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Abstract

It is a consensus to widespread use of renewahlecss for disposal of environmental
impact caused by fossil fuel consumption, and mareto remedy of fossil fuels depletion.
Wave power is a renewable kind of energy. Worldwpd¢éential for wave power is
enormous. Ocean appears to be an important soufeeawe energy. Various systems are
developed and some new projects are implementedi®subject. Therefore, in this study
has been presented the wave energy conversionrsystedetail with a classification and
various aspects.
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1LINTRODUCTION

Everyone is responsive to the problems caused loyeasing world

population, steadily growing and diversified congtion habits. Changing
life style influences electricity and energy congtion per person, which
plays an important role to depletion of fossil &jebnd some negative
environmental impacts of fossil fuel use (greenkoeiect, acid rain etc).
Diversification of energy sources, and increasisg of renewables with
minimum negative environmental impacts seem to Ipdaasible solution

for providing sustainable life-cycle and continuan@rovement.

Approximately three-quarters of the earth’s surface covered by lakes,
seas, and oceans, which offer various renewablegiseurces. Generally,
the energy potentials of marine are classifiedive fjroups: wave energy,
tidal energy, ocean thermal energy, ocean curreergy, and salinity
gradient energy [1]. In other classification, tharme (ocean) energy can be
divided into two types; thermal energy from the'sureat, and mechanical
energy from the tides and waves [2, 3]. The shea warms the surface
water a lot more than the deep ocean water, asdehiperature difference
creates thermal energy. Formation of ocean mechlaarergy is different
from ocean thermal energy. Tides are driven prilpdny the gravitational
pull of the moon, and waves are driven primarily the winds. The
electricity conversion of both tidal and wave ernyengsually involves
mechanical devices [3].

Wave, tidal and ocean energy technologies are haginning to reach
viability as potential commercial power sources. [Renewable energy
analysis show there is enough energy in the ocearesvto provide up to
two terawatts of instantaneous electricity, which twice the electric
generating capacity currently available throughtbetworld [5]. Electricity

power generation from wave has a large potentiatdotribute to our

electric energy production, and today, many wawegsqrojects are close
to be commercialized [6].
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The wave energy conversion subject is new, esseatid in development
stage. Researches on this subject are increasirec@mt years. Therefore,
this study focuses on wave energy. The various veagrgy Conversion
Systems are presented with the consideration derdiit aspects, a
classification relevant to the topic. Moreover, tlavantages and
disadvantages of the Systems are mentioned.

2. WAVE ENERGY

Wind generated waves starts to develop at winddspetapproximately 1
m/s at the surface, where the wind energy is pardigsformed into wave
energy by surface shear [7]. The formulation of ghgpagation of waves is
based on the study of D'Alembert who introduced fir& linear wave

equation. The first order descriptions of water @sawas initially obtained
by George Biddell Airy. Therefore this is known thg Airy wave theory.

Further developments were analyzed by Sir Georg&eStto adequately
describe waves with increased steepness ratiogdtizeof a wave's height to
its length), and a new theory the Cnoidal wave thewas developed to
accurately describe shallow water waves [8]

Linear wave theory is the core theory of oceanamarfvaves [9]. According
to this theory, wave power could be determined hyavheight, wave
lenght, and water density. This mathematically ddaé described as in [10,
11]
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P= ﬂ hZT
64

(1)

Where P is the wave energy flux per unit wave dezgjth (kW/m);p the
mass density of the water (kglyng the gravitational acceleration (f)/sh
the wave height (m); T is wave period (S).

The design of ocean wave energy converters is basdtie utilization of
either the speed of the seawater, the changesiwdve surface angle, or
the changes in the hydrostatic or total hydrodymapnessure of the waves
[12]. There are mainly three types of wave energy coimvetgchnologies;

-One type uses floats, buoys, or pitching devicegye¢nerate electricity
using the rise and fall of ocean swells to drivdraylic pumps.

-A second type uses oscillating water column (OVd€Yices to generate
electricity at the shore using the rise and fallaiter within a cylindrical
shaft. The rising water drives air out of the tdphe shaft, powering an air-
driven turbine.

