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1.	Abstract
This report is to be used as advice on what steps should be taken when considering a future wave scheme project on the nearby coast given in the brief. 
This report will cover the basic principles of wave energy, how ocean waves are formed and how they can be used to produce electricity. The different classifications of wave technology will also be covered to demonstrate the different ways the energy can be converted.
The wide range of technologies used to produce electricity using wave energy as well as 
the detailed steps of each method used to achieve this will also be discussed further into 
the report. 
Each of these technologies will be critically evaluated on their stability as well as their viability dependant on a wide range of factors. A decision will be made based on these factors to determine which technology would be best suited for the site given. 
The potential costs associated with carrying out the project along with the environmental issues from implementing these technologies will also be discussed. 
Finally, advise and suggestions will be given based on the previous topics discussed as well as the reading material used.  
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2.	Introduction
Wave energy has been known as a clean source for energy and has been utilised alongside solar and wind energy. While wave energy is restricted to being implemented on nearby coastlines and offshore sites, there is a tremendous amount of potential energy available from the kinetic energy the ocean waves. This is especially true for the UK as it experiences strong prevailing winds stretching along the west coast of Scotland. [1]
Wave energy can be used for both local power generation and to contribute to the National Grid. Depending on the technology used, it may be viable to implement grid connections so that the community can benefit from any surplus electricity generated. 
Because of the large potential of using wave technology to generate electricity, a solution will be suggested by investigating the methods currently in use around the world and any future technologies that could be implemented.
 


3.	Principles of Wave Energy
Wave energy is the use of the ocean’s waves to drive turbines and generate electricity. Ocean waves are a result of travelling winds as well as gravitational forces from the earth and the moon, depending on the location and time of day. The strength of the prevailing winds can determine how much potential energy each wave contains as well as the total mass of water in a wave front. 
Because of this, these waves can be used to drive turbines either through direct contact, or indirectly by pushing air into a set of rotor blades which can turn a shaft. This also means that wave energy is a clean method of energy generation as no pollutants are created.
Unlike wind and solar, ocean waves cannot be used to constantly drive a turbine as there is a delay between each wave where there is nothing to drive the turbine other than the potential energy from the previous wave. This means that more rotations are needed for each individual wave for a better conversion of kinetic energy to electricity. This is so that it can still generate electricity with as little downtime as possible between each wave. [1]
[image: ]
Figure 1: The three main types of Wave capture devices
There are three main classifications for wave technologies. The first type of device is called a Point Absorber, which use multiple devices such as buoys or floats to capture a large width area of the oncoming wave front over a series of focus points.
The second type of device is called an Attenuator, also known as a Line Absorber. These devices capture power from the wave as it travels across the length of the system, reducing the total height of the wave. 
The third and final type of device is called a Terminator, which rely on capturing a large portion of the total oncoming wave all at once rather than using individual points. This degrades the power of the wave greatly as it passes while transferring the most kinetic energy
There are several different factors such as wave strength and the depth of nearby shores which can determine what type of system would be preferred. For example, Terminator systems can be implemented on coastlines or near shore while point absorbers are usually deployed offshore or near shore.

4.	Critical Evaluation of Available Technology
1. Oscillating Water Column
[image: Oscillating Wave Column]An Oscillating Water Column is an 
On-Shore/Near-Shore structure and is classified as a Terminator wave capture system. This system functions by using a wall which intersects the nearby water, creating a chamber with a pocket of air sitting on top of the water. This can be forced into a nearby turbine by an oncoming wave as the deep water below the wall will under and into the chamber, compacting the air pocket and driving the turbine. The water behind the wall will then travel out with the ocean current, pulling air back through the turbine in the opposite direction.Figure 2: Diagram of an Oscillating Water Column [3]

The advantages behind using an Oscillating Wave Column is that it is easy to access for operation and maintenance in case the generator or turbine needs to be repaired. The structure is also usually built to last up to 25 years and built to handle extreme weather conditions. The main disadvantage however is that it is heavily reliant on the oncoming waves being sufficient in power as it cannot be moved to a different location like a floating system. The structure could also be viewed as an eyesore depending on where it is constructed as some may prefer to preserve the coastal area for wildlife or tourism.
[image: https://www.thermalfluidscentral.org/encyclopedia/images/b/b7/TapChan_wave_energy_device.jpg]2. Tapered Channel
A Tapered Channel wave capture system is an On-Shore structure and is classified as a Terminator system. This system uses two walls to funnel an oncoming wave into a reservoir. The water in the reservoir will then flow into a turbine house and back into the ocean through an exit pipe.
The turbine is driven using the water flow as it exits the reservoir through the turbine house.Figure 3: Diagram of a Tapered Channel [4]

