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            As countries worldwide become more developed and populated, our planet becomes more power hungry. We
 need power to run our homes, our businesses, and effectively our world. This is a need that is not going to disappear.
 However, the main sources of our power are causing other disappearances. In the United States, coal and gas are used
 for 39% and 27% of our electricity generation respectively (U.S. EPA, 2014). Although the United States has abundant
 coal resources, the extraction of it causes habitat destruction and its burning releases greenhouse gases, particularly
 CO2, a key driver of global climate change. Therefore more research is going into the development of technologies to
 provide alternative, renewable sources of energy. One such technology is the harnessing of tidal power.
            The ebb and flow of the tides are the result of the gravitational attractions of the earth, sun, and moon as they
 correspond to their position in relation to each other (Lynn, 2013). The moons gravitational attraction is two times
 stronger than the sun’s because, although the sun is bigger, the moon is much closer. As the moon rotates around the
 earth, the water on the surface of the earth is pulled towards the moon on the part of the earth that is facing it, where
 gravitational attraction is strongest due to proximity, and on the opposite side of the earth, where the force of inertia
 exceeds that of gravity and water is pulled away from the earth (See Figure 1). Around the rest of the planet low tides
 result as gravity and inertia balance each other out (NOAA, 2008). These semidiurnal tides occur twice daily. When the
 sun and moon align, as in a new or full moon, the sun enhances the gravitational pull of the moon and the tidal range
 (difference between high water and low water) is greatest and the flow rate is upwards of three meters per second. This
 is called spring tide. During neap tide the sun and moon are perpindicular, as in a quarter or three quarter moon, and the
 tidal range is minimal with currents of about 1.5 meters per second. Spring and neap tide occur alternatingly twice a
 month in congruence with the positions of the sun, moon and earth. The predictability of the tides gives tidal energy an
 advantage over other forms of renewable energy like solar and wind, as the sun can’t always be trusted to be shining,
 nor the wind to be blowing.

Figure 1. Formation of high and low tides. Where the earth is facing the moon the gravitational pull is strongest
 due to its relative closeness resulting in a tidal bulge. On the opposite side of earth farthest away from the moon, inertia
 exceeds gravity and another bulge results as water moves away from the moon. These bulges form high tides. Around
 the rest of the planet these forces are at equilibrium, or low tide.
 http://oceanservice.noaa.gov/education/kits/tides/media/supp_tide03.html

 
The first uses of tidal power in medieval Europe 787 A.D. included tidal mills and basins. During high tide,

 water filled the basin and as tide went down, the water returned to the sea through a wheel. The rotations of the wheel
 generated mechanical energy for two to three hours twice daily (Zou, 2004). Mills were abandoned as they only
 provided power for 2-3 hours twice daily, as the tide was coming in and out. However, the same concept is used in
 modern tidal barrages.  A barrage is similar to a dam in that it is a structure that cuts off the flow of water. A barrage is
 put across an estuary with turbines in an opening where the water can pass through. In two-way generation, the gates
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 are closed as the tide rises until the end and then the gates are opened and water rushes in through the turbines. The
 blades turn and a generator either within the turbine (bulb) or separate converts the energy to electricity either by
 gearbox, or with hydraulic pumping. The gates are closed at high tide and the water is held in as the level on the other
 side goes down. When there is sufficient head (difference in water level), the gates are reopened and the water rushes
 through the turbines again generating electricity. Ebb Only Generation generates power exclusively during the ebb
 (retreat of tide) (See Fig 2). This mode of generation, the tidal barrage, relies on the potential energy of the water.
 Alternatively, turbines of a variety of designs can be placed in the direct stream of the tide, capitalizing on the water’s
 kinetic energy, either with gravity base, pile mounting or floating (EMEC, 2014).

http://www.wyretidalenergy.com/tidal-barrage/how-a-barrage-works
Figure 2. Ebb only generation tidal barrage. In a tidal barrage the sluice gates are closed during high tide. After the tide
 has retreated, the gates are opened and the water in the tidal basin rushes out, through the turbine, to the ocean. The
 rotation of the turbine powers a generator on top of the barrage that creates electricity.

