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 Oceans cover 70 percent of the earth’s surface and represent an enormous amount of 
energy in the form of wave, tidal, marine current and thermal resources. Though ocean 

energy is still in a developmental stage, researchers are seeking ways to capture that 

energy and convert it to electricity. Ocean energy is derived from technologies that 
utilize seawater as their motive power or harness its chemical or heat potential. The 

renewable energy (RE) resource in the ocean comes from six distinct sources, each with 

different origins and requiring different technologies for conversion: waves; tidal range; 
tidal currents; ocean currents; ocean thermal energy conversion (OTEC); and salinity 

gradients.. It will be censoriously important to ensure that the development of new 
ocean energy technologies does not harm the marine environment, which is already 

subject to multiple threats such as overfishing, pollution, habitat loss, and climate 

change. Government policies are contributing to accelerate the implementation of ocean 
energy technologies. 
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INTRODUCTION 

  

 The ocean contains a vast energy resource, and there are a number of ways in which this energy can be 

harnessed. There is a global awareness of the need for transition to a lower carbon energy system. Carbon 

dioxide (CO2) and other greenhouse gas (GHG) emissions are known factors in climate change, and as such, 

decarburization of the energy sector is receiving precedence in international energy policy. 

 People have been fascinated with capturing ocean energy since the late 18th century. Monsieur Girard 

received the first recorded patent for wave energy conversion in 1799. The patented device consisted of a ship 

attached to shore with waves driving pumps and other machinery. Only occasional attempts to harness the 

ocean’s energy were made between 1800 and the late 1960’s. However, in 1966, the largest tidal power station 

in the world was built in St. Malo, France [1].  

 Marine energy or marine power refers to the energy carried by ocean waves, tides, salinity, and ocean 

temperature differences. The movement of water in the world’s oceans creates a vast store of kinetic energy, or 

energy in motion. This energy can be harnessed to generate electricity to power homes, transport and industries. 

 

2 Ocean energy Resources: 

 The renewable energy resource in the ocean arises from six distinct sources, each with different origins and 

requiring different technologies for conversion. These sources are [2]: 

 Waves, derived from the transfer of the kinetic energy of the wind to the upper surface of the ocean; 

 Tidal range (tidal rise and fall), derived from the gravitational forces of the Earth-Moon-Sun system; 

 Tidal currents, water flow resulting from the filling and emptying of coastal regions as a result of the tidal 

rise and fall; 

 Ocean currents, 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;  
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 Salinity gradients (osmotic power), derived from salinity differences between fresh and ocean water at river 

mouths. 

 Offshore wind, in some articles and reports also considered as an oceanic energy resource. Wind power is 

one of the cleanest types of power available, and can be currently cost competitive with fossil fuels, depending 

on siting. Very strong winds regularly blow over the oceans, winds over the ocean achieve higher speeds and are 

less turbulent than winds over land, and no landforms block accessibility of the wind over the ocean. 

 

2-1 Waves energy: 

 Wave energy is generated by the movement of a device either floating on the surface of the ocean or 

moored to the ocean floor. Wave height and frequency determine wave energy. Kinetic energy pumps fluid 

through turbines and creates electric power. Stationary wave energy conversion devices use pressure 

fluctuations produced in long tubes from the waves swelling up and down. This bobbing motion pushes a 

turbine when critical pressure is reached. Wave energy increases as latitudes increase north or south. Latitudes 

greater than 40° generate the highest energy [4]. 

 On the basis of the working principle wave energy projects can be grouped as [5]:  

 Oscillating Water Column (OWC) systems, which use a pneumatic chamber and air turbines, and include 

onshore plants, near-shore plants and floating devices; 

 Oscillating Body systems, which include multiple (rotation) bodies, point absorber devices surge devices; 

 Overtopping Devices that are based on the use of a water reservoir and water turbines.  

 

2-2 Tidal range energy: 

 The tidal cycle occurs every 12 hours due to the gravitational force of the moon. The difference in water 

height from low tide and high tide is potential energy. To capture sufficient power from the tidal energy 

potential, the height of high tide must be at least five meters (16 feet) larger than low tide. Only locations on 

earth have this potential, most of which are located in the Bay of Fundy by Nova Scotia. The Bay of Fundy 

between Maine and Nova Scotia features the highest tides in the world, reaching 17 meters (56 feet). This area 

has the potential to produce 10,000 MW.  

