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Abstract: Generating electricity from wave power has to
overcome the electricity need in coastal areas. The consumption
rate of conventional energy resources is much higher than the
replenishing rate. The depletion of fossil fuels has created a great
desire in searching for alternative energy sources. Harvesting of
alternative energy is a quite difficult and challenging task, most
importantly for harvesting wave energy. This review explained
Wave Energy Converter (WEC) and the different methods used in
the Wave Energy Harvesting process. Buoyancy force and wave
power calculation are identified. This method of energy harvesting
can rectify the energy shortage in coastal areas. Our intention is to
give an Eco-friendly and low-cost method to harvest energy from
nature.

Keywords: Buoyancy Force, Energy Depletion Wave Energy
Harvesting, WEC.

1. Introduction

The energy demand is continuously increasing worldwide
and conventional methods for power generation are causing
many Environmental issues such as global warming, acid rain,
and air pollution. Thus, the method of harvesting energy from
renewable energy sources such as waves can reduce the harmful
impact of such issues on the environment. The wave energy
harvester is basically an energy harvesting device, which is
used to harvest the energy from the waves. The Kkinetic energy
present in the waves caused due to air is converted into electric
energy. The conversion of electrical energy is done by using
WEC. In 1977 there was first wave power patent are filled.
Around 23 million people live in coastal areas due to the arid
interior of Australia. The large potential marine energy
resources are available in Australia due to high coastal lines.

Richard Manasseh et. al. [20] gives details about coastal
protection and energy expert in Australia. The ocean energy
conversion occurs due to seawater the temperature in the
tropical northeast of Australia. That’s the reason Australia an
ideal location for technology development.

In Adelaide, the wave rider company produces 500KW of
power using the Heaving buoy(array)device. Marine renewable
energy technologies are highly developed in Australia because
of the more coastal area. In Future the cost of electricity from
marine sources is higher than the present wind cost. More
companies are focused on testing and development of energy
from the ocean in Australia.

2. Energy harvesting

It’s the method of producing energy from solar, wind and
other conventional methods. By using conventional it will
harmful to the environment but wave energy is a vest and it not
harmful to the environment.

Shahrukh Adnan Khan et. al [1] have been reviewing the four
Energy harvesting technologies and gives the details of small-
scale Energy harvesting. Triboelectric Nano generator network
used on a large scale with estimated power output 1.15Mv from
1Km?water surface.

In Solar Energy Harvesting, the Lithium battery is used to
produce 53% and 83% of efficiency with 20Mv to 30Mv of
power. Super Capacitor based hybrid control system is used for
wind energy harvesting .it can charge 6v to 12v battery at low
wind speed.

Piezoelectric Energy harvesting uses Poly Zirconate Titanate
(PZT) and Poly Vinydene Flourideand (PVDF) to produce
electric power. PZT able to produce 150v with 80 MW of power
and PVDF able to produce 60v with 20 MW of power.

Andreas Uihlein and DavideMagagna [2] have been
addressed the future cost of ocean energy for operation and
maintenance. Ocean energy is the future research and the
economic and social impacts were focused.

A. Benefits

Advantages of using wave energy over other methods as

follows:

1. By Comparing all renewable energy source Ocean waves
give the highest energy density [3]. Waves are formed due
to Temperature Gradient on the surface of the Ocean. the
solar energy intensity value of the vertical plane (2—
3kW/m?) is generated from 0.1-0.3kW/m? intensity of
Horizontal turbine below the water surface [4].

2. With less energy loss waves can travel large distances.
The Kinetic energy of the wave is converted into electrical
energy.

3. Comparing wind and solar energy devices, wave energy
converter produces up to 90% of power on the time [5].

B. Types of wave energy converters

1) Point absorber

It’s the type of WEC that harvest incoming wave energy
using up and down motion. The electricity generated from this
method by using vertical position floater.it can absorb wave
energy and converts electrical energy through linear
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generator.it can produce power up to 252MW.

Fuat Kara [6] use the latching control method to improve the
efficiency of WEC. By using the latching control, the point
absorber heaving high power from ocean waves through the
vertical cylinder.

Fig. 1. Point absorber device: Power buoy [23]

Latching control is a separate time control process. The
amplitude of wave power can be increased by using this
method.
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Fig. 2. Point absorber: Structure [24]

According to Athanasios Koliosa et. al. [7] the WEC floater
is prone to experience fatigue before the end of their nominal
service life.

Elie Al Shami et. al. [8] focused the one body and two body
absorbers. In one body point absorber, the distance between
floater and the bed is high. So, it will not give more efficiency.
the two-body point absorber can overcome this problem.

