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Abstract

An increased focus on the dangers posed by climate change has heightened global interest
in the research and development of renewable energy technologies. In other words, the
oceans present a vast potential for energy, and investments in this area are rising as
renewable energy technologies advance. Studies on ocean thermal energy conversion,
offshore wind energy, wave energy, tidal energy, and commercial expansion have resulted
in valuable technologies. The potential of these resources contributes to mitigating the risks
associated with global climate change; however, it is crucial to safeguard the ocean
environment during the development of these technologies. Indeed, if projects are well-
defined and appropriately located, and if environmental guidelines are adhered to, the
renewable energy resources from the ocean can be harnessed without causing significant
harm to the marine ecosystem. This paper aims to explore the existing technologies for
renewable energy in the ocean and their current status worldwide.
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1. Introduction

A heightened awareness of the threats posed by climate change has increased worldwide
interest in the research and development of renewable energy technologies. In essence, the
oceans offer immense potential for energy, and investments in this sector are growing as
renewable energy technologies progress. Research on ocean thermal energy conversion,
offshore wind energy, wave energy, tidal energy, and commercial expansion has led to the
creation of valuable technologies. The promise of these resources plays a significant role
in alleviating the risks linked to global climate change; however, it is essential to protect
the ocean environment during the advancement of these technologies. Indeed, if projects
are clearly defined and suitably located, and if environmental regulations are followed,
ocean renewable energy resources can be utilized without inflicting considerable damage
to the marine ecosystem. This paper intends to examine the current technologies for
renewable energy in the ocean and their status on a global scale.

The vast ocean contains a vast source of energy in the form of heat, currents, waves, and
tides, meeting the world's total energy demand more than several times over (Takahashi
and Trenka, 1996). To date, ocean energy has only comprised a small portion of the world's
energy supply. Currently, widespread concerns about global climate change and other
environmental impacts resulting from reliance on fossil fuels have increased interest in
renewable energy. Indeed, increased research and development of ocean renewable energy
for a comprehensive and complex program may well meet the energy needs. While ocean
renewable energy is likely to improve the environment by replacing fossil fuel power plants
and reducing carbon emissions, the question that must be asked is, "What next?" It must be
ensured that the development of new ocean energy technologies does not harm the marine
environment, which is currently subject to various threats such as overfishing, pollution,
habitat loss, and climate change. This paper presents and compares the main potential
sources of ocean renewable energy according to the guidelines for the development of
responsible marine environmental protection.

2. Development of renewable energy

Energy use is one of the most important and ongoing issues of our time. Investments in
energy efficiency and increased conservation may be the best way to address energy
consumption. But today, more than 2 billion people worldwide do not have access to
electricity (Flavin and O’Meara, 1997), and rapid population growth in developing
countries continues, and the demand for electricity is almost certain to increase. At the same
time, rising living standards and reliance on technology in developed countries may cause
energy demand to grow faster than population growth, even with improvements in
efficiency. For example, in the United States, per capita energy consumption declined
throughout the 1970s and early 1980s due to improvements in efficiency, but has increased
since then, and is projected to increase over the next 20 years, as demand for energy services
increases. In order to meet the demand that is projected despite efforts to improve efficiency
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and limit greenhouse gas emissions, renewable energy sources must be developed.
Research on renewable energy has been slow to grow because it is difficult for any new
technology to compete economically with cheap fossil fuel power plants. Renewables are
often considered in the long term because the “fuel” — sunlight, wind, ocean waves, etc. —
is free and unlimited. In the short term, renewable energy plants are sometimes
prohibitively expensive. However, proper accounting for the external costs of energy
production puts renewable energy in a more favorable position, while advances in
technology and economies of scale can cause the costs of such technologies to fall
significantly over time, making wind power cost-competitive with fossil fuels, even
without accounting for the costs of pollution and other side effects associated with fossil
fuels (Herzog, 1999).

Renewable energy research has focused primarily on the development of solar, wind,
biomass, and geothermal energy. In light of this, it is anticipated that governments,
companies, engineers, and scientists will increasingly turn their attention to the vast energy
stored in the ocean. While the development of ocean energy will inevitably present some
challenges, much of the infrastructure and knowledge needed to generate energy from the
ocean already existed, well before the advent of the offshore oil industry. At present, some
applications of wave, offshore wind, and possibly tidal energy may be economically
feasible for limited sites, and it is likely that as research continues, the costs of ocean energy
will fall to competitive levels.

