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1. Introduction
Ocean energy is regarded as an important future source of energy generation in many countries
- for transition to a low-carbon future, for energy security, and as an innovative, new industrial
sector.
According to the Ocean Energy Systems Implementing Agreement (OES), there is the potential,
worldwide, to develop 337 GW of wave and tidal energy by 2050, and possibly as much again
from Ocean Thermal Energy Conversion. As described in the OES “International Vision”,
deployment of ocean energy can provide significant benefits in terms of jobs and investments nearly 1.2 million direct jobs by 2050.
In a recent public consultation, for ocean energy, in Europe, there was a consensus that new
technologies will require new skills and new specialized qualification programmes and,
therefore, that ocean energy can contribute to the revitalization and diversification of marine
economies.

1.1 Background and Context for the OE Discussion Paper
The aim of the overall study - The Future of the Ocean Economy: Exploring the prospects for
emerging ocean industries to 2030- is to conduct a forward-looking assessment of the ocean
economy to 2030, with particular emphasis on the development potential of emerging oceanbased industries.
The world is facing significant challenges in the coming decades. These include finding and
developing new sources of economic growth, feeding and providing livelihoods for an additional
2 billion people by 2050, combating poverty, mitigating the effects of climate change, securing
adequate long-term energy supplies, managing natural resources sustainably, and developing
renewable sources of energy. The ocean is key to addressing these future challenges and its role
is set to grow in importance in the years ahead. However, the ocean and its marine eco-systems
are increasingly under stress, a long-term trend that risks undermining the very foundations on
which the future growth of the ocean economy depends. The objective, therefore, must be to
reconcile efforts to develop the ocean economy with the need to protect the ocean and nurture
its resources.
The overall report, being prepared by the International Futures Programme group in the OECD’s
Directorate for Science, Technology and Innovation, will take a cross-sectoral, multidisciplinary,
forward look at the development of the ocean economy, assessing the longer-term potential of
its traditional sectors, such as shipping, shipbuilding, fisheries, coastal tourism, and ports, but
placing particular emphasis on emerging sectors such as offshore wind, deep/ultra-deep oil &
gas exploration and extraction, ocean energy, marine biotechnology, aquaculture, sea-bed
mining, ocean mapping and monitoring, and ocean tourism. The starting point will be the
contributions that ocean industries can make to economic growth, employment creation and
innovation. The report will, subsequently turn its attention to the likely impacts of future ocean
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industry development on marine eco-systems and sustainability, the use of ocean space, and the
implications for managing ocean activities.
Ocean Energy is identified as one of the emerging sectors and this paper examines the prospects
and potential of the sector against a variety of factors including, resource potential, technology
development and growth scenarios, benefits of ocean energy, Planning and Regulatory issues,
Finance issues and synergies with other sectors. It largely draws on existing material, including
the country reports of OES members, other OES reports, and recent presentations and papers on
Ocean Energy.
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2. The Ocean Energy Industry Today
2.1 Ocean Energy Technologies
While Ocean Energy is regarded as an important future source of energy generation in many
countries, for transition to a low-carbon future, and commercial interest in ocean energy is
growing significantly at a global level, there are considerable investment costs and bottlenecks
that will need to be overcome. Research and funds supporting development are spread over
many different wave and marine current energy concepts, and there is still no technology
convergence, in contrast to wind energy. OE technologies are in an early demonstration phase
of single units, largely involving short-duration testing deployments, with only a few prototypes
initiating the first steps towards the commercialization phase.

Sources of Ocean Energy

Tidal Rise &
Fall

Tidal/ocean
Currents

Waves

Salinity
Gradient

Thermal
Gradient

Figure 1 Ocean Energy Technologies

Unlike large wind turbines, there is wide variety of, for example, wave energy technologies,
resulting from the different ways in which energy can be absorbed from the waves, and also
depending on the water depth and the location (shoreline, near-shore, offshore). More than one
hundred technology development projects are at various stages of development. The number
does not seem to be decreasing: new concepts and technologies replace or outnumber those
which are being abandoned.
The pace of development of tidal stream technologies, has been more rapid and the first precommercial arrays are being installed in a number of areas, including Scotland, France and
Canada.
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Figure 2 Examples of Wave Energy Technologies

Figure 3 Examples of Tidal Energy Technologies

JUNE 2015

6

The Future of the Ocean Economy - Ocean Energy Discussion Paper

In the case of OTEC, a number of countries – including India, Japan and Korea- are developing
pilot plants, in collaboration with industrial companies such as DCNS, Lockheed Martine and IHI,
that can utilise the very significant potential in many areas of the world. The Figure below
illustrates the key technology development aspects associated with harnessing this energy
source:

Figure 4 OTEC (Source: Lockheed Martin ICOE 2014)

OTEC can also produce products and applications in areas such as: sea-water air-conditioning,
aquaculture and as an energy source, Hydrogen, Methanol, Ammonia and salts.
Ocean Currents, too, are the subject of active R+D, notably in Japan, where large industrial
corporations are collaborating, under the aegis of the public research agency, NEDO, to deploy
demonstration systems to capture this resource.

Figure 5 Ocean Current Technology Concept (Source: Toshiba and IHI)
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Tidal Range offers a significant energy resource in a number of locations around the world.
Technologies to exploit tidal range power are today the only ones to have reached
commercialization stages, although they also involve high investment costs and considerable
environmental impacts. Only four tidal range power plants exist in the world: two major plants,
one in South Korea (254 MW) and one in France (240 MW), and two smaller plants, one in
Canada (20 MW) and one in China (3.9 MW). This technology could also undergo further
developments as several projects are under development in the UK (Severn tidal) and especially
in South Korea.
There are inherent difficulties in developing wave and tidal energy technologies. The
deployment and operation of complex engineered structure and electrical systems in very
dynamic offshore environments, and the associated high costs, have posed major challenges for
technology developers.
The SI Ocean report - Wave and Tidal Energy Market Deployment Strategy for Europe- identifies
four classes of risk associated with the development of Ocean Energy and proposes a set of
Milestones for the development of the sector to 2050:
1. Financial risk – there is a shortfall in upfront capital investment for technology development and pilot array demonstration, which is compounded by the current lack of longterm clarity on revenue supports.
2. Technology risk – uncertainties relating to survivability, reliability and cost reduction
potential are inherent in all new energy generation technologies, but particularly in those
designed for offshore operations in harsh conditions.
3. Project consenting risk – unknown interactions between devices and marine environments make it challenging for regulators and developers to assess and mitigate potential
impacts.
4. Grid-related risk – the best and most economical resources are frequently not located
near accessible grid infrastructure, creating grave uncertainty over connection dates in
key areas.

Milestone

Priorities

Goals

By 2020

Innovation – TRL progress
Demonstration and testing

Financial close on up to ten pilot arrays
Technology innovation: reduce costs,
increase reliability, increase yields

By 2030

Continued innovation
Supply chain engagement
Accelerating cost reduction:
standardisation and scaling up

Commercial array installations
(30MW+)

By 2050

Rapid cost reduction – volume production
Mass market roll-out

Supply up to 100GW of clean energy

Table 1 Summary of Industry Priorities and Goals – SI Ocean Market Deployment Strategy Priorities and Goals 2014
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On the other hand, the context in which the developing OE sector is functioning is evolving,
experience is growing in the wider offshore energy sector and new capabilities have been
developed that can be utilised in the roll-out of OE devices and arrays of devices.