The advantages of using this system is that it is relatively easy to operate and perform repairs as it is an On-Shore structure. The system is also not reliant on waves with large pushing force like the Oscillating Water Column as it uses water flow to drive the turbine. However, some disadvantages are that the reservoir may collect debris which could damage the turbine. Metal bars can be used to protect the turbine from becoming damaged, but the debris will need to be cleaned out when necessary so that water flow is not obstructed. The system will also need to be constructed on a cliff face so that it can funnel the full height of the wave into the reservoir.


3. Overtopping Wave Capture
[image: Wave Capture Device]An Overtopping Wave Capture Device is a floating offshore structure and is classified as a Terminator system.
This system uses ramps to allow oncoming waves to travel up the structure and into an internal reservoir. The reservoir allows the water to exit back out into the ocean through an exit pipe with a turbine generator. 
This turbine is then driven by the water flow as it exits the reservoir.Figure 4: Diagram of an Overtopping Wave Capture Device [3]

The main advantages of using this system is that it is easy to relocate to another position and is also relatively cheaper to construct compared to other methods. The system also requires little operation and maintenance and can be left to run for long periods of time before it needs to be repaired.
However, some disadvantages include becoming a possible hazard to nearby boats. This can be avoided by tethering the structure to the seabed so that it is not taken by the ocean currents. 
The system is also more difficult to reach as a boat needs to be taken to reach the system for repairs. 
4. Pelamis
[image: http://coastalenergyandenvironment.web.unc.edu/files/2010/05/Attenuator-Wave.png]The Pelamis system is a floating offshore device and is classified as an Attenuator system. This system uses long, cylindrical devices affixed to each other in series to allow for flexibility, with one end being chained to the seabed. The system produces electricity by using the motion of the waves to drive the hydraulic pistons in each cylinder. The pistons then pump oil through hydraulic motors which then drive generators housed in each cylinder. The power is then transferred to shore using underwater cables laid along the seabed.Figure 5: Image of the Pelamis system [5]

The main advantages of using this system is that it is relatively cheap and easy to construct as the hydraulics and the generator are the main bulk of the costs. The system is also relatively easy to operate and maintain as it can be left to float unless there is a mechanical failure. However, the main disadvantages of using this system is that it can become a hazard to nearby boats if the tether breaks. If this were to occur, a response boat would need to be swiftly deployed to ensure that the device is not taken out to sea by the currents. The system can also be affect the surrounding wave climate as oncoming waves lose the majority of their power as they travel across the device.

	Technology
	1. Oscillating Water Column
	2. Tapered Channel
	3. Overtopping Wave Capture
	4. Pelamis

	Classification
	On-Shore/Near-Shore, Terminator
	On-Shore, Terminator
	Offshore, Terminator
	Offshore, Attenuator

	Function
	Wave flows into and out of vertical air chamber, air pressure drives turbine.
	Wave funnelled into reservoir, water travels through turbine house and back out to sea.
	Wave flows up the ramp and into internal reservoir, water exits out through a turbine.
	Wave flows into device, force drives hydraulic pistons & motors which drive generators.

	Advantages
	No pollutants created,
Easy Operation & Maintenance,
Lasts up to 25 years,
Extreme weather resistance,

	No pollutants created,
Easy Operation & Maintenance,
Lasts up to 25 years,
Extreme weather resistance,
Not reliant on wave strength
	No pollutants created,
Re-Deployable,
Relatively cheap to construct & maintain, 
Does not require a large area of land,
	No pollutants created,
Re-Deployable,
Relatively cheap to construct & maintain,
Does not require a large area of land, 

	Disadvantages
	Possible hazard to nearby boats,
May affect nearby wildlife,
May be seen as 
an eyesore,
Can affect nearby wave climate
	Possible hazard to nearby boats,
May affect nearby wildlife,
Must be constructed on cliff face, 
	Possible hazard to nearby boats,
May affect nearby wildlife,
Requires a tether to sea bed,
More difficult 
to access,
	Possible hazard to nearby boats,
May affect nearby wildlife,
Requires a tether to sea bed,
Significantly affects wave climate,
More difficult 
to access,



