Paper presented at the Eurocean 2004 Conference in Galway (Ireland), 10 –13 May 2004
 “Natural and anthropogenic impacts in coastal ecosystems”
The Ocean: an inexhaustible renewable energy source?
M. Teresa Pontes 

INETI, Lisbon, Portugal 

Tel: +351 21 7127201, Fax: +351 21 7127195

E-mail:teresa.pontes@ineti.pt


Summary

In the last ten years the European Commission has provided a valuable contribution to the faster development of technologies to harness wave energy and marine currents energy. It has been found that about 200 TWh/y of electrical energy might be produced from these two renewable sources. These technologies are at a pre-commercial stage with several prototypes of wave energy and of marine currents being tested in the sea, and plans for construction of other prototypes exist. The diversity of systems still being developed indicates that a convergence for a winning technology has not occurred yet thus significant R&D effort is required until technologies will attain maturity. The priorities for R&D for the various types of devices are summarised. 

Introduction

The oceans contain a huge energy resource with different origins. The most developed conversion technologies refer to tidal energy, which results from the gravitational fields of the moon and the sun; thermal energy (Ocean Thermal Energy Conversion or OTEC), resulting directly from solar radiation; marine currents, caused by thermal differences in addition to tidal effects; and ocean waves, generated by the action of the winds blowing over the ocean surface. The last two technologies are those that have deserved most attention in the last fifteen years showing better prospects to become competitive in the short- to medium-term. 
This paper starts by an outline of the resource availability, the state-of-the-art of the technology including prototypes and environmental impacts for wave energy and tidal currents. Comprehensive review of these technologies and their status has been produced (e.g. Clément et al., 2002, FES, 2003) and priorities for R&D have been identified within the European Wave Energy Network and the Implementing Agreement of the International Energy Agency. These are summarised in this paper. 
WAVE ENERGY 

Resource 

Waves are created by winds blowing over large areas of water, which in turn are generated by the differential heating of earth surface by the sun. Concentration occurs in both transfers. The global wave power potential is 1-2 TW, which is the same order of magnitude of the world consumption of electrical energy. Europe is characterized by particularly high energy, the highest offshore power levels of 70 kW/m occur off Ireland and Scotland decreasing to about 30kW/m off Norway and off the southern archipelagos of Madeira and Canaries. The total (Atlantic and Mediterranean) European annual deep-water resource amounts to 320 GW (Pontes et al., 1998) from which 130-190 TWh/y may be produced.

Technology 

The complexity of waves and their irregularity has required new technology to an extent larger than for the other ocean renewable energy sources. Considerable research began only after 1973´s oil crisis, and took place in UK, Japan, Norway, Sweden and USA, Denmark, Ireland and Portugal, in the 1980s started in India and China and in the 1990s in Mexico, Australia and Netherlands. Based on various energy-extracting methods a wide range of systems has been proposed and various continue to be developed indicating that a convergence to a best technology has not occurred yet such as happens with wind energy.

The first prototypes were of the OWC (oscillating water column) type. The OWC device comprises a partly submerged concrete or steel structure, open below the water surface, inside which air is trapped above the water free surface. The oscillation of the internal free surface produced by the incident waves makes the air to flow through a turbine that drives an electric generator. The self-rectifying axial-flow Wells turbine has been used in almost all the prototypes. Eight prototypes have been tested since 1985 in Norway, Japan, UK, India, China and Portugal, the rated power ranging between 20 and 500 kW. The Pico plant (400 kW, Azores, Portugal, 1999) and the LIMPET (500 kW, island of Islay, Scotland, 2000, www.wavegen.com) are connected to the grid. Their design and construction was partially funded by the EC JOULE Programme. These fixed devices are generally classified as first generation devices. These devices have been built on the shoreline where construction and maintenance are easier and submerged transmission cables are avoided. In two cases (India and Japan) bottom-fixed nearshore devices (second generation) have been located just outside or incorporated in a protecting breakwater (a way of building the plant at marginal costs). Two OWC plants are planned to be constructed. One is in Portugal (at the new breakwater in Porto) and the other in Australia (www.energetech.com.au). Another shoreline device is the Tapered Channel (TAPCHAN) that was built and operated in Norway from 1985 to mid 1990s. The TAPCHAN comprises a gradually narrowing channel with wall heights above mean water level. As the waves propagate down the channel, the wave height is amplified until the wave crests spill over the walls to a reservoir which provides a stable water supply to a conventional low-head turbine. This is considered a relatively mature technology but there was no follow-up of the first prototype. Limitations of shoreline devices are the requirement of special geomorphologic, environmental and economic conditions.

Offshore systems (third generation) are more appropriate for extensive exploitation of the wave energy resource. Their deployment is less constrained by geomorphologic and environmental aspects and they harness a higher resource because waves loose part of their energy in shallow waters due to breaking and (generally to a much less extent) to bottom friction.