Figure 6 Evolving context for OE Development (Source: WEB)

2.2 National Initiatives to Develop Ocean Energy
Ocean energy technologies are largely at the prototype testing phase. Despite the recent growth
of installed capacity, the long-term reliability of ocean energy projects is yet to be demonstrated
(with the exception of tidal range energy technologies). Recently, larger companies such as
utilities and manufacturers have become increasingly involved in device development.
Countries are faced with the challenge of achieving energy security, environmental protection
and economic competitiveness. Ocean energy could contribute to these objectives in the medium
to long term, provided that policies, which establish support mechanisms to stimulate market
deployment and intensify RD&D funding are implemented by their governments. Activities, in
these areas are growing, across the world.
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Figure 7 Summary of policies and support schemes available in the OES member countries1

Roadmaps for the development of Ocean Energy have been articulated in a number of countries,
including Ireland, Canada, and the EU. These provide long-term frameworks within which
policies and supporting actions can be rolled out. Currently, OES member countries offer
support for ocean energy RD&D through a varied range of energy policies, mainly:
1) National strategy
2) Regulatory issues and marine spatial planning
1

Ocean Energy - Review of Supporting Policies, OES March 2014; www.ocean-energy-systems.org
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3) Market incentives
4) Sea testing facilities
5) Funding R&D programmes
Regional examples of policies and actions to support the development and utilisation of OE
resource potential are outlined below. This is not intended to be a comprehensive list of
activities by all OES and other countries, involved in developing OE, but, rather is intended to
illustrate the wide range of actors and initiatives that are engaged in the evolution and
development of the sector.

The European Union
The EU has made funding available for actions benefiting ocean energy technologies. For
instance, a joint programme for ocean energy has been set up within the European Energy
Research Alliance (EERA). Member State involvement is being encouraged through a new
European Research Area network (ERA-net) of national and regional research programmes that
has been established specifically for ocean energy. This is intended to support coordination of
research activities, encourage wider cross-border participation in research, identify priorities
and build scale within the EU.
Three ocean energy projects were awarded around €60 million in total under the first round of
the NER300 programme, which will enable the demonstration of arrays from 2016. Some
projects have also been supported through structural funds. The development of ocean energy
has been highlighted in the recent Commission Communication entitled "Action Plan for the
Atlantic Ocean area" which encouraged national and regional governments to consider how they
could use EU structural and investment funds, as well as research funds or European Investment
Bank funding, to support the development of the sector.
The EU has also funded various projects under Research Framework Programmes and the
Intelligent Energy Europe Programme for an amount of up to €90 million since the 1980s.
Horizon 2020, the EU’s new research and innovation programme, will aim to address important
societal challenges including clean energy, which includes calls with specific challenges on Ocean
energy, and marine research.

Ireland
In 2013 the Irish Government set national research priorities and research into Marine
Renewable Energy is one of 13 national priorities
A Prototype Development fund, administered by the Sustainable energy Authority of Ireland
(SEAI), supports industry-led projects for the following types of activities:



Projects to develop and test wave and tidal energy capture devices and systems;
Independent monitoring of projects/technologies;
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R&D aimed at the integration of ocean energy into the electricity market and the national
electricity grid (and network);
Data monitoring, forecasting, communications and control of OE systems;
Specific industry-led research projects which will be carried out by research centres

The Offshore Renewable Energy Development Plan, being implemented through a multi-agency
Offshore Renewable Energy Steering Group, has, among other measures:




Increased exchequer support of €26.3m from 2013 – 2016 for ocean energy research &
demonstration and the build-out and operation of the test facilities.
Established an initial Market Support Tariff of €260MW for early MRE electricity output.
Proposed additional €30m capital grant availability for the prototype development fund
in 2016 – 2018 period for demonstration and array projects

Other initiatives, specifically directed towards Ocean energy development include:






The MaREI centre - €29.5m funding from Science Foundation Ireland and 40+ industry
partners.
IMERC campus and Innovation Hub, aimed at incubating OE and supporting companies
National ocean energy test tank facility in Beaufort
Support from enterprise development to promote new start-ups and attract FDI
companies
Development of Test sites for wave energy – SmartBay, focussed on small-scale
prototypes and supporting ICT and the Atlantic Marine Energy Test Site (AMETS), an
open-ocean full-scale demonstration facility.

The leading Irish electricity utility, ESB, has been awarded €23.5m of EU NER300 funding
towards the construction and operation of Ireland’s first wave energy project, with proposed
delivery in 2018.

Japan
In 2013, a new “Basic Plan on Ocean Policy” for the coming five years was formulated with a
target that the ratio of renewable energies in the primary energy should be increased to 10% by
2020 and that Japanese companies should acquire and maintain the top level shares in the
international markets for energy-relating products and systems, where Japan has advantages
and the markets are expected to expand in the future. The OE aspect of the Plan covers Wave
and OTEC. The plan includes:


Using Japanese high technology to promote systems development and the growth of
domestic industries that have competitiveness in the overseas market
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Developing technology for commercial use of ocean thermal energy conversion (OTEC),
expand the overseas market, maintain the world’s highest technology, promote the
growth of domestic industries and enhance their international competitiveness
Promoting use of ocean thermal energy conversion in Japan fornational energy security,
and to create new domestic industries so that they can grow to produce a low-carbon
society

National public funding sources, include:




NEDO supported by Ministry of Economy, Trade and Industry –Wave, Tidal & Ocean
Current and OTEC (27MillionUS$))
Ministry of Environment – Wave and Tidal Current. (0.55BillionYen (5MillionUS$))
Ministry of Education – Wave and Tidal Current

Ocean Demonstration and Test Sites have been designated for a number of ORE technologies:







Offshore Wind, Wave and Tidal Current ・Kabeshima Area (Saga Pref.)
Tidal Current and Offshore Wind ・Kabashima Area (Nagasaki Pref.)
Offshore Wind ・Hisakajima Area (Nagasaki Pref.)
Tidal Current ・Ejima-Hirashima Area (Nagasaki Pref.)
Tidal Current ・Kumejima Area (Okinawa Pref.)
OTEC

United States of America
The Government, through the U.S. Department of Energy (DOE) Wind and Water Power
Program, has invested considerably in marine and hydrokinetic (MHK) projects, with a strategic
focus on key areas that can achieve cost reduction by 2030. Programme elements include:








Technology Advancement and Demonstration
Develop open source, fully validated MRE codes and collect technology performance,
reliability, and cost data through device demonstrations.
Test Infrastructure and Instrumentation
Provide affordable access to facilities for testing at TRL 5 and above and develop robust
instrumentation and sensors.
Resource Characterization
Classify the U.S. MHK resource, disseminate resource data, and develop numerical
modelling tools to predict loading conditions.
Market Acceleration and Deployment
Support monitoring at deployed devices, develop and test monitoring instrumentation,
and engage with stakeholders and regulators.
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The government is providing grants to competitively-selected companies and institutions active
in ocean energy R&D in the United States – much of which is funded through the DOE Wind &
Water Power Program. DOE has also been funding the development of several testing centers for
wave and tidal current energy.
Total DOE funding for Marine Hydrokinetic Technology was $ 41M in fiscal year 2014 and 2015.
DOE funding for specific areas of research were:




Industry Technology Development to Reduce LCOE – $16 M
Environmental and Resource Characterization Instrumentation - $3.25M
Wave Energy Prize - $6.5M (4.5M in Prize Purse)

Republic of Korea
The national strategy and roadmap for ocean energy development is based on the “RD&D
Strategy 2030 for New and Renewable Energy – Ocean” and the “Development of Activity Plan
on Ocean Energy R&D Programme” from 2009. A preliminary report for the second national
energy master plan was published in the end of 2013, increasing the contribution from
photovoltaic and wind, but lowering the ocean energy contribution. However, the budget and
number of projects for ocean energy RD&D has been growing in Korea in these last 4 years, with
increasing involvement from the private sector.
Estimated ocean energy resources total more than 14,000MW.
Feasible capacity is estimated at:




Tidal Range: Approx. 2,400 MW
Tidal Stream: Approx. 500 MW
Wave: Approx. 650 MW

A Renewables Obligation applies to 13 utility companies with capacity greater than 500MW.
This aims for 3% of total electricity production by renewable energy in 2014 growing to 10% by
2022.
An R&D roadmap, to be released in 2015, by MOF, envisages:









Enhancing infrastructures and accelerating commercial development
Planning open sea testing facilities for wave and current devices
Collaboration with South Pacific islands for OTEC
6 Tidal energy research projects, some involving Hyundai Heavy Industries
7 Wave energy research projects
2 OTEC projects aimed at development of design, manufacture and installation
technologies.
100MW OTEC plant and operation in tropical waters.
Use of combined heat sources of solar, geothermal and incineration and use of mixture of
deep and surface sea waters as heat sink.
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Hybrid OTEC power plant in 2014, combining operations with wood chip gasification
power plant.