 
Estuaries are a distinct environment that occur at the confluence of rivers and seas. Because of the influx of

 freshwater, the salinity is not a constant but rather changes. Likewise, temperature also varies and oxygen levels tend to
 be low. Low oxygen is indicative of high rates of decomposition. Consequently, estuaries are characterized by the
 nutrient rich, soft muddy sediment. Myriad invertebrates burrow into this soft sediment. During low tide, the bottom
 sediment is exposed in what is called mudflats. Seabirds have evolved different beaks to feed on burrowing organisms
 in the exposed mudflats. Mudsnails will feed on algae and bacteria growing on the exposed mudflats. Diadromous
 fishes like salmons,  and shads, and eels utilize estuaries during their migrations because estuaries are nutrient rich and
 provide shelter from predators  (Dadswell and Relufson, 1994). These reasons also explain why fish use estuaries as
 breeding grounds and nurseries (Pelc and Fujita, 2002).
            The installation of tidal barrages in estuarine environments have had deleterious and irreversible effects on the
 ecosystems there. The benthic community is completely changed as disturbed sediment smothers present organisms and
 opportunistic species recolonize (Hooper and Austen, 2013). Characteristics of the water itself can be altered (Kadiri et
 al., 2012). Tidal barrages would reduce the tidal current by decreasing the amount of water coming in and out of the
 estuary with the effect of increased sedimentation, decreased dissolved oxygen levels and decreased salinity. These
 could lead to local extinctions if organisms are pushed out of their range of tolerance. Fishes are experiencing high
 numbers of mortalities due to pressure, mechanical strike, shear (confluence of two streams on unequal velocity), and
 cavitation (internal popping of air bubbles) (Dadswell and Rulifson, 1994). In daily surveys done at Annapolis turbine
 from 1985-6, over 4000 fish from 11 species were found damaged or dead (Dadswell and Rulifson, 1994).  Marine
 birds are also affected (Clark, 2006). Tidal barrages halve the amount of intertidal feeding area available as well as
 reduce the intertidal exposure duration (See Fig 3). Starvation leads to migration to new wintering grounds. But new
 wintering grounds may come with decreased rates of survival and therefore a decrease in the population, as the
 immigrant birds are not as well adapted as residents or struggle in their new habitat. The noise inflicted during pile
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 driving is loud enough to disrupt echolocation and halt feeding in cetaceans as well as affect pelagic larvae’s
 recruitment (Frid et al., 2012; Hooper and Austen, 2013). The electromagnetic field emissions from cables can disorient
 sea turtles that use magnetic fields in the migrations.

Figure 3. Changes in intertidal area exposed during spring (left) and neap (right) tide. The blue line represents intertidal
 exposure without a tidal barrage. The red and green lines show intertidal exposure with dual (2-way generation) and
 ebb only generation respectively. Note the decrease in area of intertidal zone exposed when tidal barrages are in place.
 This has implications for marine birds that feed on exposed mudflats. As the feeding area available is reduced,
 starvation ensues followed by migration to different sites and ultimately lower population numbers. Figure from Frid et
 al, 2012.
 
            Some solutions include having passageways for marine organisms, large turbines that allow for the passage of
 marine organisms, and use of less harmful tidal stream system rather than barrage. Testing goes on at a site for before a
 tidal farm or barrage is installed, such as estimates for ecological consequences (changes in water level, construction
 noise, sediment dynamics, water quality, etc.), changes in benefit of the estuary (food, raw materials provision of space,
 etc.) and tidal energy output (Hooper and Austen, 2013; Hooper et al, 2014; O’Rourke et al, 2014). Ireland is of
 particular interest for tidal power as its coastline has many inlets and islands and therefore channels of strong and fast
 currents. Assessments have been done at Bull’s Mouth and Shannon’s estuary to evaluate their potential for turbine
 sites (O’Rourke et al, 2014). Manukau Harbor in New Zealand has also been identified and tested for a future site
 (Moore and Boyle, 2014). Tidal power could provide 10% of the world’s energy needs (World Business Council for
 Sustainable Development, 2010). The technology is still young, but as it becomes more developed we can expect to see
 many more tidal farms being installed.
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