 Tidal barrage power is a relatively well known technology founded capturing seawater with a barrage when 

the tide is high, then letting the water flow through hydro-turbines when tidal is low. There are also alternative 

operation modes. Unfortunately, the number of coastal sites where tidal barrages are economically and 

environmentally feasible is very limited. This is because a mean tidal range of at least 4.5 m is required for 

economical operation [8]. 

 

2-3 Tidal currents energy: 

 Tides also create currents that flow in two directions. Tidal current is created from the gravitational pull of 

the moon and sun. Tidal current moves in two directions and reverses four times per day. 

 

2-4 Marine (ocean) current energy: 

 Marine current refers to water that moves continuously and is driven by the motion of the ocean from solar 

heating and wind near the equator. Marine current moves in one direction with relatively constant flow. 

 Ocean current speeds are generally lower than wind speeds. This is important because the kinetic energy 

contained in flowing bodies is proportional to the cube of their velocity. However, another more important 

factor in the power available for extraction from a flowing body is the density of the material. Water is about 

835 times denser than wind, so for the same area of flow being caught, the energy contained in a 12-mph water 

flow is equivalent to that contained in an air mass moving at about 110 mph. Thus, ocean currents represent a 

potentially significant, currently untapped, reservoir of energy [6]. 

 Kinetic energy can be captured from the marine current and other tidal currents with submerged turbines 

that are very similar in appearance to miniature wind turbines, in the other words can be made smaller due to the 

high energy density of water. Constant movement of the marine current moves the rotor blades to generate 

electric power. 

 

2-5 Ocean thermal energy conversion (OTEC): 

 Thermal energy is derived from the sun, which heats the surface of the ocean while the depths remain 

colder. This temperature difference allows energy to be captured and converted to electric power [7]. 

 Ocean thermal energy conversion, or OTEC, uses ocean temperature differences from the surface to depths 

lower than 1,000 meters, to extract energy. A temperature difference of only 20°C (36°F) can yield usable 

energy. Two types of OTEC technologies extract thermal energy and convert it to electric power: closed cycle 

and open cycle. In the closed cycle method, a working fluid, such as ammonia, is pumped through a heat 

exchanger and vaporized. This vaporized steam runs a turbine. The cold water found at the depths of the ocean 

condenses the vapor back to a fluid where it returns to the heat exchanger. In the open cycle system, the warm 
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surface water is forced in a vacuum chamber and converted to steam to run the turbine. The steam is then 

condensed using cold ocean water from lower depths. OTEC works best with temperature differences of at least 

20°C (36°F) [4]. 

 OTEC plants can either be built onshore or on offshore floating platforms. Floating platforms could be 

larger and do not require the use of valuable coastal land, but incur the added expense and impact of 

transporting energy to the shore. Energy can be transported via seafloor cable, a well-developed but costly 

technology that impacts the environment by disrupting seafloor communities, or stored in the form of chemical 

energy as hydrogen, ammonia or methanol. 

 

2-6 Salinity gradients (osmotic power): 

 The mixing of freshwater and seawater releases energy as heat. Harnessing the chemical potential between 

the two water sources, across a semi-permeable membrane, can capture this energy as pressure, rather than heat, 

which can then be converted into useful energy forms. 

 Since freshwater from rivers discharging into saline seawater is globally distributed, osmotic power could 

be generated and used in all regions wherever there is a sufficient supply of fresh water. River mouths are most 

appropriate, because of the potential for large adjacent volumes of freshwater and seawater. 

 

2-7 offshore wind: 

 Offshore wind power design is very similar to onshore windmills; thus much of the technology is currently 

well developed. Unlike land-based wind farms, offshore wind farms require high-voltage cable laid from 

windmills to shore to transport the electricity. In addition to transporting energy to shore, the main technological 

challenge involved in developing offshore wind sources is creating foundations stable sufficient to last in the 

harsh ocean environment and withstand storms, and to economically transport these foundations and anchor 

them offshore [2]. 

 Currently, offshore wind power is still more expensive than either land-based wind power or fossil fuels, 

but the cost is dropping and in many places offshore wind is approaching economically feasible rates. The cost 

is expected to drop by 50 percent in the next 10 yr., which would put it on par with onshore wind and natural 

gas. Off shore wind potential is vast. Wind speeds over the ocean can be up to 20 percent higher than over land 

[2]. 

 

3- Benefits and Barriers: 

 The increasing price of oil and fossil fuels along with the growing concerns of global warming has sparked 

interest in renewable energy around the world. The search for clean, sustainable energy to generate electricity is 

again in the forefront of the news, and the race to develop ocean power at a competitive price is important [4]. 