-Third type is a tapered channel, or overtoppingaiecan be located either
on or offshore. They concentrate waves and driwntlinto an elevated
reservoir, where power is then generated usingdpawer turbines as the
water is released. The vast majority of recentlgppsed wave energy
projects would use offshore floats, buoys or pitghilevices [13]

28



Mikrimin Sevket GUNEY

2.1 Classification of conversion systems

The sea wave’s motion can be converted into mechhenergy by using
proper wave power mechanisms. There are curremitbutad0 types of
mechanisms for exploiting the energy available aves, several of which
are now being constructed [14]. There is a largmlmer of concepts for
wave energy conversion; over 1000 wave energy asiore techniques
have been patented in Japan, North America, anopeJd5, 16]

The mechanical power created from these systeinsraiirectly activates a
generator or transfers to a working fluid, wateraw, which then drives a
turbine/generator [1]. These devices are genecatggorized by location
installed and power take-off system [14, .16hese mechanisms can be
lying on the bottom of the sea, on the shorelind an sea level [14].
Locations are shoreline, nearshore and offshoreveédmergy conversion
(WEC) systems can be classified according to tHeviing criteria [17].
-According to the installation site as onshore, hams-nearshore, and
nearshore-offshore

-According to the energy capture system as turkdniving fluid may be
water, oil, or air) based, and motion (linear datimonal) mechanism based
systems.

-According to operation principle (power take-oféahanism) as
Overtopping devices, Oscilating water columns, Afal/e-activated bodies
Figure 1 [18, 19].
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ST

(a) (c)
Figure 1: Classification of wave energy device} Mave activated bodies,
b)Overtopping devices , ¢) Osciligtivater columns]

Classification based on power take-off mechanisoh dascription of these
systems is following presented.

2.2 Overtopping (wave dragon) system

These kinds of devices operate with the princigléhe difference between

the levels of the wave crest and the wave trougle. difference between the
water levels in the basin and the sea is usedhygeokinetic or a low-head

turbine [12]. Wave Dragon is a simple constructama only the turbines are
the moving parts [14]. This is similar to the tigalergy Conversion System.
They are entitled as well as channel device ort&gpehannel.

Channels may be used near the shore to the wavgyemto an elevated
reservoir. Then as the water flows back out of thservoir a standard
hydroelectric water turbine is used to generatetebity, Figure 2a [4]In

the tapered channel application, the waves areedutrough a tapered
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channel, Figure 2b [15, 16]. Overtopping devicevales ocean waves to a
reservoir above sea level where water is let awiuigh a number of turbines
and in this way transformed into electricity, Figc [20]. Figure 2d shows
a photograph of the Wave Dragon system [14].

overtopping
reservoir

turbine Youtlet

a. Channel System c¢. Overtopping principal

b. Tapered channel principal d. Wavadon system nearshore

Figure 2: Overtopping (tapered channel) wave en@gyversion System
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2.3 Oscillating water column

This system consists of a chamber built in shoeetiost, Figure 3a [14An
oscillating water column (OWC) is a partially subged, hollow structure
that is installed in the ocean [2T]he motions of ocean waves, which create
a column of water, push an air pocket up and da®#j. [The pushed air
drives a turbine and conversion system to genefatricity. Air is forced
out of the column as a wave rises and fresh arawn in as the wave falls.
This movement of air turns a Wells turbine at thye of the column, Figure
3b [23].

There is an air tank above sea level. As waves mpvand down, the air is
compressed and then drawn back to drive a turldi6g The air tank has a
chamber with one end open to the sea the othevemed to an air turbine
[24]. As the waves rises within the Oscillating WaColumns, it replicates
the action of a piston, driving a column of air atheof it and past the
turbine. As the wave recedes the opposite effeaxigerienced. Air is

sucked back into the OWC and past the turbine, rEigdc [25]. The

movement of air through a system of valves drives rotating motion of

the air turbine, which is located in an apertureéamof the chamber [12].

The OWC concept has been extensively studied dwedast thirty years

and proved the extraction of energy under reaksaditions. The shoreline
location means a lower level of energy resourcatdirthe installation of

large numbers of devices [26]. Moreover, this pnaticrsystem can be very
noisy unless a silencer [14].
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a.Oscillating column of water system principal. Gscillating column system schematic
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c.System schematic for two way turbine function
Figure 3: Oscillating water column system

2.4 Wave activated solid bodies with buoys

Main equipment of this system is floating buoys,iskihcan be divided
into horizontal and vertical types. Buoys systenam te suitable for
onshore and particularly offshore applications o&ver power into
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electricity. There are various types of the wavévated solid bodies
systems, which are classified and presented below.