3. Renewable energy sources from the ocean

3.1. Ocean Thermal Energy Conversion (OTEC)

This electricity is generated from the ocean’s natural thermal gradient, using the heat stored
in the surface of the warm water to create steam to drive a turbine, while cold deep water
is pumped to the surface to recompress the steam. In a closed-cycle power plant, warm
seawater heats a low-boiling fluid such as ammonia, and the ammonia steam drives a
turbine generator. This steam is then condensed by cold water, completing the cycle. In an
open-cycle power plant, warm seawater is pumped from the surface to a vacuum chamber
where it is flashed, and the resulting steam drives a turbine. The cold seawater is then
brought to the surface and used to condense the steam and return it to the environment.
Dual-fuel power plants combine the advantages of both systems, and are used for
desalination (Takahashi and Trenka, 1996). OTEC plants can be built either on land or on
floating offshore platforms. Floating platforms can be larger and do not require the use of
coastal land, but they incur added cost and affect the transportation of energy to shore. The
energy can be transmitted via cables on the seabed, a highly developed but expensive
technology that affects the environment by interfering with seabed organisms, or stored in
the form of chemical energy such as hydrogen, ammonia, and methanol. Mobile plants used
to produce hydrogen, ammonia, and methanol slowly travel the ocean, store the energy for
about a month, and then transport it by tanker to shore (Avery and Wu, 1994).
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Other side benefits may also be derived from both hot and cold water circulation through
OTEC systems. In an open-cycle power plant, the hot water after evaporation can be re-
condensed and, while kept separate from the cold seawater, removed from the salt and
providing a fresh freshwater source, sufficient for municipal or agricultural use. The cold
water effluent can be used for aquaculture (growing marine organisms such as algae, fish,
and shellfish), air conditioning, and other applications.

The cold, deep seawater carried by OTEC pipes is free, parasite-free, and nutritious, and
can be pumped to seaweed production ponds or other products in a controlled system. Some
private companies around the world have benefited from raising lobsters, flounder, and
high-protein algae in aquaculture ponds fed by cold water. In addition, this cold water can
be used to grow crops such as strawberries in tropical climates. The most profitable side
benefit of this type of power plant could be the industrial cooling and ventilation system
(Avery and Wu, 1994).

In the summer of 2002, the NELHA laboratory in the United States built a new closed-
cycle power plant, capable of generating between 1 and 1.4 MW of electricity (Daniel,
2002). In addition, the US Navy installed an 8 MW OTEC plant with a 2 MW turbine to
replace a 15 MW gas plant on the British Indian Ocean island of Diego Garcia. Since about
5 MW of the electricity generated by the gas plant is used for air conditioning, and can be
replaced by water cooling through the OTEC tubes, a smaller capacity OTEC plant could
replace the gas plant. The plant could also help provide the island with drinking water
(Daniel, 2002).

Sea solar power has presented two conceptual models for OTEC plants, a 10 MW, land-
based model for small islands and a 100 MW, floating platform model for use in the
mainland. Their model is eight times smaller than the US government design for a plant of
the same capacity. As a result, it uses significantly less water and costs 1.4 times less. The
company engaged in a two-year, $20 million project to test and refine each component of
the system, and then, with the system optimized, began operating a 10 MW pilot project in
Guam and a 100 MW floating plant in Tamil Nadu, southern India (Ramesh et al., 1997).

3.1.1 Potential

In total, it is estimated that about 10 trillion watts (TW) or 10 billion kilowatts of power,
roughly equivalent to the current global energy demand, could be provided by OTEC
without affecting the ocean thermal structure (Daniel, 2002). However, with the current
costs of generating electricity from OTEC varying (Takahashi and Trenka, 1996)
significantly higher than fossil fuel costs, it is unlikely that these resources will be fully
developed unless they are subsidized. The greatest potential for OTEC is probably for use
in small island developing countries, which require both electricity and local fresh water.
It is likely that full exploitation of the co-benefits (freshwater, aquaculture, ventilation, etc.)
will be necessary for economic feasibility.