China
The 12th Five-Year Plan for Energy Development was promulgated by the Chinese Government
in January 2013, envisioning an increase of the proportion of non-fossil energy consumption by
2015. It is expected that this plan will steadily boost the development and utilization of
renewable energy, including ocean energy. The government has committed to a decrease in
carbon emission per unit of GDP in 2020 by 40-45% relative to 2005.
Ministry of Science and Technology (MOST) are developing a Renewable Energy technology
development strategy (to 2020), including three key missions for MRE:




Design and manufacture of MWs- scale tidal current energy turbine.
Modular design and manufacture of 100 kWs-scale wave energy devices.
Research and demonstration of environment-friendly technology for tidal range energy.

90 projects are underway, with an expenditure of RMB 800 million (US$130M), including:





15 wave converters have been developed and deployed for sea trials.
13 tidal turbines have been developed and are being tested.
3 OTEC projects have been sponsored, with a follow-on mission to research a high
efficiency ammonia-medium turbine, cold seawater pipe (≧φ10m) and heat exchanger.
3 test locations with notable emphasis on hybrid projects, particularly for islands.

There are 6500 islands greater than 500m2 in China, with an urgent need to provide support for
electricity supply including as part of the National Plan for Islands Protection (2011-2020).

Portugal
A National Strategy for the Ocean (NSO), covering the period from 2013 to 2020, was released
by the Portuguese government in March 2013. This presents a strategy for the sustainable
development of economic sectors related with the ocean, aimed at:






Promoting the recovery of the historical Portuguese maritime identity,
Taking advantage of the economic, geo-strategic and geo-political potential of the
maritime territory,
Creating conditions to attract national and international investment in all sectors of the
ocean economy,
Reinforcing scientific and technological capability,
Promoting Portugal as a global maritime nation with a relevant role in the Integrated
Maritime Policy and strategy of the European Union (EU), particularly for the Atlantic
area.
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Ocean energy is referenced in the NSO strategy as a sector that has been developed in Portugal
and for which more incentives should be created regarding the improvement / enlargement of
existing knowledge and engineering skills. The NSO action plan includes the creation of
incentives for the installation of new projects in the pilot zones already designated for OE. This
includes the development of the Ocean Plug – a Portuguese Pilot Zone designated in 2008.
Targets of 80 MW and 250 MW have been estimated for the pre-commercial and commercial
phases.
The Ocean Plug infrastructure will accommodate a grid-connected test site for concept
demonstration and prototype testing. Plans for the test site development (Phase 1 of the facility
development) have been prepared and the infrastructure is planned to inject 12 MW (4x3MW)
into the grid. Other initiatives include:


The OTEO project (Observatorio Tecnologico para as Energias Offshore), an initiative led
by the Institute of Mechanical Engineering and Industrial Management (INEGI), in
partnership with WavEC Offshore Renewables to establish a strategy for Portugal
utilising international knowledge of offshore energy technologies in order to support
technologies and increase the competitiveness and entrepreneurship in this sector.



INEGI is an interface Institution between University and Industry, undertaking Research
and Development, Technology development and Innovation aimed at increasing the
competitiveness of national industry, in the fields of engineering design, materials,
production technology, energy and environment and industrial management.



WavEC Offshore Renewables is a non-profit organization dedicated to the promotion and
development of ocean wave energy, offshore wind and other marine forms of energy
(seaweed and tidal currents, salinity, thermal, etc.) through technical and strategic
support to companies, R&D institutions and public entities.



ENERGYIN - the Competitiveness Cluster for Energy and Technology strives to enhance
the competitiveness of Portuguese companies operating in the Energy sector. The
offshore energies subsector, with the current deployment of conversion technologies, the
development of service providers and associated research activities, provide
opportunities for a massive presence of Portuguese companies in the global markets of
the future.

United Kingdom
The UK has taken a leading position in the development of OE. A recent update of the UK
Renewables Energy Roadmap confirms that commercial wave and tidal stream devices could be
deployed by 2020. Activities include:


A Multi-centre research programme (Supergen) which addresses many fields of OE
Research

JUNE 2015

16

The Future of the Ocean Economy - Ocean Energy Discussion Paper




World-class tank and open-ocean testing facilities
A Wide variety of funding mechanisms across all TRLs

In addition, the UK Government has supported the development of two Marine Energy Parks
(MEPs) - the South West and the Pentland Firth and Orkney Waters Marine Energy Parks.
The Offshore Renewable Energy (ORE) Catapult is the UK's flagship technology innovation and
research centre for offshore wind, wave and tidal energy. ORE have identified a number of
specific technology innovation challenges within the offshore renewable energy industry, the
resolution of which will help drive down the cost of offshore renewable energy, and have a
positive impact on the UK economy. Within the wave and tidal energy sectors, ORE Catapult is
currently seeking to collaborate with organisations (large and small) developing innovative
technologies in the following areas:








Blades
Drive Trains
Electrical Infrastructure
Wind & Ocean conditions
Foundations & substructures
Operations & maintenance
Installation & decommissioning

There are a wide range of funding supports, c£120m in total, from a number of bodies, including:





The Research Councils UK Energy Programme provides funding for basic strategic and
applied research into a wide range of technology areas.
The Technology Strategy Board supports medium-size research and development
projects using technology-specific research calls.
The Energy Technologies Institute is a public-private partnership that invests in
developing full-system solutions to long term energy challenges.
The Carbon Trust offers a wide range of support for low carbon innovation mainly in the
pre-market arena.

Spain
Spain’s OE development activities are concentrated in the Canary Islands and in northern Spain
where the Basque Government approved, in 2011, an Energy Strategy for the Basque Country
2020, which defines actions and targets for ocean energy and a specific initiative to speed up the
development of wave energy.
The Spanish Renewable Energy Plan 2011-2020, approved in November 2011, includes targets
for ocean energy (100 MW by 2020).
Activities underway include:



2 wave test sites, in Gran Canaria and the Basque country
5 wave technologies being tested
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2 Tidal current devices being tested.
An OWC commercial wave farm in operation in northern Spain, incorporated into a
breakwater.

There is a significant level of participation from large engineering and utility companies.
Several national and regional R&D funding programmes, not specific to ocean energy, have been
used to progress ocean energy development. At regional level, the Basque Government, through
its Energy Agency, EVE, launched a funding programme for demonstration of full scale wave
energy converters in 2013. In 2014, EVE announced a tender for pre-commercial public
procurement of a wave energy converter. The object of this tender was the pre-commercial
technology development of a floating wave energy converter suitable for the Basque coast and
that responds to the objectives of the Basque Energy and Industrial strategy. The concept
awarded should demonstrate a prior minimum technology level of a TRL4-TRL5 (having
demonstrated the basic principle of operation, numerical modeling and some tank testing), but
not for higher TRLs (i.e. devices already tested at sea).