2.4.1 Horizontal buoys

Buoys are mounted with hinges on the seabed. Mokbgzontal buoys

uses semi-submerged cylinders linked by hingedtgoitnside each

cylinder, there is a hydraulic ram which pumps kgassure oil through

hydraulic motors. The hydraulic motors in turivdrelectrical generators
inside the cylinder. Many of these cylinders carcbmbined and then the
energy can be fed to an underground sea cable ackl tb shore [4].

Horizontal buoys can be categorized into bottomtape hinged system.

2.4.1.1 Bottom hinged flap model

The bottom hinged flap model has been given intfeord side view in
Figure 4[27].

B

X

Cylindrical buoy

Shaft

a.Side view b.Front view

Figure 4 The bottom hinged flap model

Fixed type pendulum wave energy converter is a kihdhovable body
type wave energy converter, which has high eneoywersion efficiency
[28]. The movement of the flap can drive a hydm@agiistons which push
high pressure water onshore via a subsea pipaigkite a conventional
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hydro-electric turbing29] Figure 5 [30], an air compressor via the gear
transmission system Figure B1], or a flywheel system via freewheel
mechanism with gear box and generator, Figure ¥ [32

OYSTER*WAVE

ENERGY CONVERTER. HYDROELECTRIC
POWER CONVERSION PLANT,
o

Gear system

7
Piston-type B
A-COMPIessor %

Incident wave
—

e

Pendulum flap —

._—//

Figure 6 Compressed air generation system withydandtype wave energy converter
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Buoy

Wave

Flywheel

Figure 7 Flywheel system wave energy converter

2.4.1.2 Top-hinged flap model

This system is implemented two distinct forms ahlleespectively
pendulum flap and wave clapper. Flap pendulum systensist of a
parallelepiped concrete box, which is open to #eea one end, as shown
in Figure 8 [14].
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Figure 8 Pendulum flap system

The Wave Clapper is designed for places with spasteictions (not enough
space to implement the large-scale floaters). Stapk form of Wave

Clapper enables to put the floaters with very smspkces between one
another and prevent the need in safe gaps betweefidaters, Figure 9
[33].

Figure 9 Pendulum wave clapper system
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A typical sample of a horizontal buoy is the Pelmvave energy
converter. In Pelamis sea snake system, semi-sglech@ylinders linked
by hinged joints Figure 1/84][71, 35, 36]

iy
” I R N
ﬂ’ﬁ‘ﬂ’ﬂ‘

Figure 10. Pelamis wave energy converter
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2.4.2 Vertical buoys system

Vertical buoys can also be used in a similar mamnmenove a piston up
and down which contains a permanent magnet. Thenebag surrounded
by a copper wire coil. As the magnet moves back fanith through the

coil an electric current is automatically generatétbating buoys can
generate energy from the bobbing or pitching motiansed by the waves
[4]. This system consists of two buoys (two flagticylindrical tanks)

[37]. The current is produced directly without theed of a generator by
vertical buoys system [4].

A pendulum mass hanging beneath a spring movesyahtial up and
down. This mass drives the direct-connected maghatsare inducing an
electrical current while moving through the induxte coils, Figure 1la
[38]. This system doesn’t need the use of pneumatid hydraulic
conversion steps, Figure 11b [39, 40].
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Figure 11 Vertical buoys with direct magnet system

There ar many other applications in vertical budgs wave energy
conversion such as PowerBuoy, which consist ofoatflspar, and heavy
plate as shown schematically in Figure 12 [41, 4R float moves up and
down the spar in response to the motion of the waVée heavy plate
maintains the spar in a relatively stationary positThe relative motion of

41



Wave Energy Conversion Systems

the float with respect to the spar drives a medasiystem contained in the
spar that converts the linear motion of the flodb ia rotary one. The rotary

motion drives electrical generators that producectakcity which
transmitted due to submarine electric cable [41]
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Figure 12 Schematic of Powerbuoy for utility prdjec
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3.DISCUSSION

All wave energy installations are comprised of ¢hfendamental parts: the
working medium, the power converter, or power take-and the mooring

system. The working medium is in immediate contaith the water and

performs movements. The working medium transforhes énergy of the

water into some other kind of energy, making it emoonvenient for further

conversion. The power take-off is designed to canwhe energy

accumulated by the working medium into the kindeakrgy suitable for

transmission over distance, or for immediate uge. Mooring system keeps
the wave energy converter in place [12]. A variefytechnologies have

been proposed to capture the energy from wavesevenweach is in too

early a stage of development to predict which tetdgy would be most

prevalent in future commercialization. It seems enoritical to investigate

of offshore applications of developping Technolsgievhich can be

classified as terminators, attenuators, point d#ssr and overtopping
devices [43].