When comparing each of these technologies side by side, solutions 3 & 4 are more desirable as they can always be moved if the wave climates changes to an undesired state, unlike solutions 1 & 2 where the structure is permanent. However, solutions 1 & 2 are also more weather resistant and are able to withstand harsher conditions. They are also less of a hazard to nearby boats as they are built to the side and are not a direct obstruction.
Solution 2 is preferable when compared to Solution 1 as it is not as reliant on the strength contained in each wave to generate electricity. At the same time, solution 4 is preferable when compared to solution 3 as it takes up less space and is also more easily avoidable by boat traffic.
When comparing solutions 2 & 4 together, the latter is preferable as it is reversible, can be used to determine whether a more permanent solution is applicable and also does not affect the nearby coastal region.

5.	Evaluation of Technology Suitability 
There are several important factors to be taken into consideration when investigating which method is best suited for the application. These factors should be considered when conducting a feasibility study to ensure that the correct decisions are being made and that the selected scheme is viable. These factors include:
· Electricity Generated – Does the electricity generated make the project worthwhile? 
How quickly can the money spent on construction, operation & maintenance be reobtained? What is the total capacity of the system? What is the upper limit on the amount generated over time? What is the estimated electricity generated for the year? All of these need to be considered so that the project does not result in a net loss and so that it can meet demand from nearby settlements.
· Costs – What are the total costs associated with carrying out the project? Several different factors need to be taken into consideration when estimating the total costs such as the cost of equipment, building materials, hired staff, planning fees, laying grid connections, construction of the site, operating the site, routine maintenance, etc.
· Land permissions – Can permission be obtained from the owners? What do they require for your application to be accepted? If the landowners cannot be satisfied with the conditions proposed, then the project may not be able to proceed further.
· Grid connections – Will the system be connected to the grid or will it be stand alone? Depending on the technology used, a grid connection may be viable. If so, there may be a need to construct a substation to handle the transfer of electricity to the grid.
· Accessibility – Can the system be accessed via an existing road? If not, it may make operating the site and carrying out maintenance difficult. If the technology has been deployed offshore, used a boat to transport staff should be considered as well as how the technology would be moved to shore for repairs.
· Wildlife – Will nearby wildlife be affected? If so, the project may need to be adjusted so that any plants or animals affected are not harmed. There may be a scenario where the site may not be viable due to lack of space.
· Climate – Are there enough frequent waves for the system being considered? What is the average strength of each wave? What is the total depth of the area needed? Will the system be able to withstand extreme weather conditions? How long will the system last? These need to be considered when calculating total energy output as well as estimating the total lifespan of the system when properly maintained.
· Public satisfaction – Will the system be seen as an eyesore? Does the system generate large amounts of noise? Will the construction process disturb residents? These should be considered so that there are no complaints from residents as it could delay the project.
When all the above factors are considered, it will be clear which technology is applicable for the chosen area. These factors will also aid in future planning as the relative figures, such as costs & energy generation, will make it clear how much funding is required and how much time is needed for the scheme to be worthwhile.