The ASEAN Region
For developing countries like those in Southeast Asia, the main driver for renewable energy,
including OE, is the electrification target, especially for rural areas. While the existing energy
mix is predominantly fossil, some countries, e.g the Philippines, Thailand, Indonesia and
Malaysia, have proposed long-term renewable energy targets which are reflected in their
national energy plans and Singapore has flagged its intention to be a research and development
centre for renewable energy in the region. There is a recognition of the fact that Ocean energy
could serve as off-grid solutions to rural communities and that the biggest challenge that
promoters of OE as an energy option face, is existing subsidies to fossil fuel (such as diesel
power). Strategies for adoption of OE are purely based on cost of energy with high TRL &
minimal capital investment.
The ASEAN region has significant OE resources and is developing activities. Some relevant
information includes the following:







Indonesia has a potential tidal energy resource 4.8 GW potential, a wave energy resource
of 1.2 GW and OTEC potential for 43 GW.
Malaysia is looking at OTEC as a potential primary source of ocean renewable energy
The Philippines is investigating a potential tidal energy resource of 35 TWh/yr (40 GW
to 60 GW power potential).
Singapore has a potential ocean energy and 250 MW extractable tidal energy has been
studied and assessed in the Southern islands of the country.
In Vietnam, there is a potential tidal energy resource of c1,753 GWh/yr (barrage) (Pham
2013).
Brunei Darussalam has a potential tidal energy resource of 335 kW and 0.66 GW
theoretical wave energy potential.
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France
France has 11 M km² of EEZ with favourable conditions for MRE wind, tide, current and, in its
overseas territories, thermal gradient.
There is a target of 23% of energy to be generated from renewables by 2020 of which 3,5% is
expected to come from MRE (6 GW). The current portfolio of activities includes:




5 tidal projects
4 wave projects
1 OTEC project

A network of test sites to test wave, floating offshore wind, tidal, hybrid and sub-systems for
MRE technologies are being developed and operated.
Actions are closely integrated with R&D capabilities and programmes undertaken through
France Energies Marine and its members in topic areas including:




subsystems,
new monitoring devices and procedures,
resource characterisation

A simplified consenting regime is in place which covering deployment of technologies and
decommissioning for the test site legal entities. There is significant involvement in OE
development from leading utilities and engineering companies. For example, DCNS aims to
generate one-third of its revenue in the energy sector by the end of the decade. In parallel to its
naval defence activities, in France and internationally, the Group intends to develop marine
renewable energy markets offshore floating wind turbines, where it has developed Winflo
technology, tidal turbines, where it is the majority shareholder of the Irish company OpenHydro,
and ocean thermal energy conversion where it has installed a land-based OTEC prototype on
Reunion Island in 2011. For wave-energy conversion systems, DCNS is currently evaluating
several technologies.
The first phase of two significant tidal energy-array projects are planned for initiation in 2015,
off the Normandy coast, one led by DCNS and the other by GDF-Suez.
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3. Potential of the Ocean Energy Industry
3.1 Ocean Energy Resource Potential
The activities outlined above are being undertaken in the context of the significant resource
potential of Ocean Energy. Ocean Energy is the harnessing of energy from the following sources:


Waves, derived from the transfer of the kinetic energy of the wind to the upper surface
of the ocean - The worldwide theoretical potential of wave power has been calculated as
29,500 TWh / year.

Figure 8 Global Wave Resource



Tidal Range (tidal rise and fall), derived from the gravitational forces of the Earth-MoonSun system; - The worldwide theoretical power of tidal power (including tidal currents)
has been estimated at around 7,800 TWh / year.

Figure 9 Global Tidal Range
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Tidal Currents, water flow resulting from the filling and emptying of coastal regions as
a result of the tidal rise and fall.

Figure 10 Global High-energy Tidal Current locations (Source: Open Hydro)



Ocean Currents, are derived from wind-driven and thermohaline ocean circulation.



Ocean Thermal Energy Conversion (OTEC), derived from temperature differences
between solar energy stored as heat in upper ocean layers and colder seawater, generally
below 1,000 m. The worldwide theoretical potential of ocean thermal power conversion
has been conservatively estimated at 44,000 TWh / year.

Figure 11 Temperature gradients indicating areas with potential for OTEC (Source: OES)
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Salinity Gradients, derived from salinity differences between fresh and ocean water at
river mouths. The worldwide theoretical potential for osmotic power has been estimated
at 1,650 TWh / year.

Figure 12 Ocean Salinity Gradient

As with many forms of renewable energy, ORE is a variable source and this must be taken into
consideration when assessing its availability. There are, however, significant advantages to be
gained from harnessing OE resources. Energy derived from tidal currents and salinity gradients
is entirely predictable, while comparisons of wave with wind energy reveal that:




hourly-average wave energy varies at about one third the speed of hourly-average wind
energy;
a wave forecast for 36 hours is nearly as accurate as a wind forecast for 12 hours;
the incidence of low values of extractable energy is much less for wave energy than it is
for wind.

This gives a higher degree of certainty and consistency for wave energy compared with wind.

3.2 Ocean Energy Economic Potential
The ocean energy sector has the potential to make an important contribution to long-term
decarbonisation and growth and jobs agendas. Apart from its potential to supply renewable
electricity, Ocean Energy has the potential to create new jobs in a range of activities including
project development, component and system manufacturing, and operations. For example,
indicative job estimates, from the EU Impact Assessment, estimate that 10,500-26,500
permanent jobs and up to 14,000 temporary jobs could be created in the EU by 2035. Other,
more optimistic sources estimate 20,000 jobs by 2035 in the UK, and 18,000 in France by 2020.
A substantial proportion of these employment opportunities, in Europe, will arise in the Atlantic
coastal areas, which currently suffer from high unemployment.
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However, experience with early large-scale prototype construction, show that widely
distributed industries are involved in the supply-chain for components. The ocean energy supply
chains are pan-European. Examples include the manufacture of tidal turbines, hydro-turbines
and steel spare parts for power plants in Austria, wave power plants and generators in Germany
and wave power attenuators and over-topping devices in Denmark. This is the reason why large
engineering conglomerates are actively involved in many of the large-scale prototype projects
being undertaken internationally. They see the development of this sector as providing
significant opportunities to grow markets, utilising their core industrial capabilities.
OE Technology Roadmaps show a wide range of economic opportunities arising from the
development of OE. UK studies estimate that the worldwide tradeable market for marine energy
devices, accessible to UK based business, will up to £340 billion, peaking at £29 billion per year,
An innovation-driven transition to a low carbon economy offers opportunities for growth and
jobs. New business sectors, new business models and new job profiles will emerge.
Technological leadership must be followed by the development of industrial production
capabilities or technology supply chains. This requires bringing together research, industry, the
financing sector and public authorities. However, although technology refinement will occur, the
path to technological convergence will likely be substantially slower.
The key challenges in the process of making OE a commercially viable sector are technical,
commercial and political:


Technically the machines have to perform reliably and give the performance
required/expected;



Commercially, wave and tidal projects compete for investment with other power
generating sources. With a need for in excess of £200bn investment in the electricity
sector as a whole, over the next decade or so, there is already a squeeze on available
capital from utilities, whose outlook is international. Initial wave and tidal projects are
small-scale, compared to other more established technologies, and there are evident
difficulties in establishing the technical, financial and corporate consortia that are
necessary, despite the longer term strategic imperatives;