Deploying WECSs in off-shore locations introducesfiaral structures in the
ocean topography. It has also been observed tka¥MBCs can actually
reduce shore erosions as they take the energyf the vaves as they reach
the shore and waves are available almost all the [#4].

OWC system transmits the wave elevation to pressuon of the air.
Pressurized air drives a turbine-generator for tetsy production.
Turbine-generator parts are similar to wind eneogyversion system.
There is two-stage energy conversion in OWC systéemce, total system
efficiency is influenced in two different stagesjeois during conversion
from water column to air, and the other is fromssteized air to electricity.
Special turbines are generally used in these sgsseroh as Wells turbine.
Air is considered a compressible gas. This can $eswe unstable behavior
of energy form which is referring to the turbin8ome special precautions
should be taken carefully to capture air into th&tem and cycle continuity.
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There is not a space requirement in valuable cbasth terrestrial areas
because the system is settled to the sea. Thensyseems maintenance
easier and less costs because of absence of cotypdexd simple and

robust mechanical parts. Moving parts are housesiade of the water. This

can cause a greater lifetime of the material. Bystem can be built near
shore for easy access to the power grid and fonterance.

There is a certain affinity between the overtoppsggtem and tidal energy
conversion system. Low-head turbines are geneusgd in Overtopping
system. Water is primarily deposited in dam-likeustures. Thus there is
the potential energy stored. This potential enexfyyvater drives turbines
and combined generators for electricity producti®he most important
issue that must be eliminated is to find the slgtabater basins areas.
Resemblance of Overtopping system to the classdrohglectric plants

seems to be an important advantages. The technidoggod known and

with solved problems.

Buoyancy force/oscillating body systems are subgeetific which was
developed only for wave energy conversion.  Thigversion system
emerges in different variations. It is possible ®ectricity production is
directly due to dynamos which sense up and downemewt of the wave
such as Brandl generator. This up and down movemeayt be taken by
worm gear-pinion which converts linear forces ttational movement. Due
the rotatioanal achs it is possible to drive a emtonal generator.
Moreover, hydraulic linear actuator can be usegressurize hydraulic
fluid which can drive a hydraulic motor combinedasdical generator.
However, special care should be taken for operagiod maintenance if
hydraulic systems are used as intermediate comverbe addition, it is
possible to pump the water to a higher level thaaksydraulic actuator.

The conversion of ocean waves into low-cost eleityrihas enormous
potential, but with some uncertainties. Therefdris, essential to predict the
potential environmental impacts. The following esagions are underlined
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by Scientists during the study of impacts of wawvesrgy conversion
systems [45, 46, 47].

-Waves, streams and physical impacts on littoeadgport
-Elektromagnetic field effect and changes in migrain fish types
-Habitat effect

-Fouling community effects and interactions

-Aggregation effects in pelagic environment

-Planktonic community

-Effect of Benthic disturbance and Benthic-pelagpapling
-Electromagnetic field effects on marine mammals$ seabirds, change in
migration entanglement.

-There could be significant wave reduction (10-168sulting from wave
energy production, with possible beach effects. (eltanges to sediment
transport processes.

-In the Pelagic Habitat, buoys will likely have animal impact on
phytoplankton, but positive effects (through agagtem) on forage fish
species

-Wave energy development can affect community siredor Fish and
Fisheries through changes in species compositidrpeedator effects (e.g.,
attraction of predators that were previously absent

-All devices can cause the seabed to be disruptelliling and running of
cables to the shoreline

-Sounds pollution

-New hard structures in pelagic and soft sedimautrenments

-Beach characteristics may affect beach spawngigé such as the Surf
Smelt or Night Smelt who spawn on the beach sloedgposit their eggs
beneath the surface of the sand.

-Displacement of safe transit lanes for ships.

The positive aspects of the wave energy can ledlss follows:
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- Water is capable of transferring a great dedliioétic energy as compared
to wind energy systems. Consequently even smaléveaergy devices are
capable of producing a great deal of energy.