Since the beginning of wave energy R&D thirty years ago a considerable variety of offshore devices has been proposed and developed but the construction of prototypes has started only very recently. The majority is floating devices but a bottom-mounted system (the AWS, www.waveswing.com) has also been developed. The devices can be large such as the Pelamis (an articulated snake about 130 m long, www.oceanpd.com) and the Wave Dragon (an overtopping device with large convex side walls 300m wide to concentrate incident waves, www.wavedragon.net), or relatively small buoys (5 - 15 m diameter) as the AquaBuOY (www.aquaenergygroup.com), Wavebob and others. While in the first generation and second generation systems the PTO (power take-off systems) are air and water turbines for third generation hydraulic, air and water turbines and linear generators were developed.

Prototypes of offshore systems started with the floating OWC Mighty Whale (rated 110 kW, not connected to grid, testing finished in 2002 in Japan by JAMSTEC), followed by the Dutch bottom-mounted 2 MW AWS (to be deployed of NW coast of Portugal in May 2004), the 1:4.5 scaled Wave Dragon being tested in a sheltered area in the Baltic Sea and the Pelamis (750 kW, that will be tested soon at the European Marine Energy Test Centre – wave test facility in Orkney, UK). Plans for constructing and testing soon other prototypes such as the AquaBuOY exist. 

Marine Currents 

Resource

The potential resource for marine currents is estimated as 5 TW but only a very small part of total energy concentrated near the periphery of oceans or through straits and narrow passages between islands and other landforms can be converted to electrical or other useful forms of energy. In Europe this resource is of special interest for UK, Ireland, Greece, France and Italy. In this area 106 suitable locations were identified and it was estimated that, using the available technology, these sites could supply 48 TWh/y to the European electrical grid network (CEC, 1996). The predictability of marine currents and the high load factor (20-60%) are important positive factors for its utilisation.

Technology

The technique that has been mostly considered for the exploitation of marine currents is to use a turbine rotor, set normal to the flow direction, that is mounted on the seabed or suspended from a floating platform. An alternative concept, comprising a reciprocating wing design whose attitude to the water is controlled in such a way that the arms reciprocate against a power take-off restraint, such as a hydraulic ram, has been proposed. The greatest technical problems are likely to arise from the need for adequate operational life and low maintenance costs from machinery operating in a hard environment, although the offshore industry has solved similar problems. 

In Italy, the Enermar 130 kW prototype has been tested in the Strait of Messina. This uses a cross-flow, 3-bladed Kobold turbine, mounted on a floating platform of cylindrical shape. In the UK, the 300 kW Seaflow system (www.marineturbines.com) uses a horizontal-axis rotor, and was installed on a mono-pile driven into the sea-bed in the Bristol Channel. Another system is the Stingray that uses a reciprocating wing design (www.tidal-eb.co.uk). A 150 kW demonstration plant has been under a series of tests near the Shetland Islands.
Environmental Impacts

Wave energy and marine current energy generation are generally considered environmentally benign. For shoreline wave power plants, the main negative impacts are visual intrusion and noise from air turbines. Nearshore and offshore wave energy plants and marine currents plants may constitute obstacles to coastal marine traffic and, when deployed in large numbers, may promote modifications to coastal dynamics as a consequence of energy extraction. The main conflicts are expected to be with shipping, navigation and fishing. Other impacts, namely on the ecosystems, on fishing and on recreation and tourism may occur. Most of these burdens can be minimised and, in some cases, eliminated. 

CHALLENGES

The importance of the European wave energy and marine currents energy resources, the scientific and technical expertise and the existing industrial capacity should take Europe to the leadership of these two new industries which present significant exportation potential. This opportunity can be very welcome by industries with required skills such as the offshore and shipbuilding ones. This European capacity has been made possible through the support of the European Commission in addition to the national programmes. The EC effectively started to include these topics in the fourth Framework Programme in 1994 following successful completion of related studies and preparatory RTD work. In addition to direct financing of studies and prototypes, the series of five international conferences in wave energy starting in 1993 and the recent European Thematic Wave Energy Network also significantly contributed to the stimulation and coordination of the activities carried out throughout Europe within universities, national research centres and industry.

For these technologies to transform from pre-commercial to full maturity significant research and development has to continue. The priorities have been identified through reviews carried out by the WaveNet (CEC, 2003) and the International Energy Agency collaborative R&D Programme on ocean energy systems (www.iea-oes.org) which works in close relationship with the EC (FES, 2003).

Priorities

The following R&D priorities have been identified.  For shoreline-fixed devices namely OWCs improving the efficiency and control of wave-to-air systems, refining the design of the main structures for survivability, energy capture enhancement and lower material cost are required. 

The engineering challenges for floating devices include gaining a better understanding of different types of power take-off systems and how these can be tailored to wave energy, control, array configuration, moorings and flexible electrical connections. 

Required generic research includes a wide range of topics such as tank-testing facilities improvement, computer modelling techniques, electrical conversion and storage, improved bearings and seals. Fabrication, transportation, operation and maintenance (O&M), monitoring, testing, proving and certification, power smoothing are other areas where improvement is relevant. 
For marine current devices similar topics are important and also a better understanding of cavitation, corrosion, sealing and wakes. 

Improving information sharing and technology transfer shall be instrumental for the development of the ERA regarding the exploitation of these two renewable energy sources. 
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