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        Introduction

        
          
            As part of a review of content, this course will be deleted from OpenLearn on 3 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 It has been replaced by the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 hydropower.

        Hydroelectric energy is ultimately solar energy converted through evaporation of water, movement of air masses and precipitation
          to gravitational potential energy and then to the kinetic energy of water flowing down a slope. That energy was harnessed
          for centuries through the use of water wheels to drive mills, forges and textile works, before being supplanted by coal-fired
          steam energy.
        

        The principle of hydroelectric power generation is simple; water flowing down steep gradients or from dams is channelled through
          pipes and transfers its kinetic energy to rotating turbines that drive electricity generators. Steep gradients ensure high
          flow speeds, and piping is necessary to maintain the pressure head. Some energy is lost to friction and turbulent flow in
          the pipes, in turbine rotation, and in the conversion of mechanical energy to electricity in the generator. However, most
          of the potential energy of water stored in a reservoir can be converted into electricity.
        

        This course considers hydropower as a potential source of useable energy.

        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 hydropower to deliver useable energy

        

        
          	outline the technologies that are used to harness hydropower

        

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

        

      

    

  
    
      
        1 Hydropower

        Hydroelectric energy is ultimately solar energy converted through evaporation of water, movement of air masses and precipitation
          to gravitational potential energy and then to the kinetic energy of water flowing down a slope. That energy was harnessed
          for centuries through the use of water wheels to drive mills, forges and textile works, before being supplanted by coal-fired
          steam energy. Electricity generation using water turbines, although first centred on constricted streams, has increasingly
          focused on dams and reservoirs that store gravitational potential energy until it is needed.
        

        World capacity of hydroelectric generation has increased every year for over a century and by 2002 had reached about 740 GW,
          by far the largest alternative contributor to global electricity supplies. At the present time, large-scale hydroelectricity
          generation is increasing by about 50 TWh yr-1, although there are fluctuations related to the precipitation in any particular year. This illustrates an important point
          about hydroelectricity; despite its ultimate reliance on the combination of solar and gravitational energy, the immediate
          mediator of output is the water cycle.
        

        
          
            	
              

              What is the principal advantage of flowing water over moving air as a means of power generation?

            

          

          
            	
              

              Water is very much denser than air so that, for a given speed, the kinetic energy of a given volume is much greater than for
                an equivalent volume of air — flowing water is a more concentrated form of energy.
              

            

          

        

        The principle of hydroelectric power generation is simple; water flowing down steep gradients or from dams is channelled through
          pipes and transfers its kinetic energy to rotating turbines that drive electricity generators. Steep gradients ensure high
          flow speeds, and piping is necessary to maintain the pressure head. Some energy is lost to friction and turbulent flow in
          the pipes, in turbine rotation, and in conversion of mechanical energy to electricity in the generator. However, these losses
          are not great; indeed modern hydroelectric turbines have efficiencies exceeding 90%, so most of the potential energy of water
          stored in a reservoir can be converted into electricity.
        

        The power developed depends on the product of the water discharge rate (Q, in m3 s−1) and the working head (the vertical fall of water flowing into the hydroelectric plant, H , in metres) as follows:
        

        [image: ]                          (1)
        

        where N is the power output in W (= J s−1), g is the acceleration due to gravity (9.8 m s−2), ρ is the density of water (103 kg m−3) and K is the overall efficiency of the generating system. Clearly, installations that have a large working head require smaller
          discharge rates for equivalent power output than do those with a small working head. Hence mountainous countries, such as
          Norway, Switzerland and New Zealand, can rely greatly on hydropower, often using small water flow rates, because working heads
          exceeding 1000 m are often available. Today almost all of Norway's electricity is produced by hydroelectric means (40% of
          its entire energy use). However, since most of the best sites for large working head installations have already been developed
          in industrialized nations, attention is turning to improving the economics of using working heads of only 20-30 m on more
          slowly flowing rivers. Even working heads less than 10 m can give useful yields.
        

        
          
            	
              

              Use Equation 1 to calculate the power output in MW from the River Severn's average discharge of 60 m3 s−1 in its middle course. Assume a generating system efficiency of 80% and that a 5 m high barrage can be built safely.
              

