacts of marine renewable energies in Europe. A preliminary impact assessment manual for offshore wind farms is also being drawn up. The document is intended to form the basis for a future impact study guide for offshore wind farms, which could be extended to various other sources of ocean power. Like the guide published for onshore wind farms, it is designed for project developers.




The need for pooling of skills and co-operation

Co-operation between industry and research players, as well as players from other marine activities, is needed to optimize energy generation, and, if it is to be focused in dedicated areas, to avoid conflicts among the different users.

The production per square metre occupied and farm maintenance costs can effectively be improved by seeking complementarity in the area or nearby, either between several types of energy technologies or between an energy technology and another activity, such as aquaculture. Finding synergies amongst activities can also make technologies more competitive through joint studies and pooled costs (e.g. maintenance, cables to carry power shore, etc.).

However, because of their backgrounds, industrial players tend to remain specialized within the technology where they have expertise. Pooling skills and co-operation is not a natural step for them to take. The public authorities and marine researchers can contribute by bringing them together and foster mutual understanding between several stakeholders in a project.




Essential technological developments

Lastly, a number of technological developments would make it easier to develop marine renewable energies. The most important of these, given the breakdown in supply that it can create, is how to store the energy generated, since this enables...
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