2) Attenuator

Attenuator lies on the surface of the ocean and parallel to
wave direction. Hydraulic pumps are used to generate
electricity through flexing motion. This flexing motion is
created by swells.

Fig. 3. Attenuator [25]

3) Oscillating water column

It’s one of the oldest methods of wave energy harvesting.
Due to the action of waves, the column gets oscillate inside the
chamber. Waves act like a piston to forces the column and it
moves up and down, due this electricity gets generated.
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Fig. 4. Oscillating water column [26]

J.C.C. Henriques et. al. [9] resulted in self-powered sensor
buoys are suited to long term condition in OWC compare to
point absorber. The conditions of the long-term monitor and
minimum maintenance of these sensors are well suited. For
large scale wave energy harvesting, OWC devices are used.

Marco Torresi et. al. [10] discuss these OWC devices are
used for harvesting the wave energy under the resonant
condition in the ocean.

4) Oscillating Wave Surge

It’s also known as Oyster Wave Energy Converter is a hydro-
electric wave energy device that uses the motion of ocean waves
to generate electricity.

As the wave hits the PCU and it creates a movement of back
and front, it will drive the by a hydraulic piston.

Due to the flow of this high-pressure water hydroelectric
turbine gets rotated and electricity produced.

Fouzi K.M. Rahuma, and O. Yaakob [11] developed a cost-
effective power for coastal areas through nearshore OWSC. The
average efficiency of OWSC is 37% and the efficiency of this
method improved by increasing the width of the device.

Matt Folley et. al. [12] discuss and compare shoreline and
pendulor OWC with OWSC. Resulted in the OSWC method is
more productive and construction cost is minimum.

Fig. 5. Oscillating Wave Surge [27]
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5) Over Topping Device

In this device, the electricity is produced using a hydro-
electric turbine. The high-velocity waves come on the top of the
device. It will go to the turbine with a high velocity. Finally, the
water comes to the reservoir.

Vidura et. al. [13] mentioned using overtopping device
produce 20KW of power in Pari island and power density
ranges of this island is 30-80 W/m3,

Sea Water "IN

y /N“ Water \’/\ :

Impoundment -
—

R

Fig. 6. Over Topping Device [28]

3. Wave power and efficiency

Wave power is a type of energy that is used to reduce
electrical energy from the kinetic energy of waves. CYJ.
Chen[14] gives the evaluation of the potential of wave power
and economic valuation of wave energy conversion facilities
for theoretically assessing the feasibility of energy from the
waves in the Ocean.

Pu= 0.0625pg H? C, (T, ha) 1)

Where Py, is the wave power (KW M™), p is the density of
water (1028 kg M %), g is the acceleration due to gravity (9.8
m s 72), H is the certain wave height, T, is wave energy is
tellurium period (second), hq is the water depth, and wave C g
is the group velocity (M S ).

And it will use to assessing the demand for energy feasible
from waves in the oceans.

Zhongyue Lu et. al. [15] uses a reversing wave energy
generating device. It will be used to achieve continuous rotary
motion through the irregular motion of wave energy for the
generator. The low time period of the wave can give more
output voltage. That can learn from his experiment.

Table 1
The output voltage for corresponding period of time [14]
S.No. | Time Period (s) | Voltage (V)
1 2 9
2 2.5 6
3 3 4
4 35 3
5 4 2

4. Rack and pinion mechanism

According to Srinivasan Chandrasekaran et. al. [16] wave
energy converters focus on using hydraulic and pneumatic
devices is very expensive and requires high maintenance. So,

using a mechanical component is an easy and simple
construction. Rack and Pinion mechanism is using to
converting the up and down motion into the rotary motion. the
floating buoy is connecting to the bottom end of the rack
support shaft, during the wave motion it will go up and down.
It will be connected to the pinion gear so; the electricity gets
generated and resulted in the absorbed power of buoy for 4.4m
diameter is 42 KW. The efficiency of the buoy is 21%.

5. Pawl and rachet mechanism

The purpose of this mechanism is to allow shaft rotation in
one direction and another direction is free rotation. The pawl is
a metal part, it will stop another direction of the rotating shaft.

Akash S. Ambavale et. al. [17] gives the pawl and ratchet
mechanism to the front axle wheel of the vehicle. It used to
prevent reverse motion.

Fig. 7. Pawl and Rachet Mechanism [29]

Lakshya Shrivastava et. al. [18] developed a mechanism of
pawl and ratchet, it can stop the Vehicle rolling back from hills
areas.