            

          

          
            	
              

              Substituting the given values in Equation 1 gives:

              N = 0.8 × (9.8 m s-2) × (103 kg m-3) × (60 m3 s-1) × (5 m) = 2.35 × 106 W = 2.35 MW
              

            

          

        

        Currently, the three main rivers that flow through the flat plains of India and Bangladesh (the Ganges, Brahmaputra and Meghna)
          discharge an average of 2.5 × 104 m3 s−1 to the Bay of Bengal. Their hydroelectric potential from single installations on each river is about 1 GW, using a 5 m head.
          Similar capacities characterize the lower courses of most of the world's major rivers. But this is no more than the capacity
          of moderately sized fossil- and nuclear-fuel generating plants, so despite their potential to act as flood regulators as well
          as power generators, major rivers have proved unattractive for hydropower development low in their courses. In their higher
          courses rivers have lower discharges, but where they flow through narrow valleys and gorges it is possible to build higher
          dams (with higher working heads). The Three Gorges Dam across the Yangtse River in China involves a dam 185 m high. With an
          average discharge of 1.3 × 104 m3 s−1, it has a generating capacity of 18.2 GW, and will be the largest single hydropower project on the planet when completed
          in 2009.
        

        All electricity generation that exploits moving fluids requires a turbine to rotate the generator. Turbines driven by flowing
          water have different designs from those used with either pressurized steam or wind. The Pelton turbine (Figure 1a) is essentially the same as a water wheel, except it is submerged in the water flow. The water's force on cup-like buckets
          rotates a horizontal shaft connected to the generator. Turbines resembling boat propellers (Figure 1b) are placed in the piped water flow and rotate because of the aerodynamic shape of the vanes. Another basic design (Figure 1c) involves water flow entering the turbine radially from a spiral section of the supply pipe, and either horizontal or vertical
          shafts can drive the generator.
        

        
          [image: Figure 1]

          Figure 1 Basic water turbine designs: (a) water wheellike Pelton turbine; (b) propeller like Kaplan turbine; (c) radial flow
            Francis turbine.
          

        

        
          [image: Figure 2]

          Figure 2 Variation of demand for electrical power during typical UK summer and winter days.

        

        As well as hydroelectric projects designed for continuous supply, there are also projects where hydropower potential makes
          a minor contribution, compared with other kinds of generation, to a grid with a widely fluctuating demand (Figure 2). With these projects, the hydropower plant is not required to operate all day. Stopping and starting power generation can
          be very rapid; involving merely closing and opening the water inlets to cope with the fluctuating power demands. In such cases
          pumped storage schemes have been developed where the same water is recycled between two reservoirs at different topographic elevations. Electricity
          from other power stations, usually nuclear stations which are not easily closed down over short periods, is used during low-demand
          times, usually at night, to pump water to the upper reservoir. The process is reversed to generate electricity rapidly during
          periods of peak demand. The Dinorwic pumped storage scheme at Llanberis in North Wales (Figure 3), constructed in the 1970s to be linked with the nearby Trawsfynydd nuclear power station, is the largest such scheme in
          the UK; its maximum output of 1320 MW can be reached in 10 seconds during an emergency. The Trawsfynydd nuclear station developed
          structural problems in the late 1980s and was closed in 1993, so the Dinorwic scheme now relies on nighttime power from the
          UK National Grid.
        

        
          [image: Figure 3]

          Figure 3 Cross-section of the Dinorwic pumped storage hydroelectric scheme at Llanberis, North Wales. The vertical shaft linking
            the low-pressure and highpressure tunnels is 440 m long and 10 m wide. Different levels are shown in the reservoirs; when
            power demand is low, the upper reservoir is filled by pumping from the lower one. At times of peak demand flow from the upper
            reservoir generates power and fills the lower one.
          

        

        Pumped storage schemes are net consumers of electricity because it takes more energy to pump water to the top reservoir than
          is returned when the same amount of water is released through the turbines. However, this method of storing electrical energy represents an enormous saving in generating costs over alternative methods of meeting peak demand, which
          involve operating coal-fired or oil-fired stations well below their economic capacity for most of the time.
        

      

    

  
    
      
        2 The future of hydropower

        Hydroelectric power generators produce no emissions — except indirectly during their construction — and the water used is
          renewable. Generation can be started and stopped almost instantaneously, simply by opening or closing the inlets to the turbines.
          The generating technology is well-established. Other positive aspects of hydroelectric schemes are river regulation, and provision
          of irrigation and drinking water supplies, fisheries and recreational facilities.
        