 Coastal areas have high population densities, requiring large electrical energy demand. Ocean energy is 

available to these coastal areas. Another benefit is size. As discussed in the previous section, ocean energy 

resources are significant and have a high power density for producing electricity. This allows ocean turbines to 

be smaller than wind turbines. 

 It is possible to derive ancillary benefits from both the warm and cold water cycled through OTEC plants. 

An open-cycle plant can provide a source of desalinated water fresh enough for municipal or agricultural use. 

The cold-water effluent can be applied to Mari culture (the cultivation of marine organisms such as algae, fish, 

and shellfish), air conditioning and other applications. 

 Multiple barriers exist for ocean energy technologies, such as gaining site permits, the environmental effect 

of technology deployments, and grid connectivity for transmitting the energy produced.  

 Permitting: Permitting is one of the key factors delaying the deployment of ocean energy. Progress has 

been made to allow the pilot testing of new technologies on a smaller scale before going through the full 

permitting process. 

 Environmental Impact: Marine technologies are new, unproven, and their cumulative environmental 

impacts are not known [8]. Though ocean energy systems are expected to have little negative impact on the 

environment, the technologies are too new to gauge all factors. Prolonged studies are needed. 

 Transmission Lines: Availability of transmission lines impacts how fast ocean energy can be 

commercialized. Planning for upgrades with utility companies should be a part of total ocean energy projects. 

 

4- Environmental considerations: 

 Any energy technology has some environmental impact. However, while fossil fuel plants lead to pollution 

and global warming regardless of their size and location, the impacts of various renewable energy technologies 

are likely to be highly site specific and scale dependent. Carefully choosing sites that can withstand the 

alterations to the environment caused by power plants will be crucial to effectively develop these technologies 

without harming the ocean [2]. 

 



843                                                          Soheila Khoshnevis Yazdi et al, 2014 

Advances in Environmental Biology, 8(13) August 2014, Pages: 840-845 

 Waves Energy: 

 The environmental impacts of wave energy technologies are difficult to assess due to the lack of 

deployment experience. Pilot projects and pre-commercial deployments are likely to generate useful data on 

potential environmental effects and their mitigation. 

 Small-scale wave energy plants are likely to have minimal environmental impacts. However, some of the 

very large-scale projects that have been proposed have the potential for harming ocean ecosystems. Covering 

very large areas of the surface of the ocean with wave energy devices would harm marine life and could have 

more widespread effects, by altering the way the ocean interacts with the atmosphere. Wave power plants act as 

wave breakers, calming the sea. While this is often a desired influence in many harbors (in fact wave energy 

devices could be combined with wave break devices), the result may be to slow the mixing of the upper layers 

of the sea which could adversely impact marine life and fisheries. Changes in waves and currents would most 

directly impact species that spend their lives nearer the surface. Many fish species depend in part on currents to 

transport larvae, so wave energy devices that alter the currents between spawning grounds and feeding grounds 

could be harmful to fish populations. 

 Wave energy promoters claim the devices could enhance marine life by providing structure, acting in much 

the same way as artificial reefs. This claim should be critically evaluated for specific projects, because the 

effects of artificial structures appear to be very site specific. 

 

 Tidal range energy: 

 Changes caused by the barrage include a reduction in intertidal area, slower currents, reduced range of 

salinities, and changed bottom water characteristics, all of which led to changes in the marine community there. 

Operation of a barrage will affect the amplitude and timing of the tides inside the basin, and modify fish and 

bird life and habitat, water salinity and sediment movements in the estuary.  

 Tidal plants sited at the mouths of estuaries pose many of the same environmental threats as large dams. By 

altering the flow of saltwater into and out of estuaries, tidal plants could affect the hydrology and salinity of 

these sensitive environments. Estuaries serve as a nursery for many marine organisms as well as a unique and 

irreplaceable habitat for estuarine organisms, and alteration of this habitat by the construction of large tidal 

plants should be avoided. 

 Tidal fences and tidal turbines are likely to be more environmentally benign [9]. Marine mammals would be 

protected by a fence that would keep larger animals away from the structure and a sonar sensor auto breaking 

system that shuts the system down when marine mammals are detected. 

 Tidal turbines do not block channels or estuarine mouths, interrupt fish migration or alter hydrology. Tidal 

turbines and tidal fences both may offer considerable generating capacity without a major impact on the ocean, 

while tidal barrages are probably too damaging to the marine ecosystem. Rese arch in tidal energy should focus 

on turbines, fences and similar technologies [2]. 