OTEC is the only viable system in tropical seas, in areas where the temperature gradient
between the surface and a depth of 1000 m is at least 22°C. The areas of open ocean with
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this temperature difference, suitable for floating OTEC plants, are generally about 60
million km2 in area. For a coastal plant, topography is also important, allowing access to
very deep waters (1 km or deeper) directly offshore, which is a particular situation on
tropical islands, atolls, and a limited number of coastal sites (Pelc and Fujita, 2002).

3.1.2 Environmental impacts

Although the environmental impacts of OTEC are relatively benign compared to traditional
power plants, there are some potential environmental threats, especially if implemented on
a large scale. These stations affect the surrounding marine environment mainly through
heating of the water, from the release of toxic chemicals, the impact of organisms on the
receiving plates, and the mixing of small organisms by the intake pipes. Large amounts of
mixed warm and cold water are discharged near the free surface, creating a column of
sinking cold water. The continuous use of warm surface waters and cold deep waters over
long periods of time may result in slight warming at depth and cooling at the surface (Avery
and Wu, 1994). Thermal effects may be significant, with local temperature changes of only
3to 4°C being known to cause high mortality among corals and fish. Apart from mortality,
other effects such as reduced egg-laying success and inhibited larval growth and
development, or less successful reproduction, may result from these thermal changes
(Kennish, 1998). Increased nutrient loading from rising water discharges could also have a
negative impact on the ecosystem, which is inherently nutrient-poor and characteristic of
tropical seas.

Toxic chemicals, such as ammonia and chlorine, may be released into the environment
from an OTEC plant and kill local marine life. Ammonia in closed-loop systems must be
designed to be kept out of contact with the environment, and the hazards of an open-loop
system are expected to include serious accidents such as a collision with a ship, a storm,
terrorism, or major human error (Avery and Wu, 1994). Collisions of large organisms and
mixing of small organisms have been responsible for the greatest mortality of marine life
at coastal power plants (Kennish, 1998). The magnitude of this problem depends on the
location and size of the plant; however, if marine life is attracted to OTEC plants by the
higher nutrient concentrations in the rising cold water, large numbers of organisms,
including larvae or immatures, can be killed by collisions or mixing. For floating
installations, the victims of the collision will be mainly small fish, jellyfish, and marine
invertebrates, while for land-based installations, crustaceans will be the most affected
organisms. Finally, in OTEC power generation, a small amount of carbon dioxide gas is
released into the atmosphere. Bringing deep waters to the surface where the pressure is
lower allows some of the carbon dioxide trapped in these deep waters to be released,
especially as the water warms, reducing the solubility of carbon dioxide. However, these
carbon emissions are very small compared to greenhouse gas emissions from fossil fuel
power plants.

OTEC can significantly improve the quality of life in developing countries, and the benefits
of fresh water, aquaculture, and air conditioning are major contributors. However, if the
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technology is shown to be safe, further research into the environmental impacts is
necessary. Also, in tropical locations facing high electricity prices, the development of
these plants should be encouraged if suitable sites can be found where environmental
damage is minimal. Since governments in developing countries that stand to benefit most
from OTEC cannot afford to invest heavily, governments in developed countries should
contribute to research and investment efforts for OTEC in developing countries.

Appropriate measures should be taken to control the following environmental impacts:

e Auvoiding the establishment of OTEC plants in sensitive areas, including major
fishing grounds, spawning grounds, and sensitive reef habitats.

e Using discharges to obtain co-benefits will cause significant changes in local water
temperatures.

e Careful use of toxins such as ammonia, chlorine, and avoiding coating the hulls of
these power plants with toxic coatings that pollute water in ships and ports.

e Greater reliance on relatively small power plants. While larger power plants may
have greater economic benefits, they cause more harm to a community through
discharge or mixing.