        These advantages have to be tempered by several drawbacks. Topography and precipitation determine suitable sites, so that
          potential is highly variable from country to country. As with any dam projects, large bodies of water destroy natural environment,
          may displace people, induce seismic and slope instability, and can encourage water-borne diseases. China's Three Gorges project
          will displace more than 1 million people, affects an area of outstanding scenic appeal and may induce landslides on the steep
          slopes that flank the reservoir. The Koyna hydropower project in central western India was associated with swarms of minor
          earthquakes, once the reservoir was filled. Large hydropower reservoirs in Africa, such as Kariba and Aswan, are havens for
          snails and the bilharzia parasites that they carry, and increase the incidence of disease-carrying mosquitoes.
        

        Inevitably, reservoirs fill with sediment carried in suspension by the rivers that supply the water. This has two outcomes:
          storage capacity and thereby generating potential decreases; and downstream flood plains cease to be replenished by fertile
          alluvium deposited by rivers. Both have affected the huge Aswan hydropower scheme that harnesses the Nile in southern Egypt,
          Lake Nasser being rapidly filled with sediment and the Nile's flood plain and delta being starved of annual silt deposition
          because the Nile floods are controlled by the Aswan dam.
        

        Large-scale hydropower schemes are among the largest construction ventures undertaken. They are enormously expensive, and
          place insupportable debt burdens on poor countries, which are unlikely to be relieved by income generation. Building them
          is a lengthy process, 17 years in the case of the Three Gorges project, and, once begun, construction is difficult to stop,
          since that would mean abandoning the high initial investment and construction contracts.
        

        In general, the larger the dam, the bigger the investment, the more serious the social and environmental disruption, the longer
          the lead time, and the greater the danger that circumstances will change before the project is completed and make it redundant.
          Despite these negative features, flowing water that is free of cost continues to give hydroelectric schemes a high profile.
          So, what are the global prospects of exploiting this free power, and, given its long history, has hydropower kept pace with
          increasing energy use?
        

        Figure 4a compares the increase in hydroelectricity generation in several regions of the world between 1965 and 2004. Figure 4b compares the growth in global electricity generation with that of hydroelectricity between 1990 and 2004.
        

        
          [image: Figure 4]

          Figure 4 (a) Hydroelectric energy output since 1965 for regions and globally, in TWh yr−1.(b) The global growth of all electricity production compared with that for hydroelectricity between 1990 and 2004.
          

        

        
          
            	
              

              What can you deduce about the contribution of hydropower to global electricity production over time from Figure 4b?
              

            

          

          
            	
              

              Global hydropower production shows slower growth than electricity generation from all sources, so the overall contribution
                of hydropower is declining. Only in South and Central America is there a sign of more rapid growth.
              

            

          

        

        Several factors help to explain the slow growth of hydroelectricity generation relative to demand. One is the high capital
          cost of large-scale hydropower plants, combined with lengthy periods for construction. Another is that suitable, large-potential
          sites are often remote from consumers, adding to the cost of distribution. There has also been increasing resistance, both
          from environmental groups to the impact of dams, and from developing world governments because of the burden of debt repayments
          for foreign loans. Outside North America and Europe, hydropower potential remains under-exploited (Figure 5). Some specialists put the theoretical global hydropower potential at 4.6 TW, whereas others reckon that the technically
          feasible limit is 1.5 TW, with a limit on economic grounds of about 0.9 TW. Whichever estimate is valid, the potential for
          hydropower development is not so far in excess of actual use (0.7 TW in 2003, Figure 5) as for other alternative energy sources. Despite this slow growth, there is growing interest in small-scale hydropower installations
          for community use. At the smallest scale (0.1 to 5 MW capacity), mere diversion of existing lake water and stream flow though
          pipes minimizes environmental impact.
        

        
          [image: Figure 5]

          Figure 5 Estimated potential and installed (2003) world hydroelectric power capacity, by region. The inset shows global totals.

        

      

    

  
    
      
        Conclusion

        Hydropower was the earliest means of commercial electricity generation, and currently dominates alternative electricity supply.
          However, its global capacity for large-scale exploitation is less than six times that currently installed.
        

        Growth of hydropower is slow and its contribution to global electricity supply is falling. Both are due to economic factors,
          the slow pace of large-scale project construction, the remoteness of high-potential sites, and increasing resistance to the
          social and environmental effects of large dams.
        

        Small-scale hydropower projects for local electricity supplies may expand rapidly, particularly in remote areas, but are unlikely
          to add significantly to global supplies.
        

      

    

  
    
      
        Keep on learning
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