 

 Tidal currents energy: 

 Environmental effects may be somewhat limited because devices will be located in already energetic, 

moving water environments, which have low species diversity and abundances [3]. 

 

 Ocean currents energy: 

 Possible impacts from full-scale commercial deployments of ocean current energy systems can be come 

together into four broad categories: the physical environment (the ocean itself); benthic (ocean-bottom) 

communities; marine life in the water column; and competing uses for marine space [10]. 

 

 Ocean thermal energy conversion: 

 Under normal operating conditions, OTEC power plants will release few emissions to the atmosphere and 

will not undesirably affect local air quality. Plankton (and perhaps food web) growth could occur as nutrient-

rich deep water effluents are released; this might only occur if sufficient light is also available at the stabilized 

plume depth (generally deeper than the discharge depth). Marine organisms, mainly plankton will be attracted 

by marine nutrients in the OTEC plant’s discharge pipe, which can cause bio fouling and corrosion [11]. 

 OTEC poses some potential environmental threats, especially if implemented on a large scale. These 

stations impact the surrounding marine environment mainly through heating the water, the release of toxic 

chemicals, impingement of organisms on intake screens, and entrainment of small organisms by intake pipes, all 

of which are concerns for OTEC. Large discharges of mixed warm and cold water would be released near the 

surface, creating a plume of sinking cool water. 

 The continual use of warm surface water and cold deep water may, over long periods of time, lead to slight 

warming at depth and cooling at the surface. Thermal effects may be important; as local temperature changes of 

only 3– 4°C are known to cause high mortality among corals and fishes. Aside from mortality, other effects such 
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as reduced hatching success of eggs and developmental inhibition of larvae, which lower reproductive success, 

may result from thermal changes [12]. 

 

 Salinity gradients power plants: 

 The mixing of seawater and freshwater is a natural process in estuarine environments [13], and salinity 

gradient power plants would replicate this process by mixing freshwater and seawater before returning the 

brackish water to the ocean. Though normal brackish water is the main waste product, its concentrated discharge 

may alter the environment and have impacts on animals and plants living in the location [3]. 

 

 Offshore Wind Energy: 

 Potential impacts of offshore wind on the environment include effects on fisheries, seabed communities, 

and migratory birds. Additionally, vibrations from the windmills could disturb marine mammals. Currently, 

there is no evidence of damaging effects from offshore wind turbines, but insufficient studies on environmental 

impact have been conducted [2]. 

 One of the few noted environmental drawbacks of wind power in general is the potential to kill birds. 

Careful siting of windmills to avoid important bird migration corridors can significantly lessen this danger. With 

careful siting to avoid harm to local or migratory birds and fish, offshore wind may be one of the most 

environmentally benign of ocean energy resources, as it has a very small footprint, does not affect currents, 

waves or tidal flows, and does not discharge fluids or change the ambient temperature of the waters. 

 

Conclusion:  

 In principle, the potential of marine energy is huge, but the economic potential is much more modest due to 

current high technology costs. Because of insufficient experience and demonstration, there is a lack of 

information and understanding regarding performance, lifetime, operation and maintenance of technologies and 

power plants. For example, the impact of the aggressive marine environment on materials and components, and 

the consequence on plant lifetime must be established. Significant research investment is still needed as well as 

government support for market deployment.  

 Resource assessments for ocean energy are currently incomplete and have high uncertainty. A method for 

reporting the resource quantities for comparison with standard energy metrics is still not well developed. Ocean 

energy resources need to be quantified in terms of raw resources and extractable electric resources. Guidelines 

must be developed to make this potential consistent with other renewable energies. 

 Further research is needed on the environmental effects as well as economic feasibility of renewable ocean 

energy projects. Potential environmental impacts that would need to be considered with the development and 

utilization of ocean current energy include impacts on marine ecology and conflicts with other potential uses of 

the same area of the ocean. Resource requirements associated with the construction and operation of these 

technologies would also need to be addressed. Regardless of the size and nature of the expected environmental 

impacts, project planning would need to consider the protection of species, particularly fish and marine 

mammals.  

 Besides climate change mitigation, possible positive special effects from ocean energy may include 

avoidance of adverse effects on marine life by virtue of reducing other human activities in the area around the 

ocean devices, and the strengthening of energy supply and regional economic growth, employment and tourism. 

 In order for ocean energy technologies to enter the market, sustained governmental support is needed. 

Government policies are contributing to accelerate the application of ocean energy technologies. 
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