3.2. Wave energy

Wave energy has long been one of the most promising renewable technologies. Not only is
it a widespread energy source, wave power is available at a given location up to 90% of the
time, while solar and wind power are only available 20-30% of the time. There are over
1000 different registered designs for wave energy devices, and several have shown the
potential for commercially viable electricity generation (Falnes and Lovseth, 1991). In the
1970s, after several disappointing experiments, the high expectations for wave power were
dashed during the oil crisis, and interest in it waned. However, interest in wave energy has
increased with the introduction of several new technologies that significantly increase the
efficiency and feasibility of using wave power, shift the focus towards smaller power
plants, and lower initial capital costs. Unlike OTEC, wave power is now commercial, with
recent developments steadily gaining traction from companies investing in wave energy
devices around the world.

The world's first commercial wave power plant, Limpet 500, was installed in 2000 on the
island of Islay, Scotland, and began supplying electricity to the UK grid in late November
2000. The 0.5 MW Limpet 500 was designed by Wavegen to be located on wave-exposed
coasts, using the oscillation of the water column. Wavegen also built a near-shore device,
the OSPREY 2000 (Ocean Swell Powered Renewable EnergY), a 2 MW station designed
for 15 m water depth up to 1 km offshore, and the WOSP 3500, a combination of OSPREY
and an offshore windmill unit, with a total rating of 3.5 MW—2 MW OSPREY plus 1.5
MW wind (Pelc and Fujita, 2002).

Also on the island of Islay, the Ocean Power Distribution Company (OPD Limited) of
Edinburgh, Scotland, installed and commissioned a small offshore wave power plant in
2002, which supplied electricity to 200 homes. The plant generated approximately 2.5
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million kWh of electricity per year. With support from Scotland in 1999, OPD eventually
installed up to 900 units with a total capacity of 700 MW, generating over 2.5 billion
kWh/year (Middleton, 2001). In 1990 a hybrid monitor system was designed by Demi-tek
that combined tidal, wave and wind power. The monitor generated enough electricity to
light the town’s sidewalks and conference halls. In addition, the monitor was deployed to
help reduce the impact of waves and protect the coast from erosion. They are also anchored
to the ocean floor by cables similar to those used for offshore oil drilling, and electricity is
brought to shore by a submarine cable (Pelc and Fujita, 2002).

3.2.1 Potential

The greatest potential for wave energy lies where the strongest winds are found—in the
temperate latitudes between 40 and 60 degrees north and south, on the eastern borders of
the oceans. One of the richest nations in terms of wave energy potential is England, and the
north of Scotland has particularly high potential. A good deal of potential for wave energy
development exists on the Pacific Northwest coast (Middleton, 2001), and worldwide,
wave energy has the potential to provide up to 2 terawatts of electricity, according to the
World Energy Council (WEC, 1993), about one-fifth of current global energy demand.
Although wave energy is not yet economically competitive with fossil fuels, it is promising,
and this situation is improving with more advanced technology. Costs have fallen rapidly
in the past few years, allowing wave power stations to compete favorably with conventional
power stations (Jones, 2002).

3.2.2 Environmental impacts

Small-scale wave energy plants are likely to have few environmental impacts. However,
some of the large-scale projects that have been proposed have the potential to damage ocean
ecosystems. Covering large areas of the ocean surface with wave energy devices will harm
marine life and could have wider impacts by changing the way the ocean interacts with the
atmosphere. Wave energy plants act as wave breakers and sea calmers. In fact, wave energy
generating devices can be combined with wave breaking devices, and this may result in a
reduction in the mixing of the upper layers of the sea, which could have a negative impact
on marine life and fisheries. Of course, bottom fish are unlikely to be directly affected.
However, changes in surface productivity associated with reduced mixing could potentially
reduce the food supply for deep-sea organisms. Changes in waves and currents directly
affect species that spend their lives closer to the surface. Many fish species depend on
currents for larval transport, so wave energy devices that alter currents between spawning
and feeding can harm fish populations. Wave attenuation may reduce erosion at the
shoreline; whether this effect is beneficial or detrimental depends on the specific shoreline
(Pelc and Fujita, 2002). While the process of wave attenuation may have detrimental
environmental effects, further research is needed to determine the extent of this effect.

