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        Introduction

        
          
            As part of a review of content, this course will be deleted from OpenLearn on 6 December 2018. It has been replaced by the
              new course Can renewable energy sources power the world?

          

        

        Energy from sources other than fossil or nuclear fuels is to a large extent free of the concerns about environmental effects
          and renewability that characterise those two sources. Each alternative source supplies energy continually, whether or not
          we use it. Many alternative sources of energy have been used in simple ways for millennia, e.g. wind and water mills, sails,
          wood burning - but only in the last two centuries has their potential begun to be exploited on an industrial scale. Except
          for geothermal energy, all have their origins in energy generated outside the Earth, yet the potential of each is limited
          by its total supply set against its rate of use. Each is likely to be renewable in the sense that the available rates of supply
          of each exceed those at which they are used. The main concern is whether or not such alternatives can supplant fossil- and
          nuclear-fuel use to power social needs fast enough to avoid the likelihood of future global warming and other kinds of pollution.
        

        One of the alternative sources to consider is wave energy.

        The energy carried by ocean waves derives from a proportion of the wind energy transferred to the ocean surface by frictional
          drag. So, ultimately it stems from the proportion of incoming solar energy that drives air movement. Just how much energy
          is carried by a single wave depends on the wind speed and the area of ocean surface that it crosses; wave height, wavelength,
          and therefore wave energy, are functions of the distance or fetch over which the wind blows.
        

        This course considers the power of the waves as a potential source of useable energy and whether or not it can ever make any
          significant contribution to global energy supplies.
        

        This OpenLearn course provides a sample of level 2 study in Science

      

    

  
    
      
        Learning outcomes

        After studying this course, you should be able to:

        
          	explain the principles that underlie the ability of wave power to deliver useable energy

        

        
          	outline the technologies that are used to harness the power of waves

        

        
          	discuss the positive and negative aspects of wave energy in relation to natural and human aspects of the environment.

        

      

    

  
    
      
        1 Wave energy

        The energy carried by ocean waves derives from a proportion of the wind energy transferred to the ocean surface by frictional
          drag. So, ultimately it stems from the proportion of incoming solar energy that drives air movement. Just how much energy
          is carried by a single wave depends on the wind speed and the area of ocean surface that it crosses; wave height, wavelength,
          and therefore wave energy, are functions of the distance or fetch over which the wind blows. Not surprisingly the main countries with an interest in the development of wave energy are those
          with long ocean coastlines. In favourable locations wave energy along coastlines can average 40 MW km−1 and the global wave energy potential has been estimated at around 2000 TWh (7.2 EJ) per year. Large as that potential might
          appear, wave energy can never supplant more than a few per cent of world energy use (451 EJ in 2002).
        

        
          
            	
              

              How does this compare with primary energy use in the UK in 2002?

            

          

          
            	
              

              The UK used around 10 EJ in 2002, so even the entire world's wave-energy potential cannot satisfy the energy demand of a small,
                albeit highly industrialized country.
              

            

          

        

        The wave-energy potential around the UK is shown by Figure 1. Take a moment to judge the locations around the UK of the greatest and least energy available from waves, as shown by Figure 1.
        

        
          [image: Figure 1]

          Figure 1 Average power of waves around the UK.

        

        One thing is very clear; apart from along the western coasts of the Outer Hebrides, Northern Isles and the south-western approaches,
          coastal wave energy is often about a tenth of that available in the open North Atlantic. Despite the great excitement in some
          circles, both for and against (on environmental grounds) wave energy exploitation around the shores of the UK, much of the
          country has insignificant potential. The prevailing winds are westerlies, so Ireland and the Hebrides protect much of the
          UK from usefully energetic waves.
        

        Wave energy may be exploited at the coast, in near-shore waters and in the open sea. Shoreline and near-shore wave-power generators
          are fixed to the seabed and can be installed and serviced easily. They supply electricity close to the point of use. Their
          operation exploits processes that can often be seen in sea caves and blowholes; surging of waves and the trapping and pressurization
          of air. Figure 2a to c show three coastal wave energy devices. The first focuses waves through a tapered channel, to increase their amplitude,
          so that seawater floods a raised lagoon and then runs through a turbine back out to sea again. The second uses an air tank
          above sea-level. As waves move up and down, the air is compressed and then drawn back to drive a turbine. The third uses the
          motion of a 'gate' that moves as waves break and recede, to drive a hydraulic pump to produce electricity. Such coastal wave-driven
          generators need to be exposed to wave action continually to produce continuous electricity, and therefore require either a
          small tidal range or water at the shore that is deeper than the tidal range. However, Figure 2 shows that near-shore waves have less energy than those further out to sea.
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          Figure 2 Varieties of wave energy device. (a) Tapered channel (TAPCHAN) device. (b) Air compression device (LIMPET). (c) Hydraulic
            device driven by a flapping gate (Pendulor). (d) Pumping device driven by floats (Hose Pump).
          

        

        Offshore devices (e.g. Figure 2d) are typically located in water depths greater than 40 m at a considerable distance from land. There are several types. Some
          are part of a fixed platform and use the same principles as shoreline and near-shore generators, driving air or seawater back
          and forth through a turbine. Others are buoy-like and tethered to the seabed, using floats to drive hydraulic devices (e.g.
          Figure 2d) that rotate a generator, or mechanical and exploit the duck-like rocking motion of floating objects.
        

        As you saw earlier, total ocean wave power falls far short of satisfying global energy demand — its potential is roughly the
          same as that of current global hydropower production (2800 TW h yr−1) in 2003. Moreover, the most efficient sites capable of sizeable supplies are very restricted. Even there, wave energy, like
          the wind, is rarely constant, except in the most inhospitable places, such as the circum-Antarctic region. Consequently, some
          form of energy storage is needed to ensure stable power supplies from waves. The future for wave-energy generators may therefore
          be limited, probably to remote locations and to power offshore installations.
        

      

    

  
    
      
        Conclusion

        Despite claims made for its potential, wave energy can never make any significant contribution to global energy supplies,
          although it may find a use in coastal communities. The greatest potential from wave energy exists far from shore, but waves
          are wind-dependent and so supplies are bound to be irregular.
        

      

    

  
    
      
        Keep on learning
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