-Wave energy devices are usually low profile andi@mot provide much of
a visual distraction if placed off-shore.

-A big advantage of wave energy is simply its pto&n Our planet is
mostly ocean and so the capacity for waves asewane energy source is
enormous [4].

-Wave energy has no greenhouse gas emissions [48].

The negative aspects of wave energy can be gives as

-Wave energy has its share of challenges. Estalinsh of initial systems
shows some difficulties because ocean environmearts inherently
changeable.

-Wave energy device must be made incredibly durablerder to survive
harsh ocean conditions such as storms.

-They are either in the ocean or offshore which msethat any electricity
which is generated must be transferred, usuallyundersea cable back to
land where it can be used.

-The laying and maintenance of the electric cables add significantly to
both initial costs and maintenance costs [4].
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4. CONCLUSION

One of the most promising sustainable sources isewanergy [3].
Moreover, wave energy presents different optionseioergy conversion.
However, a lot of these options are in their depelent phase. Hence, some
difficulties, which must be eliminated, appear mitial phases. Many of
these existing technologies seem to be very comgumexexpensive devices
with a poor mass to output power ratio. In mosesashey are difficult to
scale down or use offshore and on shorelines [3je Tpotential
environmental impacts must be investigated withinb@ad frame.
Furthermore, it is difficult to keep it safety ixteeme weather conditions
such as storm and typhoon. Despite all thesegifittseigns may achieve the
disposal of the possible environmental impacts iasthllation difficulties,
utilization of wave energy can open the clean akwable way of the
relatively and substantially cover of world enedgficits.

REFERENCES
[1] Zabihian F., Fung A. S., Review of marineewable energies: Case
study of Iran,
Renewable and Sustainable Energy Revién20d11) 2461-2474
[2] http://www.renewableenergyworld.com/rea/tedean-energy
[3] http://www.energyquest.ca.gov/story/chaptentm|
[4] Wave and Tidal, Renewable Northwest Project,
http://www.rnp.org/sites/default/files/pdfs/Wave%d2@al%20FactSheet%?2

007April4.pdf

[5]

http://www.energysavers.gov/renewable energy/oasdex.cfm/mytopic=
50009

[6] Lejerskog E., Bostrom C., Hai L., , Waters,,RLeijon M.,
Experimental results on power absorption from aevaenergy converter at
the Lysekil wave energy research site, Renewabéedgyn/7 (2015) 9e14]
[7] Andersen T. L.; Frigaard, P., Lecture Notes the Course in Water
Wave Mechanics, Department of Civil Engineering, Ibdag
University.2012]

[8] http://large.stanford.edu/courses/2010/ptiBdhifaciol 17.06.2015]

48



Mikrimin Sevket GUNEY

[9] Krogstad H. E., Arntsen O. A., Linear Wavkebry Part A,
Norwegian University of Science and Technology,ntioeim, 2000 ]

[10] Goda Y. Random seas and design of maritimetires. World
Scientific; 2000

[11] Al-Habaibeh, A., Su D., Mc Cague J., Knight An innovative
approach for energy generation from waves, Enexwe€rsion and
Management 51 pp 1664-1668, 2010

[12] http://www.bellona.org/reports/1193843119.5

[13] http://www.rnp.org/node/wave-tidal-energehnology 15.06.2015
[14] Rodriques L. Power conversion systems foecteical energy
production, Department of electrical engineeringvéldJniversity, Lisbon,
http://www.icrepg.com/icrepq-08/380-leao.pdf 16A7BLY.

[15] Clément, A., McCullen, P., Falc’ao, A., Fatino, A., Gardner, F.,
Hammarlund, K., Lemonis, G., Lewis, T., Nielsen, Retroncini, S.,
Pontes, M.-T., Schild, B.-O., Sjostrom, P., SgreserC., and

Thorpe, T.Wave energy in Europe: current statuspemsipectivesRenew.
Sust.Energy Rev2002, 6(5), 405—-431.

[16] Drew B., Plummer A. R.,, Sahinkaya M.N., éview of wave energy
converter technology Department ofMechanical Engyiimg, University of
Bath, Bath, UK, 2009

[17] lglesias G., Alvares M., Garcia P., Wave gyetonverters, University
of Santiago de Compostela, Hydraulic Eng, EPS, Gasniyniv., s/n, Lugo
Spain]

[18 ] Waters R., Energy from Ocean Waves. Full S&perimental
Verification of a Wave Energy Converter. PhD thekigpsala University,
Division of Electricity, 2008.