6. Gear train

A system of gears that transmit power from one shaft to
another.
There are four types of gear train:
1) Simple gear train
2) Compound gear train
3) Riveted gear train
4) Epicyclic gear train
e Simple gear has only one gear per shaft.
e The Compound gear train has two gears per
shaft.
e In Reverted gear train the input and output
gears are coaxial.
e Epicyclic gear train has one with a relative
motion of axes.
Radhakrishnan [19] gives the calculation for designing of
various gear train arrangement used for lifting weights and
loads.
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7. Buoyancy force
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Fig. 3. Floating object

“According to Archimedes Principle, the magnitude of the
buoyant force always equals the weight of the fluid displaced
by the object”

Sivakumar kuri [21] explained the law of buoyancy based on
the specific gravity of the body.

Law of buoyancy,
Fea 1/5, 3
where, Fg - Buoyancy force
Sq— Specific gravity
In this experiment the specific gravity is less, the buoyancy
force is high otherwise the specific gravity is high, the

buoyancy force is less.

8. Locations to WEC placed

Table 2
Converter located three different regions [30]

Location Depth of water | Wave length ()
(h-water depth)
Off Shore (deep water) >50 m h>0.51
Near Shore 10m to 25m h<0.05A
Shore line Near land 0.05L.<h<0.5)
9. Challenges

During harvesting energy from the wave, we would face
some problems. The design model of one WEC is different from
another. So the cost of design is high. Corrosion and Fatigue
failure occurs in the type of material used for WEC.
Environmental issues like turbine blades nares trucked by
marine mammals and fishes.

The Following problems are existed in WEC

e  Seasonal variations

e Survival ability

e Complex design

e Huge installation

¢ High maintenance cost

Angelica Felix [22] identified the challenges occurs during
the use of energy from the ocean waves. So, some challenges
are available in the wave energy conversion process. But
compared to other energy harvesting process it’s an easy one.

10. Conclusion

Wave Energy is an “Alternative Energy” that can also be
called as a “Renewable energy source”, as the Earth uses the
gravitational forces of both the moon and the sun every day to
move vast quantities of water around the oceans and seas
producing waves. The conventional energy resources which we
are consuming presently are replenishing at a much faster rate
than expected. The depletion of fossil fuels has created a great
desire in searching for alternative energy sources.

This review explained WEC and the different methods used
in the Wave Energy Harvesting process. Buoyancy force and
wave power calculation are identified. This method of energy
harvesting can rectify the energy shortage in coastal areas.

By considering the economical view this method is cheap and
best, it will not affect the environment. Conventional methods
of energy resources produce a harmful effect on the
environment and cost is high. By this depletion of energy
resources people are searching for some new energy source.
The Wave energy harvesting method will solve this problem
and overcome the energy needs in various countries.

References

[1] Md. Shahrukh Adnan Khan, Md. Tanbhir Hog A, H. M. Zadidul Karim,
Md. Khairul Alam, Masum Howlader, Rajprasad Kumar Rajkumar,
Energy Harvesting—Technical Analysis of Evolution, Control Strategies,
and Future Aspects, vol. 17, no. 2, June 2019

[2] Andreas Uihlein, Davide Magagna, Wave and tidal current energy — A
review of the current state of research beyond technology.

[3] Clément, A., McCullen, P., Falc™ao, A., Fiorentino, A., Gardner, F.,
Hammarlund, K., Lemonis, G., Lewis, T., Nielsen, K., Petroncini, S.,
Pontes, M.-T., Schild, B.-O., Sjostrém, P., Sgresen, H. C., and Thorpe. T,
Wave energy in Europe: current status and perspectives. Renew. Sust.
Energy Rev., 2002, 6(5), 405-431.

[4] Falnes, J. A review of wave-energy extraction. Mar. Struct., 2007, 20,
185-201.

[5] Pelc, R. and Fujita, R. M. Renewable energy from the ocean. Mar. Policy,
2002, 26(6), 471-479.

[6] Fuat Kara (2016) Point Absorber Wave Energy Converters in Regular and
Irregular Waves with Time Domain Analysis. Int J Marine Sci Ocean
Technol. 3(7), 74-85.

[7]1 Athanasios Kolios, Loris Francesco Di Maio, Lin Wang, Lin Cui, Qihu
Sheng, “Reliability assessment of point-absorber wave energy
converters”, Ocean Engineering 163 (2018) 40-50.

[8] Elie Al Shami, Ran Zhang and Xu Wang, Point Absorber Wave Energy
Harvesters: A Review of Recent Developments, Energies 2019, 12, 47.