Politically, the geopolitical situation, concerning the energy sector, creates significant
uncertainty about the future investment horizon. This is particularly relevant to marine
energy, where first- phase projects, initiated under the current system, will not be fully
built- out until there is greater clarity about the features of the energy environment.
There is evidence that this is affecting the rationale for making first phase investments,
including the uncertainties about support levels that will be in place.
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4. Developing the Potential of the Ocean Energy Sector
4.1 Policy
Policy support for ocean energy, internationally, exists in a variety of forms, the six main
categories being (1) capacity and generation targets, (2) capital grants and financial services, (3)
market incentives, (4) industry development, (5) research and testing facilities and
infrastructure and (6) permitting/space/resource allocation regimes.
Due to the current economic downturn, several governments have substantially scaled back
revenue support for renewables. Such developments can erode investors' confidence and
undermine further development of the sector. A long-term political commitment by
governments is decisive to helping emerging technologies successfully compete in the market.
Europe has taken a leading position in developing Ocean Energy and recent Reports summarise
many of the policy issues facing Ocean Energy, and are illustrative of the challenges and
approaches being taken internationally. Based on extensive stakeholder, industry and Member
State input, the EU Commission believes there is scope to bring the various policy strands
together into a sector-specific initiative on ocean energy at EU-level.
The primary aim of the ocean energy initiative, proposed by the EU Commission, is to tackle the
barriers constraining the growth of the sector in a coordinated manner, by bringing the main
stakeholders, i.e., Member States, the industry and the Commission, together. This consolidation
process is evident in Europe where, for example, the European Ocean Energy Association (EU
OEA), which is an industry association a wide variety of members, including industrials such as
Alstom, Statkraft, DCNS, EDF, GDF Suez and Rexroth, is taking a leading role in co-ordinating
efforts. In addition, a Member States' Ocean Energy Interest Group, comprising the UK, Spain,
Ireland, Denmark, France, Belgium, the Netherlands, Portugal and Sweden collaborates with the
EU-OEA. Furthermore, efforts to foster consolidated and joint Member State activities and to
move to larger projects are being made e.g., through an ERA-NET (European Research Area
Network) on ocean energy, the operational objective of which, over the short to medium term,
is to consolidate R&D activities to enable cost reductions, improve the efficiency of planning and
licensing procedures, enhance synergies with other industries, such as offshore wind, including
on grid planning matters, and assist with monitoring of environmental impacts as well as the
application of environmental protection legislation.
There is a broad agreement, in the literature as well as among the stakeholders, that marketpush (e.g. grant support), as well as market pull (i.e. revenue support) policies, are needed at
this stage of the industry’s development.
The transition towards a more secure and sustainable energy system will require major
investments in generation, networks and energy efficiency, estimated at some € 200 billion
annually in the next decade. While the private sector will bear the costs of much of these
investments, access to financing will be key. Today, the European Investment Bank, the
Connecting Europe Facility and financing under the European Structural and Investment Funds
already provide the means. Moreover, the proposed European Fund for Strategic Investments
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will provide additional support, hence, further facilitating access to finance for projects of
European significance such as in energy networks, renewable energy and energy efficiency. The
Commission is exploring proposals for energy investment regimes that pool resources to finance
economically viable investments, avoiding market distortion and fragmentation.
There are major policy challenges in creating the framework within which the investments
necessary to progress OE can be made. To integrate renewable production progressively and
efficiently into a market that promotes competitive renewables and drives innovation, energy
markets and grids have to be fit for renewables. Existing legislation and new market rules need
to be fully implemented, enabling the roll-out of new technologies for an efficient energy
transition.
To move away from an economy driven by fossil fuels, an economy where energy is based on a
centralised, supply-side approach and which relies on old technologies and outdated business
models requires moving away from a fragmented system characterised by uncoordinated
national policies, market barriers and energy-isolated areas. This challenge is the basis for the
recent Communication from the EU Commission on the development of an Energy Union within
Europe. Features of the evolution of policy in Europe are evident in other regions of the world,
with variations that derive from different perspectives on the drivers for Ocean Energy and the
business models that can be applied.

4.2 Technology Development
The commercialisation of the ocean energy sector will require additional technological
advancement, as well as further improvements in grid connections and other offshore supply
chain infrastructure. Improving the affordability, reliability, survivability, operability and
stability of ocean energy devices is essential. There is already some consensus on the priority
areas of technology research including, for example, the need for better mooring systems and
new materials. Other issues related to grid technology, energy output forecasting and storage
technologies, which are common to other renewable energy technologies, will also need to be
explored, with the outcomes effectively transmitted to relevant actors, such as regulatory
authorities and transmission system operators.
Possibilities for collaborative working are also being identified, in order to use resources more
efficiently and to facilitate technological convergence. This is the prime factor behind the
collaborative work between the countries that participate in the IEA Implementing Agreement
for Ocean Energy – the OES. The move towards collaborative working is also apparent in the
evolving policies of the European Union. In Europe, an Ocean Energy Forum has been
established, bringing together stakeholders in a series of workshops in order to develop a shared
understanding of the problems associated with OE development and to collectively devise
workable solutions. It will be instrumental in building capacity and critical mass as well as
fostering cooperation through the involvement of a wide range of stakeholders. The forum will
also explore the synergies with other marine industries, particularly offshore wind, in matters

JUNE 2015

25

The Future of the Ocean Economy - Ocean Energy Discussion Paper

relating to supply chains, grid connection, operations and maintenance, logistics and spatial
planning.
The size of the market for offshore renewable energies will depend on the availability of offshore
energy resources and the maturity of the technology in terms of reliability, efficiency and ability
to overcome technical constraints. It will also depend on the evolution of energy demand, access
to the grid to reach the consumption centres, the competing uses of the sea and, of course, the
competitiveness of offshore energy projects against alternative energy options, taking into
account, not only the cost of energy but also environmental and social aspects.
Some of the challenges faced by the ocean energy sector are similar to those for offshore wind,
particularly grid connection issues, supply chain developments and operation and maintenance
under harsh weather conditions. However, ocean energy is now at a critical stage. Moving from
prototype demonstration to commercialisation has always been difficult for emerging
technologies. In the current economic climate, it is a particular challenge. Like other renewable
energies, ocean energy will benefit from a clear, stable and supportive policy framework to
attract investment and develop to its potential, as discussed above.
Another factor which complicates progress, and access to finance, is the fact that the industry is
characterised by a diverse range of technologies. While a certain degree of variety is desirable,
as it allows for the exploitation of diverse resources in different locations, the complexity of the
technological landscape leads to a dilution of R&D efforts, which slows down the progress
toward capital cost reduction for the sector as a whole.
In respect to wave technologies, the structure, PTO system and operations and maintenance
have been identified as the cost centres with the greatest potential for cost reduction. Enabling
technologies, such as retrieval systems (for floating) or simple intervention techniques (for
seabed-fixed devices), have also been identified. In the short-term, there is scope for increased
energy capture, with little extra cost, via improved controls or tuning designs for specific
resource characteristics. Further down the line, step-change innovations, such as novel PTO
systems, are highlighted as future disruptive technologies which will have a significant effect on
the cost of energy from wave arrays.
Promising collaborations, aimed at developing standardised, and therefore lower cost systems,
are evident. For example, leading wave energy firms in the UK have joined a new project which
aims to overcome the challenge of generating electricity cost-effectively and reliably at sea. They
will work with German engineering firm Bosch Rexroth on a standardised offshore generator for
the industry. Consortium partners include project founders Aquamarine Power and Bosch
Rexroth, along with wave technology developers Albatern, Carnegie Wave Energy UK and M4
WavePower.
An example of activities designed to drive down the cost of OE Research, is a project led by the
European Marine Energy Centre in Scotland, which has revealed that smaller, cheaper vessels
can carry out many of the tasks currently given to larger, more expensive ships, leading to
reduced installation and O&M costs. The tidal industry could significantly reduce installation and
operations and maintenance costs by working with smaller vessels, the study has found. Tidal
developers could save between 70% and 80% of installation costs by using a gantry barge and
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other local vessels instead of a dynamically positioned offshore construction ship of the kind
frequently used until now. Renewable UK, has suggested that a transition to vessels that are not
so sought-after by the oil and gas industry could shave up to two-thirds of daily chartering costs.
There an important role for established industries – shipbuilding and marine engineering,
offshore oil and gas and offshore wind - in developing OE. This is apparent in current
developments taking place in a number of jurisdictions. In several Asian countries, e.g. Japan and
Korea, significant partnerships are active between public agencies and consortia of large
offshore and heavy engineering industries. In France the consortia that have been chosen to
construct tidal array projects in the Cotentin, an area which represents one of the best tidal
resources in the world, include large industrial groups, GDF SUEZ/Alstom and EDF/DCNS/Open
Hydro. In Scotland, the supply chain partners in the MayGen tidal array project include
experienced industrial partners, such as ABB, Andritz Hydro Hammerfest, Global Energy Group
and James Fisher PLC. An example of the role that a utility can play, in developing OE is illustrated
in the case of EDF, which sees itself providing:





Assistance in the selection of the best locations for experimental/pilot plants.
A contribution in the selection and improvement of the most promising technologies.
Support in the development of operational pilot projects.
A contribution in the elaboration of the development of the industrial strategy in the
French « Marine Energies » strategy for 2020.

Optimising the design of critical sub-systems will help minimise the impact of unplanned maintenance events. These sub-systems include:







Foundations and moorings
Support structures
Power take-off systems (PTOs)
Power electronics
Control systems
Sensors

The industry requires marinised electrical systems for devices which are ready for pilot arrays,
including:





Array electrical systems
Sub-sea electrical systems allowing the interconnection of multiple devices to reduce cost
Sub-sea umbilicals and wet-mate MV connectors
Array interaction analysis /modelling

4.3 Marine Spatial Planning
Ocean energy devices tend to be entirely or partially submerged and therefore have a low visual
impact. As the scope for expansion of land-based renewable energy generation becomes
constrained, the marine space offers a potential solution to public acceptance issues related to

JUNE 2015

27

The Future of the Ocean Economy - Ocean Energy Discussion Paper

visual impact, which already hinder renewable energy developments on land in many
jurisdictions.
Many of the environmental impacts of ocean energy installations, particularly when deployed at
scale, are not fully understood at this stage. More research and a better exchange of information
on the environmental impacts will be required to understand and mitigate any adverse effects
ocean energy installations may have on marine ecosystems. In Europe, cumulative impacts with
other human activities need to be assessed in the context of achieving good environmental status
under the Marine Strategy Framework Directive and good ecological status under the Water
Framework Directive. The integration of ocean energy into national maritime spatial plans is
also important for addressing maritime safety concerns.
Environmental Impact Assessments are key to ensure the sustainable development of this
emerging industry. Collecting baseline environmental data, however, places a major burden on
individual project developers, relative to the size of single projects. A number of international
initiatives, e.g the Tethys system, developed in the US as part of collaborative work within the
framework of the OES, encourage collaborative working on the monitoring of the environmental
impacts of existing and planned installations and on innovative ways of mitigating the impact of
ocean energy on the marine environment. The data on environmental impacts and monitoring
need to be fed into national authorities as a matter of routine, under such regulatory mechanisms
as the EU Water Framework Directive and Marine Strategy Framework Directives purposes.
Long lead- times, caused by lengthy permitting and licensing procedures, as well as the difficulty
in accessing finance, are major challenges for the sector. In Europe, work is underway to examine
the administrative procedures relevant to ocean energy installations in Member States, and the
effects that ocean energy installations may have on shipping. These administrative and safety
issues need to be reviewed collaboratively between Member State authorities and industry,
internationally, in order to lead to a common understanding of the challenges, and how to tackle
them. The information will feed in to the compilation of a body of knowledge about best practice,
based on case studies.
There is a is a consensus in all administrations that it is necessary to allow for integration of
wave and tidal energy in long-term planning and with existing ocean users and to streamline
and accelerate the consenting processes by removing excessive administrative and cost burdens.

4.4 Costs
Current estimates of the cost of electricity from OE are in the range 40euroc/kWh. While this
seems expensive, history shows that new energy technology takes time to become
economic. Indeed, marine consensus in all administrations that it is necessary to allow for
integration of wave and tidal energy in long-term planning and with existing ocean users and to
streamline and accelerate the consenting processes by removing excessive administrative and
cost burdensenergy is already quite competitive, compared to where other energy sources were
at similar stages of development. Experience with other generating technologies shows that
costs fall sharply, due to greater efficiencies in scale and technological advancements. Gas
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turbines could only be used economically for electricity generation after several decades of
investment in the marine, defence and aerospace sectors. More recently, the cost of generating
from wind and solar energy has fallen by around 80% since the mid-eighties. The fact that the
‘opening costs’ of marine energy are lower than many of these preceding energy technologies
puts this sector in a very good position to be competitive in the longer term.
The EU, using studies undertaken by Ecorys, shows that in 2035 the cost of electricity generated
from wave and tidal sources will still be above the electricity costs generated from fossil fuels
but there is a converging tendency.

Figure 13 LCOE estimates for Wave Energy (Ecorys based on JRC; 2013)

A more recent study – ‘An analysis of the development pathway and Levelised Cost Of Energy
trajectories of wave, tidal and OTEC technologies’, commissioned by OES show that, in the long term,
after more than 10 GW of capacity are deployed, wave energy could reach 100-150 $/MWh, or even
lower in the more optimistic estimates.
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Figure 14 Possible learning curve trends for the wave energy sector obtained from developer responses.
Learning curves from SI Ocean report are also plotted. Blue diamonds represent developer data points. (OES)

Figure 15 LCOE estimates for Tidal Energy (Ecorys based on JRC; 2013)
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The OES study on LCOE suggests that the LCOE of tidal stream energy would reach cost
competitiveness with the current costs of offshore wind (approximately 240 $/MWh) within 1250 MW
of cumulative deployment. Further cost reduction would be expected with continued deployment
Whilst individual technologies offer different cost reduction and learning opportunities, the analysis
presented here represents a less optimistic learning rate than has been associated with other European
projects.

Figure 16 Possible learning rate trends for the tidal energy sector (OES)

A general comment is that a redefinition of the electricity cost calculation, from the most
prominently used Levelised Cost of Electricity (LCoE), to Society’s Cost of Electricity (SCoE),
would mean that additional factors, not normally accounted for, are included, thereby giving a
more complete picture on the cost-benefit of energy. These additional factors include subsidies,
grid access costs, variability costs, social costs, economic benefits and geopolitical impact.
Without intensive innovation efforts from governments and industry, it is likely that even
offshore wind, for example, could take many more years to be competitive, based on
conventional economic calculations. With collaborative initiatives, like the UK’s Carbon Trust
Offshore Wind Accelerator (OWA), this timeframe can be shortened. This applies also to Ocean
Energy.
The sector faces a common misconception, in many countries, that, because marine energy costs
seem so high today, Ocean Energy might never be economic, because the cost reduction required
to compete with other sources is too great. It is, however, much easier to drive down the cost of
energy that has only been produced in prototype volumes, than is the case for technology where
thousands of units have been deployed. The cost reduction required on the headline c/kWh
figure for OE, that is necessary to support investment in projects, will arise from:
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reductions in device cost as a result of design improvements, continued innovation and
volume manufacturing:



energy capture efficiencies arising from increased experience, improved reliability,
better operational control and better operation and maintenance;



economies of scale associated with project scale (e.g. 2-3MW -> 10MW -> 50MW >100MW -> 1000MW) – affecting both capital costs and operational costs – with the ‘fixed
costs‘ per project becoming progressively smaller. These fixed costs include elements
such as:
1.
2.
3.
4.
5.
6.
7.

the submarine cable to export the electricity;
transformers, switchgear and substation to connect to the grid;
monitoring equipment;
the costs of project development, licensing, legal work and environmental scoping;
project management;
the establishment of an O&M base for maintenance crews;
dedicated vessels.