Researchers using wave energy claim that these devices can enhance marine life by
providing structure and acting in many ways in the same way as artificial reefs. This claim
should be critically evaluated for specific projects, as the effects of artificial structures
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appear to be very site-specific. In areas where hard substrate is clearly limiting for
production, such structures may enhance marine life. Conversely, when other factors are
limiting, artificial structures may simply push organisms away from natural habitats,
potentially increasing their vulnerability to the energy input (Grossman et al., 1997). Wave
energy is promising, and has enormous potential to reduce dependence on fossil fuels, and
appears to be relatively environmentally safe at this time. Further research into wave energy
is recommended. For new wave power plants, especially of the high-capacity type, the
location must be carefully chosen, not only for the potential for electricity generation, but
also for the reliance on powerful waves and the ecosystem response to them. Wave power
plants should also be located away from areas where the calming of the waves would cause
significant changes in natural ecological processes.

3.3. Tidal energy

A distinct advantage of tidal energy, compared to solar, wind and wave energy, is that it is
highly predictable. The regularity of the tides, combined with the enormous energy
potential, has led to increased interest in the development of tidal energy. The first tidal
dams were constructed, resembling dams, across the mouths of estuaries to harness the
energy of tidal currents. Unlike a hydroelectric dam, a tidal dam must allow water to flow
in both directions, although typically it only collects the energy of the estuary's flow from
high to low tide. Tidal dam technology is well developed, and offers enormous potential in
some areas. Tidal dams have been shown to be potentially destructive to the marine
environment. More recent innovations include the tidal fence and the tidal turbine, which
allow the use of currents synchronized with tidal currents. Tidal barriers consist of turbines
that extend completely across a channel where the tidal current is regulated by relatively
fast currents. These turbines are designed to allow fish, water and sediment to pass through
the channel (Osborne, 1998). Tidal turbines, also installed in channels with tidal currents,
are similar to underwater wind turbines and require flow velocities of 2 to 3 m/s; at lower
speeds, energy extraction from this flow is uneconomical, while higher speeds can damage
the turbines.

The first and largest operational tidal dam power plant in the world, built in the early 1960s,
is the La Rance power plant on the Brittany coast of northern France. Using a tidal height
of 2.4 m at the mouth of the estuary, it produces 240 MW of electricity. Other operational
tidal dams are at Kislaya in Russia, Jiangxia in China, and Annapolis in Canada (Hammons,
1993). There are not many commercial tidal dams, but Blue Energy Canada hopes to
develop them in the near future. The first commercial tidal dam investment is planned for
Southeast Asia, particularly the Philippines. The site, with a maximum tidal current of
about 4 m/s, has a maximum capacity of 2200 MW, with a daily average of 1100 MW. As
part of a larger proposed project, the BOOT-project could help meet the Philippines' surplus
electricity needs and export electricity (Osborne, 1998). They are not yet in the commercial
development phase. The industry leader in tidal turbine research is Marine Current
Turbines, Inc., and the commercial development plan began in 2004 after the completion
of the original research and development effort (MCTL, 2002).
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3.3.1 Potential

It is estimated that the UK can generate up to 50 TWh/year of energy from tidal power
plants, while Western Europe as a whole could generate around 105 million megawatt
(TWh)/year. The total estimated worldwide potential is around 500-1000 TWh/year,
although it is likely that only a fraction of this energy is exploited due to economic
constraints (Hammons, 1993). The availability of tidal power is highly site-specific, with
tidal range being determined by factors such as seabed stratification and channeling in
estuaries, reflections from large peninsulas, and resonance effects when the tidal range is
about 4 times the length of the estuary, such as the average tidal range of 11 m in the Bay
of Fundy in Canada. Therefore, tidal fences and turbines can be installed wherever tidal
currents and topographic constraints create currents with speeds of 2 m/s or more (Frau,
1993).

3.3.2 Environmental impacts

Tidal power plants in estuaries pose many environmental threats, as do large dams. By
altering the flow of saltwater into and out of estuaries, tidal power plants can affect the
hydrology and salinity of these sensitive environments. Estuaries act as nurseries for many
marine organisms and also provide a unique and irreplaceable habitat for estuarine
organisms, and the alteration of these habitats by the construction of large tidal power plants
should be avoided. During the construction phase of the La Rance tidal power plant, the
estuary was completely closed off from the ocean for 2 to 3 years, and it took a long time
for the estuary to reach a new ecological equilibrium. The changes caused by the dam
included a reduction in the tidal zone, slower currents, a decrease in the salinity range, and
changes in deep-water characteristics, leading to changes in the marine community (Frau,
1993). In fact, in the future, any new tidal dams should be designed to avoid closing the
estuary to the ocean during construction, and these plants should not be built until a
thorough environmental assessment has been conducted and minimal impact on marine
ecosystems has been demonstrated.