[9] J.C.C. Henriques, J.C.C. Portillo, L.M.C. Gato, R.P.F. Gomes, D.N.
Ferreira, A.F.O. Falcao, Design of oscillating-water-column wave energy
converters with an application to self-powered sensor buoys, Energy 112
(2016) 852-867.

[10] Marco Torresi, Filippo Scarpetta, Giuseppina Martina, Pasquale F
Filianoti and Sergio M Camporeale, Numerical prediction of the natural
frequency of an Oscillating Water Column operating under resonant
conditions, The International Journal of Ocean and Climate Systems
2016, Vol. 7(3) 100-107.

[11] Fouzi K.M. Rahum, and O. Yaako, Power Extraction by a Nearshore
Oscillating Wave Surge Converter (OWSC), Journal of Advanced
Research in Fluid Mechanics and Thermal Sciences, Vol. 15, No. 1, pp.
28-34, 2015.

[12] Matt Folley, Trevor Whittaker and Max Osterried, “The Oscillating Wave
Surge Converter”.

[13] A.Vidura, et. al., “Ocean wave measurement and wave energy calculation
using overtopping power plant scheme,” 2020 IOP Conf. Ser.: Earth
Environ. Sci. 429 012047.



IJR

Volume-3, Issue-3, March-2020

)

International Journal of Research in Engineering, Science and Management

ESM www.ijresm.com | ISSN (Online): 2581-5792

77

[14]

[15]

[16]

[17]

[18]

[19]

[20]

C.Y.J. Chen (2016), Determination of the right wave by empirical
statistics: The wave energy resource assessment and the investigation of
existing marine and coastal potential compatibility, Journal of Ocean
Engineering and Science, 1 (2016), 284-288.

Zhongyue Lu, Jianzhong Shang, Zirong Luo, Chongfei Sun and Gewei
Chen, “Research on Efficiency of a Wave Energy Conversion System”,
Materials Science and Engineering, 307, (2018).

Srinivasan Chandrasekaran and Harender, “Power Generation Using
Mechanical Wave Energy Converter”, Volume 3, Number 1, 2012.
Yogesh Maske, Akash S. Ambavale, Mahesh S. Patole, Omkar A. Patil,
Jayesh B. Ahire, Analysis of Pawl Ratchet Mechanism in Heavy Vehicles,
International Research Journal of Engineering and Technology, Volume
4, Issue 5, May -2017.

Lakshya Shrivastava, Sumit Singh, Rahul Kushwah, Harsh Patidar,
“research on designing of automatic reverse wheel locking mechanism”,
International Research Journal of Engineering and Technology, Volume
5, Issue 4, April 2018.

Radhakrishnan, N. Gopi Krishna and S. R. V. Narasaiah,” Design and
Manufacturing of Gear Trains, Research J. Engineering and Tech., 8(4):
October-December 2017.

Richard Manasseh, Kathleen L Mclnnes and Mark A. Hemer, Pioneering
developments of marine renewable energy in Australia, The International
Journal of Ocean and Climate Systems 2017, Vol. 8(1) 50-67.

[21]

[22]

[23]

[24]

[25]
[26]

[27]
[28]
[29]

[30]

Mr. Sivakumar Kuri, The Law of Buoyancy Force, International Journal
of Engineering Research & Technology, Vol. 5, Issue 2, February-2016.
Angélica Felix, Jassiel V. Hernandez-Fontes, Débora Lithgow, Edgar
Mendoza, Gregorio Posada, Michael Ring and Rodolfo Silva, Wave
Energy in Tropical Regions: Deployment Challenges, Environmental and
Social Perspectives, J. Mar. Sci. Eng. 2019, 7, 219.

Point absorber device: Power buoy.
https://www.semanticscholar.org/paper/Modeling-and-simulation-of-a-
wave-energy-converter-Artal-Sevil-
Dominguez/19618723f732ad4ef18ba5f0ae7cc00b86a400dc/figure/
Point absorber: Structure.
https://kaankoca.wordpress.com/tag/point-absorbers/

Attenuator, https://images.app.goo.gl/7vu6Gprdy4QdsUtaA

Oscillating water column.

Auvailable from https://images.app.goo.gl/bo3cdgfaTMLKkHrYk9
Oscillating Wave Surge.
https://images.app.goo.gl/4XxZ20UGY|[d98dDg6

Over Topping Device.
https://images.app.goo.gl/KGKmvNK7Xin5QCiJ6

Pawl and Rachet Mechanism.
https://images.app.goo.gl/fdUkvP18NAM1bNy68
https://en.wikipedia.org/wiki/Wave_power