[19] Lindroth S., Buoy and Generator InteractiorthMdcean Waves, PhD
Thesis from Faculty of Science and Technology, @fgp&niversity 2011
[20]
http://www.wavedragon.net/index.php?option=com_eot&task=view&id
=6.

[21] www.renet-eu-india.com/energywave.php

[22] www.esru.strath.ac.uk

[23] http://owcwaveenergy.weebly.com/

[24] http://www.towards-sustainability.co.uk/igsienergy/wave.html

49



Wave Energy Conversion Systems

[25] How Oceanlinx Wave Energy Works www.ocearlcom

[26] Gomes R.P.F, Henriques J.C.C, Gato L.M&c&o A.F.O.,
Hydrodynamic optimization of an axisymmetric floggioscillating water
column for wave energy conversion, Renewable Enédg{2012) 328339
[27] Qui S., Ye J., Wang D., Liang F., Experimén&udy on A
Pendulum Wave Energy Convert@hina Ocean EngVol. 27, No. 3, pp.
359 — 368

[28] Toyota K., Nagata S., Imai Y., Ono K., Setolgud., Energy
Conversion Characteristics on Floating Type PendulMyave Energy
Converter in Regular Waves, Proceedings of the Tywirst (2011)
International Offshore and Polar Engineering Caariee Maui, Hawaii,
USA, June 19-24, 2011

[29] http://www.aquamarinepower.com/technology/hoyster-wave-
power-works.aspx
[30]http://www.hydro-international.com/news/id3248-
Oyster_Wave_Power_Wins_Innovator_Of The_Year.html

[31] Ogai S.,, Umeda S., Ishida H., An experinaéstudy of compressed
air generation using a pendulum wave energy coanedt International
Conference on Hydrodynamics, October 11-15 Shan@hana 2011

[32] Larsson Kim, Investigation of a wave energyerter with a flywheel
and a corresponding generator design, Thesis éodelgree of Master of
Science in Electrical Engineering, Department oégy and Environment
Chalmers University of Technology, Goteburg Swegeh?2

[33] http://www.ecowavepower.com/products/.

[34] http://energybible.com/water_energy/wave energyesys.html
[35] https://sciencetechno.wordpress.com/2009/0&183pelamis-wave-
energy-converter-pelamis-dalga-enerji-ureteci/

[36] http://www.emec.org.uk/about-us/wave-cliepedamis-wave-power/
[37] http://www.engitek.com/ocean-energy-othedetand-waves-power-
generation-systems.html

[38] http://brandimotor.de/brandlgenerator.etm.h

[39] http://www.columbiapwr.com/technology.asp

[40] http://eecs.engr.oregonstate.edu/wesrf/gelogehtml

[41] http://www.oceanpowertechnologies.com/powerbuoy

50



Mikrimin Sevket GUNEY

[42]
http://staticl.squarespace.com/static/5492136 1 &AERI844f0/t/54aaf92
4e4b0a61122e378d7/1420491044038/OMAE_OPT+PowerBiysiém+L
evel+Design+Development+and+Validation+Methologureht2014.pdf
[44] Boehlert G.W., McMurray G. R., Tortorici C,Ecological Effects of
Wave Energy Development in the Pacific NorthweSdentific
Workshop, October 11-12, 2007, U.S. Departmentavh@erce National
Oceanic and Atmospheric Administration National MarFisheries
Service, 2007

[45] Argam |., Kashif S.A.R., Sagib M.A., Asad M.,, Wave electrical
energy systems: Implementation, challenges andramwiental issues,
Renewable and Sustainable Energy Reviews 40 (ZBGH268

[46] Ecological Effects of Wave Energy Developmienthe Pacific
Northwest, http://hmsc.oregonstate.edu/waveenergy/

[47] Development in the Pacific Northwest A Scifa Workshop,
October 11-12, 2007,
http://spo.nmfs.noaa.gov/tm/Wave%20Energy%20NOAAPR20for%20
web.pdf

[48] http://owcwaveenergy.weebly.com/

[49] http://www.appropedia.org/Wave_energy#Modéechnology

51