Tidal barriers and tidal turbines are probably safer for the environment (Frau, 1993). Tidal
barriers may have some negative environmental effects, as they block channels and make
it difficult for fish and wildlife to pass through them. However, Blue Energy claims that
the slow motion of the turbines allows fish and water to move freely through the structures,
and has no effect on silt transport. In long-term situations, some fish kills are inevitable,
but by engineering the fences and adjusting the distances between the walls and the rotating
plate, fish passage is allowed, and by reducing the turbine speed to 25-50 rpm, fish
mortality is minimized. Marine mammals are protected by a fence that keeps larger animals
away from the structure and the sonar sensor system, which is turned off when a marine
mammal is detected. These tidal fences do not change the timing or amplitude of the tides
(Pelc and Fujita, 2002).

Tidal turbines could be the most environmentally friendly option for generating tidal
energy. They do not block channels or estuaries, disrupt fish migration, or alter the
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hydrology of the area (Osborne, 1998). Tidal turbines and barriers may provide significant
generating capacity without major impacts on the ocean, whereas tidal dams are likely to
be very destructive to marine ecosystems. Research into tidal energy should focus on
turbines, barriers, and similar technologies. These projects should be constructed and
operated in such a way that major channels for aquatic migration are open. Turbines should
operate slowly enough to minimize fish mortality and have little impact on nutrient and
sediment transport. Tidal barriers should be built across narrow channels, but not block an
entire bay or channel (Pelc and Fujita, 2002).

3.4. Offshore wind

Wind energy has received much attention as one of the most common and promising
economic technologies for generating clean electricity. Wind energy is one of the cleanest
forms of energy available, and can now be cost-competitive with fossil fuels depending on
location. While most research and promotion of wind energy has focused on land-based
sites, interest in offshore wind energy is growing. Very strong winds blow regularly over
the oceans, and they have higher speeds and less rotation than onshore winds, and access
to ocean wind is not a problem. The design of offshore wind power is very similar to that
of onshore windmills. Therefore, the technology is now well-developed. Unlike onshore
wind farms, offshore wind farms require high-voltage cables from the windmills to the
shore to transmit electricity. In addition to transferring energy to shore, the main technical
challenge in developing offshore wind resources is creating foundations that are strong
enough to withstand harsh ocean environments and severe storms, and the economic
challenge is transporting these foundations and anchoring them offshore.

The majority of offshore wind power development is in Denmark, which is planning to
generate 40% of its electricity from wind power by 2030, mainly from offshore wind farms.
Denmark has built two successful 5 MW pilot wind farms, at Tuno Knob and Vindeby
(Gaudiosi, 1999). Several other northern European nations have also shown interest in
investing in large offshore wind farms. The Netherlands has built two wind farms and plans
to build a third park of 100 turbines, which would generate enough electricity for 100,000
households. Sweden also has a wind farm of 500 x 5 kW turbines, and Swedish companies
are planning to build 48 MW wind farms and possibly a park with a capacity of 750 MW.
The UK is also planning to exploit the enormous potential of offshore wind energy
(Greenpeace, 1999).

Currently, offshore wind power is still more expensive than onshore wind or fossil fuels,
but these costs are falling and in many places, the cost of offshore wind is approaching
economically feasible rates. These costs are expected to fall further in the coming years, to
be on par with the costs of onshore wind and natural gas (Gaudiosi, 1999). New wind farms
planned for Denmark will be three times more cost-effective than pilot plants, using
turbines of up to 1.5 MW. These farms will include 100 or more of these turbines, and will
take advantage of economies of scale and the cost savings of submarine cables to transmit
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power to shore (Greenpeace, 1999), which account for more than a quarter of the cost of
offshore wind farms.