6.	Costs & Environmental Issues
Because not much information is known about the location provided, it is difficult to give specific figures regarding the overall cost of the scheme as well as the overall energy output. Due to these circumstances, the main contributing factors behind how the cost would be calculated are explained below to give an idea as to how the figures can be obtained. These are heavily dependent on the site chosen as well as the technology being used.
· System Costs – This covers the cost of laying down wiring for grid connections for the scheme which can be relatively expensive. This also covers the cost of purchasing any specialty equipment needed and the fees for managing the project.
· Civil Costs – This covers the construction of important infrastructure such as reservoirs, turbine houses, inlet & outlet pipes, any necessary terraforming, etc. This also covers the cost of any pre-planning stages such as the feasibility study used to assess the viability of the scheme, acquiring permissions from any landowners, building access roads to the site during and after construction, purchasing building materials, etc. 
· Machinery Costs – This covers the cost of purchasing the necessary machinery & components that will be installed such as generators, turbines, gearboxes, hydraulics, 
valves, etc.
· Electrical Costs – This covers the cost of wiring between the equipment and the power supply being used, setting up control systems, laying grid connections and any network connections to allow the site to be monitored remotely, building & installing any necessary breaker boxes or transformers, etc.
· External Costs – This covers the fees from any third-party services involved during the project. This is usually done so that more staff are available to help oversee the project.
The environmental issues differ between each technology used as they affect the site and the surrounding area differently. For example, using an Oscillating Water Column or a Tapered Channel solution would permanently change the coastline as it would be built in the terrain. This would affect the nearby wildlife as they may choose to settle in different locations or move from the area completely. This would also affect the aesthetic appeal of the area and may want to be preserved by the local community.
However, the technologies used do share a common theme of being a clean source of energy as no pollutants are generated. This means that no harmful gases are emitted and no waste materials are created during the process. The technologies could also be used to solve environmental issues. For example, the Tapered channel solution can be used to collect incoming debris from ocean waves such as non-degradable plastics, which can then be recycled. Another example would be using the Pelamis system to mitigate the local wave climate and settle nearby waters for boats.



7.	Conclusion
After investigating the available technology being used and developed, a decision has been made by evaluating each solution based on the advantages and disadvantages of each system. Because of the different factors considered such as the suitability of the system and the possible costs & environmental concerns, the Pelamis system would be the preferred choice when considering the future implementation of wave technology on the site given.
[bookmark: _GoBack]The Pelamis system was chosen because it is relatively easy to implement, has less costs associated with constructing & maintaining the system and can be used to settle the surrounding waters as the waves which hit the system will decay in strength much quicker. The system can also be removed and redeployed to a different site if conditions change.

8.	References

[1]	Atomic Energy Research Establishment. Energy Technology Support Unit. "An Assessment of Renewable Energy for the UK". London : HMSO, 1994. pp. 91-105. ISBN: 0115153489.
[2]	John Twidell, Anthony D. Wier. "Renewable Energy Resources". London : Routledge, 2015. 
pp. 408-445. ISBN: 9780415584371.
[3]	Alternative Energy Tutorials. “Wave Energy Devices”. 2016. [Online]. Available: http://www.alternative-energy-tutorials.com/wave-energy/wave-energy-devices.html. [Accessed 10th November 2017].
[4]	Global Digital Central. “Power Generation from Waves”. 21st July 2010. [Online]. Available: https://www.thermalfluidscentral.org/encyclopedia/index.php/Power_Generation_from_Waves. [Accessed 10th November 2017].
[5]	Liz Guthrie. “Attenuators”. 22nd May 2010. [Online]. Available: http://coastalenergyandenvironment.web.unc.edu/ocean-energy-generating-technologies/wave-energy/the-pelamis-wave-energy-converter/. 
[Accessed 10th November 2017].



9.	Bibliography

	Eugene D. Coyle, Richard A. Simmons. “Understanding the Global Energy Crisis”. 
Ashland : Purdue University Press, 2014. pp. 102-111. ISBN: 1612493092.
	Arthur Pecher editor, Jens Peter Kofoed editor, SpringerLink (Online service). 
“Handbook of Ocean Wave Energy”. Cham : Springer International Publishing, 2017. 
Vol. 7. ISBN: 3319398891.
	Paul A. Lynn. “Electricity from Wave and Tide: An Introduction to Marine Energy”. 
West Sussex : Wiley, 2014. ISBN: 9929838902421.
	Energy Institute. “Marine Energy Factsheet”. February 2013. [Online]. Available: https://www.energyinst.org/_uploads/documents/DSI14.pdf. 
[Accessed 10th November 2017].
Bluebird Marine Systems Ltd. “Wave Power Energy Generation”. 2014. [Online]. Available: http://www.bluebird-electric.net/wave_power_energy_generation.htm. 
[Accessed 10th November 2017].
PelamisPower. “Pelamis Technology”. 2017. [Online]. Available: https://www.pelamiswave.com/pelamis-technology/. [Accessed 10th November 2017].


13

image3.gif
Turbine:
Chamber Generstor

‘Ocean Floor




image4.jpeg




image5.gif
Sea Water IN
P ~
Water
Impoundment

Reservoir

‘Sea Water “OUT" through Turbine




image6.png




image1.jpeg
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





image2.png