An example of the anticipated lowering of costs associated with growing levels of experience and
scale is illustrated in the Japanese Roadmap for Ocean Energy.

Enlightening Japanese
enterprises and
reinforcing
international
competitiveness
Plant size
Generation costs

2015
Verification tests on a
1 MW plant

2020
• Starting operation of a
plant for commercial
use
• Promoting installation
in Japan

2030
• Increasing plant output
• Increasing global market
share

Up to 1 MW

Up to 10 MW

Up to 50 MW

About 40 - 60 yen/kWh

About 15 - 25 yen/kWh

About 8 - 13 yen/kWh

Table 2 Japanese Roadmap for Ocean Energy (Source: NEDO July 2010)

Whilst costs will increase for larger projects, the relationship does not scale linearly – and is part
of the reason that all power stations tend to be large in order to gain economies of scale. For
example, building a small scale 5 or 10MW nuclear or gas fired power station (or offshore wind,
wave or tidal farm) would be uneconomic, for the same reasons. For marine projects, the issue
is magnified not only due to the fact that first projects are small in scale but also by the need to
be offshore, which makes the barrier to entry higher than for land- based projects.
Cost of energy savings of 35% have been demonstrated through an innovative installation and
recovery process for a leading wave energy device, by reducing lifetime operation and
maintenance costs, and increasing device availability. Significant cost of energy improvements
have also been identified in component technologies. For example, in the case of tidal energy, a
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better understanding of service conditions and the behaviour of carbon fibre tidal blades has
resulted in a more optimised design, reducing the need for costly over-engineering.
The estimated first- farm costs of wave energy are currently higher than those for tidal energy.
There is significantly more uncertainty around the costs of wave energy devices. This is largely
because the energy capture concepts behind wave devices are less well understood, making
them more difficult to model than the axial-flow turbines that are the basis of most leading tidal
devices. It is probable, however, that the power capture of wave devices will increase with the
scale of the devices, leading to the potential for a levelised cost of energy (LCOE) as low as tidal
stream, in the long-term.
The high baseline cost of wave energy also suggests that wave project developers will need to go
relatively far offshore, to high energy locations, to generate competitively priced electricity. This
will require particular focus on reducing the cost of cabling and connection to the national grid,
by simplifying procedures and/or by using lighter weight moorings or foundations, facilitating
the installation of devices in deep water.
Other cost reduction drivers, as the technology continues to be proven, by project deployment,
in an expanding market, include:
1. Cost of capital becoming cheaper over time as perceived risk falls;
2. Debt becoming available, reducing the c/kWh required to get the same equity
return for an investor;
3. Insurance costs falling due to competition and experience.
Electricity generation cost figures only really make sense in the context of array- scale projects
(that have yet to be built) so, for almost all OE technologies, it is too early to have definitive
data. However, it is anticipated that dramatic improvements in build costs, installation methods,
generation performance and operations and maintenance methods will all have a significant
impact on future generating costs.
In the case of wave and tidal energy, it is not yet possible to talk about the actual cost of energy,
as the technology is not ready to produce consistently. Currently, it is only possible to estimate
the expected LCOE of the first arrays, with greater clarity being achieved once they are able to
produce with high availability, when estimates of their design lifetime are more accurate and
when O&M costs are better understood.
As stated earlier, wave power plant is much less variable than that of wind plant, and can be
forecasted with greater accuracy, while output from tidal plant may be predicted accurately
years in advance and OTEC and Tidal Range can function as base-load. The increased
predictability of a diversified renewables mix, combined with a reduction in maximum hourly
changes in output, should reduce the requirement for reserve on the part of system operators
by diversifying the renewables mix. All variable renewables plant should benefit since, with a
less variable profile of renewables output, there should be fewer periods with low or negative
prices. This should increase the wholesale revenues that each plant can earn and, in turn, reduce
the levels of subsidy required for renewable generation. Annual cost savings from a diversified
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renewables mix could be very significant, as much as 3.3% of the annual wholesale cost of
electricity. This suggests that marine technologies can complement wind, increasing the cost
effectiveness of variable renewables, and ultimately expanding the potential share for
renewables in the overall generation mix.
Continued public sector support for research, innovation and demonstration coupled with commitment from industry will create a virtuous circle, in which increased reliability and cost
reductions trigger further investment. In the medium term, cost reduction will mean moving to
standardised devices and components, integrating the supply chain and mass-producing devices
at volume. However, this depends on a market being created. While the first pilot arrays will
need large capital grants combined with revenue support, the industry will require clear and
stable revenue support schemes to help it achieve significant economies of scale.
In the case of islands, where energy costs are already very high, due to the need to import fossil
fuel for generation in relatively small-scale plants, ORE already has the potential to be
competitive in the near-term.
In summary, activities in the next few years will aim to:




Accelerate technology innovation with a view to reducing costs, improving reliability and
increasing yield, via research and design as well as deployment
Deliver medium-term cost reductions through economies of scale by investing in
development, innovation and demonstration of pilot arrays today
Involve the supply chain and incentivise its innovation potential

4.5 Finance
In respect to finance, given the novelty and the complexity of the technologies, investors are
unaware of the opportunities that this industry offers. In Europe, the EU Forum is planning to
involve national authorities, development banks, private financiers and project developers to
discuss how best to trigger the necessary investments. The suitability of different risk-sharing
mechanisms such as soft-loans, co-investment and public guarantees will also be assessed. The
funding opportunities available within EU research and innovation programmes such as Horizon
2020, the NER300 programme and the European Investment Bank's renewable energy funding
programme will be specifically highlighted.
Given the early stage of development of ocean energy technologies, and given that a full scale
grid-connected prototype requires at least €15 - 25 million investment, finance is a major
problem that is beyond most start-up businesses, particularly for the historical business model
in most western countries. The experience in western countries, to date, of inventor-led startups, combined with the nature of funding, means there has been little collaboration between
device developers and technologies have been developed without gaining from the experience
of devices at later stages Building large-scale public-private partnerships is the most effective
means of sharing risk and leveraging private investment. The EU has proposed the establishment
of a European Industrial Initiative, or other appropriate form of public-private partnership, as
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an important stepping-stone on the path to a full industrial roll-out. This will help in formalising
cooperation between stakeholders, and facilitating access to finance.
To date, investment in marine energy technology companies has been dominated by equity
investments by venture capital and angel investors and, at a later stage, industrials (including
future supply chain companies and electricity utilities). In the recent economic downturn, a
realisation of technology risk and the long time- to- market of early-stage devices has led to
reduced venture capital and private investment in the sector. In the UK, public funding has
increased to fill the gap somewhat, via initiatives such as the Marine Renewables Proving Fund,
the WATERS fund in Scotland and initiatives by the Technology Strategy Board and the Energy
Technologies Institute. There has been a shift away from reliance on VC money to fund the early
stage of the industry, with major industrial companies and utilities taking equity stakes.
Wave and tidal energy companies need a suitably large and consistent pipeline of future projects
to justify continued investment. They must see sustained commitment from governments to
long-term stable mechanisms to support wave and tidal energy technologies, including technology push (capital grants) and market pull (market incentives, such as revenue support).
Technology risk can be minimised by improving reliability and by reducing the Levelised Cost of
Energy (LCOE). LCOE can be reduced via a combination of cutting capital costs and improving
yield, firstly at the level of the single device, then in array formation. This will require
technology push, in the form of grants and capital investment in technology development, and
market pull, in the form of revenue support for scaling up deployments.
Capital support is required for continued technology development at the research and design
stage and for onshore and offshore testing and real-sea deployment of prototypes and pilot
arrays. This twin-track ‘develop-and-deploy’ approach will drive both innovation and early
economies of scale. In addition to the inherent challenges in developing OE, additional difficulties
arise from features of the current landscape which include:





A single technology solution approach
A prioritisation of defending patents
Slowly developing technologies
National competition

Unlocking financial investment in the sector will require a move towards a landscape
characterised, in contrast, by:


Interoperability Solutions



Capability providers from other sectors



Integrated solutions



Standardization, and Open‐source technology



Rapid technological evolution (driven by commercial entities)



Multinational cooperation / interoperability
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Recent developments in the UK, in particular in respect to wave technology illustrate the move
towards this approach. Wave Energy Scotland (WES) has been established, inter alia, to:




Avoid duplication in funding, encourage collaboration between companies and research
institutes and foster greater standardisation across the industry;
Ensure value for money from public sector investment; and
Promote greater confidence in the technical performance of wave energy systems in
order to encourage the return of private sector investment.

In supporting wave energy technology development, Wave Energy Scotland will focus
particularly on optimising subsystems within devices and supporting risk reduction in highcriticality component development and innovation. Through WES, the public sector will fund a
series of procurement calls, aimed at encouraging collaboration between device developers,
researchers and large engineering firms. Projects must aim to develop new knowledge that is
useful to the wider wave sector and there must be wide dissemination of research results on a
non-exclusive and non-discriminatory basis. Funding programmes in other countries are also
adopting similar features.
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5. Synergies with other sectors
Apart from building supply chains, which will not necessarily be limited to the coastal regions specialised manufacturing including turbines, foundations, spare parts etc. can take place
further inland, including in industrialised countries which do not necessarily have a high, or any,
ocean energy resource potential - future development of the wave and tidal energy sectors will
be linked with developments in other sectors, such as offshore wind energy, oil and gas, and
hydropower. There are significant opportunities for co-location of technologies, e.g., for wave,
tidal and offshore wind energy, and for utilizing common platforms. Mutual learning processes,
shared infrastructure, and innovations from a shared supply chain will be of benefit to the future
expansion of both the ocean energy sector and related sectors. Research carried out by the SI
Ocean consortium partner JRC indicates that offshore wind and wave and tidal projects could
have component and project synergies of up to 40%. Industry cooperation initiatives can also
pave the way for increased cross-supply chain cooperation and knowledge sharing with other
marine sectors.
There are a series of drivers that will see greater economic and social activities further offshore.
As pressures grow in crowded near-shore areas, activities aimed at the provision of energy
conversion, minerals, biomass and food will increase in offshore areas. Offshore Multi-use
Platforms, in which a mixture of different sectors and specific functions can be performed in a
shared location, with shared infrastructure (and costs), are being investigated and could prove
to be an important opportunity for improved utilisation of the oceans, as well as sustainable
economic growth.
In this context, the European Union’s Framework Programme for research launched an “Ocean
of Tomorrow” call, for proposals for multi-use offshore platforms. Under this topic, the
Commission funded three projects dedicated to the design of multi-use offshore Platforms–
H2OCEAN, MERMAID and TROPOS. The TROPOS project approach consists in the development
of a multi-use platform system integrating a range of activities from the transport, energy,
aquaculture and leisure sectors, which will help to overcome challenges in each of these sectors,
primarily, among other benefits, the shared use of a common infrastructure. Where transit times
to port are high, and developers need to go far offshore to access good resources, the focus on
reducing planned and unplanned maintenance interventions will be even more important.
Concept designs for the platforms that will enable large-scale multi-industry activities in
offshore conditions are illustrated in next page.
Innovations from a wide range of industry sectors will facilitate the move to offshore generation
from marine renewables. IBM, for example, recently announced an advanced power and weather
modelling technology that will help utilities increase the reliability of renewable energy
resources. The system combines weather prediction and analytics to forecast the availability of
wind power and solar energy. This will enable utilities to integrate more renewable energy into
the power grid, helping to reduce carbon emissions while improving clean energy output.
Clearly, these innovations will also enhance the effectiveness of wave energy generation.
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Similarly, in an entirely different industry sector, Trelleborg’s (a large rubber and composites
enterprise) offshore unit is supplying a range of cable protection products for phase two of the
offshore wind farm Fukushima FORWARD project, led by the Japanese Ministry of Economy,
Trade and Industry. They are also working with wave device developers to trial novel
elastomeric moorings that can significantly enhance device survivability and operational
effectiveness.

Figure 17 Concepts for combined MRE and Aquaculture systems (Source: Fernando Montecruz for the TROPOS Project)
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6. Summary
There are multiple scenarios for the future development and maturity of OE in strategy
documents across the globe. A synthesis of these leads to a more realistic timeline, which sees
commercial projects being deployed from 2025, as summarised by SI Ocean (Table 1 above)
Key features of the OE sector are as follows:


Many Prototypes are being testing by leading technology developers and there is a
significant international R+D agenda focused on design innovation and efficiency.



The most immediate challenge is to prove the reliability and power output of wave and
tidal technologies.



New Business models are needed to address the technology, risk and financial challenges
entailed.
There is a need to focus on enabling technologies - tools that help to deploy, operate and
maintain a marine energy farm.



In western economies, the current ‘landscape’ for OE development exhibits elements of the
following features:





A single technology solution approach
A tendency to prioritise patents protection
Slowly developing technologies
National competition

There is a growing consensus that features of the future ‘landscape’ should include:







Interoperability Solutions
Involvement of capability providers from other sectors
Integrated solutions
Standardization, and open‐source technology
Rapid technological evolution (driven by commercial entities)
Multinational cooperation / interoperability

The 2020 global installed capacity may only be small worldwide, particularly for wave energy,
unless a technical breakthrough is achieved, but the market scale could rapidly increase to the
GW level.
It is clear that support systems must fit the technology. This will require:



Provision of a stable feed-in/ROC with long-term visibility
Immunity to political changes

In parallel, a mix of accompanying policies are required, including:
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Grids/infrastructure support
A stable & high price of CO2
Full market liberalisation

Significantly, some key industrial players, including electricity utilities and equipment
manufacturers, are developing in-house technologies, while others have bought into existing
marine energy technology. The investments by industrials are made for learning purposes, and
with the expectation of a return in due course. The involvement of these key industry players,
and the associated injection of significant funding, is an encouraging sign for the marine energy
industry. For the technology developers these investors are attractive since they have a longer
term view than typical venture capital investors and can bring engineering expertise and
credibility to the technology development companies.
Key actors in the sector – device developers, project developers, component manufacturers,
investors and government bodies – need to engage with technologies and with each other over
the coming years and there are indications that this is happening in countries with an active role
in OE development.
Finally, it is worth restating that Ocean Energy development is taking place because there is an
urgent need to replace fossil fuel as a source of electricity generation, the oceans contain a
massive source of potential energy, and that the development and deployment of the
technologies associated with OE, will support and synergise with wider moves to harness and
protect ocean resources.
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Acronyms
OE

Ocean Energy

MRE

Marine Renewable Energy

OES

Ocean Energy Systems

OTEC

Ocean Thermal Energy Conversion

ORE

Ocean Renewable Energy

LCOE

Levelised Cost of Energy

TRL

Technology Readiness Level
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