Building robust foundations that can be transported to or built at sea and that can withstand
the many challenges of the marine environment is one of the most difficult and expensive
aspects of developing offshore wind energy. The Danish Energy Agency has discovered
that by using steel, which is lighter and easier to transport than the concrete currently used,
foundation costs can be reduced by up to a third. This has a significant impact on the overall
costs of these turbines, as foundation costs account for 23 to 30 percent of the total cost.

Recent engineering studies suggest that turbines may be economically built in water depths
of up to 15 m, allowing the use of a wider area of ocean (Greenpeace, 1999). In deeper
water, winds develop more strongly, thus allowing the production of more power with the
same power plant. Over time, with economies of scale and further optimization of offshore
technology, their cost could be comparable to fossil fuel power plants.

3.4.1 Potential

There is a relatively large potential for offshore wind and many sites. It has been estimated
that wind farms around the world may have the potential to generate more than 1,000
TWhl/year of offshore wind electricity, with the greatest capacity off the coast of Northern
Europe (Gaudiosi, 1996). This technology could significantly improve the economics of
power plants by reducing the costs of connecting them to the ground. Models show that
combined wind and wave power plants will be more economically efficient,
environmentally safer and more reliable than separate plants (Lakkoju, 1996).

Offshore wind power is likely to increase significantly in the next few decades. Denmark,
Germany, the Netherlands, Norway, Sweden and the United Kingdom are researching
larger-scale offshore applications. While onshore wind power has been more widely tested
and generally requires less investment, offshore wind energy has received more attention
for a variety of reasons. The offshore wind potential is vast. Wind speeds over the ocean
are up to 20 percent higher than those over land. Since power varies with the cube of the
wind speed, offshore potential has a large increase of up to 70 percent over onshore
potential. Wind power is more reliable if it is not blocked by hills, tall buildings, or other
obstacles. In addition, many of the Nordic countries that are investing in offshore wind
power have large populations and insufficient land for wind farms (Greenpeace, 1999).

3.4.2 Environmental impacts

The potential impacts of offshore wind on the environment include its effects on fisheries,
seabed organisms and migratory birds. In addition, vibrations from these windmills can
disturb marine mammals. At present, there is no evidence of harmful effects of offshore
wind turbines, but there have been few studies of environmental impacts. For offshore wind
farms, and indeed if the farms are not visible from the shore, the visual impact and noise
pollution will be minor (DEA, 1999). While many wind farms to date have been located
very close to the shore in shallow water, it is expected that as the economics of offshore
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wind farms improve, future wind farms will be built further offshore and in deeper water,
where visual and noise impacts will be greatly reduced (Gaudiosi, 1996).

In general, one of the environmental drawbacks of wind power is its potential to kill birds.
By carefully positioning windmills and preventing birds from migrating along important
routes, this risk can be significantly reduced. Experimental studies have found that diving
birds at Tuno Knob in Denmark are not frightened by wind farm sites (DEA, 1999;
Greenpeace, 1999). And bird mortality from collisions with windmills at Blythe Harbour,
England, is significantly lower than natural mortality (Percival, 2001). With careful
placement of these turbines to avoid harming local or migratory birds and fish, offshore
wind would be one of the most environmentally benign sources of ocean energy, having a
very small footprint, not affecting currents, waves or tidal currents, and not mixing fluids
or changing the temperature of the surrounding waters (Gaudiosi, 1996).

Conclusion

These technologies for OTEC, wave, intermittent tidal, and offshore wind energy are still
relatively new. More research is needed on the environmental impacts as well as the
economic feasibility of ocean renewable energy projects. However, research has shown
that these technologies remain promising, and further research and development, by
reducing dependence on fossil fuels, could help solve one of the most serious
environmental and social threats, climate change. However, every energy technology has
environmental impacts. While fossil fuel power plants, regardless of their size and location,
contribute to pollution and global warming, the impacts of various renewable energy
technologies are highly dependent on the specific location and size. Careful site selection
is crucial because it can withstand the environmental changes caused by power plants and
allow the technology to be deployed without significantly harming the ocean. As with any
useful new technology, it is best to continue research efforts, and to proceed cautiously,
prioritizing the health of the marine environment while simultaneously producing clean
energy.
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