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Abstract 

This report focuses more on the offshore wave energy resource but still discusses nearshore wave energy resource and evaluates al the possible kind of technology to generate electricity.	Comment by Andrew Thorn: You need to discuss the major findings in the abstract
Keywords: Wave, energy, offshore, nearshore






















Introduction

Ocean waves can be utilised to generate electricity by capturing the energy produced from the waves. Although, there are many concepts for over 200 years, the developments of schemes began to emerge in the 1970s. This form of renewable energy is considered as clean and has a few draw backs on the environment. As a result, it can be a promising way to produce electricity in the future. [2]
Wave energy’s technology is still being developed around the world, especially in areas where the wave climate is energetic. The wave climate energy can be determined as the distribution of wave height, wave length and direction averaged over a period in an area’s wave. In fact, it is also important to know the wave climate of an area because the wave climate also determines the effect of storms. In an area where there are strong offshore marine currents, the wave climate could be rather invariant and may be similar over large distances. However, nearshores, typically depends on the offshore wave climate which is cause by prevailing winds and storms. [28]
The World Energy Council has estimated the worldwide wave power resource to be equivalent to an annual available energy source of 29,500 TWh/yr (Thorpe, 1999). However, these estimates do not count for geographical, technical or economic constraints and the sum of energy that could be practically recovered will ultimately be an order of magnitude less. [27]
[image: ] 
[bookmark: _Hlk500198629][Figure 1] Global Offshore Annual Wave Power Level Distribution, source [27]	Comment by Andrew Thorn: You need to refer to this figure in the text.  What is its significance?


Figure 1 simply illustrates the annual wave power level around the world. This map also illustrates that Asia and Australasia has the largest quantity of wave energy. Compared to the Asia or Australasia, Europe has a small amount of wave energy. Countries such as, Ireland and Scotland in the United Kingdom has the most of this energy from this wave energy and performs well despite its small size.

According to the World Energy Resources (WER) 2013, wave energy has many important advantages over other energy sources, including the increase it gains in power over winter, when electricity demand peaks; low environmental costs and the ability of satellites to predict waves two days in advance. [31]




















wave energy	Comment by Andrew Thorn: Start each new subject area on a separate page

Typically, a basic wave is considered as a sinusoidal variation at the water surface elevation and it consists of a height, (H) which is the vertical distance from the wave crest to the trough. Trough being the lowest part of the wave between the crests. A wavelength, (L) which is the distance between two similar points of the wave and finally the wave period, (T) which is the time taken for the wave to repeat (Fig.2). 
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[bookmark: _Hlk500198656]               [Figure 2] Definition of wave parameters over a sinusoidal wave, source []	Comment by Andrew Thorn: Reference source

Physical Principles of wave energy
Generally, the ocean waves are generated by the wind passing over stretches of water. The precise mechanisms of the wind passing on the sea’s surface is still complex, and it is not yet fully understood. However, the three-main process that appear to be involved in this mechanism are one; the air flowing over the sea exerts a tangential stress on the water surface and this results in the formation and growth of waves. Secondly, the turbulent air flows close to the water surface and creates varying shear stresses and pressure fluctuations. As a result, these oscillations are in phase with already existing waves and develops more waves. Thirdly, after the waves have reached a certain size, the wind can then exert a stronger force on the up-wind of the wave, causing further wave growth. [1]





Measurement of Ocean Waves
The energy in ocean waves can vary depending on the measurement of the sea level. These measurements can also differ depending on the different times or dates, that the recording takes place. As a result, this leads to different values of H and T over a given area. Measurements of the ocean waves is a vital part of understanding the wave energy resource at any location. Even thought it is possible to predict or estimate the expected waves at a location by analysing other factories such as wave fields and modelling wave propagation, the measurements of the ocean waves are still very important to validate the rest of the factors. [12]


To calculate the amount of energy that can be produce or generated for any location, there must be some recordings to measure the sea states at the location over a year. From the recordings each wave is then characterised by their values of H and T and once this this done a statistical picture of the distribution of the wave conditions can be produced. The statistical picture or scatter diagram, gives the relative occurrences in parts per 1000 of the contributions of H(s) an T(e). [2]

[image: ]Table 1. Contains a summary of the available systems to measuring the ocean waves and explain the system’s key characteristics.
[bookmark: _Hlk500198675]Table 1. Wave measurement systems, source [12]


Wave energy technology	Comment by Andrew Thorn: Start on a new page

There are two types of structures developed to capture wave energy and they are floating structures and fixed structures. Both structures are designed to capture energy by intercepting the waves. Although, there is only two types of structures there are several wave energy concepts, some of these concepts were previously explained in the Systems to measuring the ocean waves section. [2]
All the wave energy converters can be classified in three class as shown in Fig.3. This classification is based on their geometry and orientation. The three class are point absorbers, attenuators and oscillating wave converters. [2]
Devices that are classed as point absorbers have small dimensions relative to the incident wave length, and are usually designed in such way that they absorb power from each wave as it floats on the water surface. This is done by having conversion mechanisms inside the device to convert the power produced. Like the point absorbers, attenuator devices also float on the water’s surface, but their principal axis are perpendicular to the wave direction. Thus, they capture energy from the motion of the two arms as each wave passes the arms move up and down causing Kinect energy. The last class is the oscillating wave converter and these devices are placed below the water surface. They produce energy from the current in the water which causes it to oscillate. [2]	Comment by Andrew Thorn: Selling

 [image: Image result for different types of wave energy converters]




[bookmark: _Hlk500198816] [Figure 3] Wave energy converters classification, source []	Comment by Andrew Thorn: Reference






Measuring the ocean waves
[bookmark: _Hlk500199243]Surface-Following Buoy

One of the most commonly used system to measuring ocean waves is the surface-following buoy as shown in Fig.4. Inside the buoys, the vertical motion of the ocean wave is measured using an accelerometer that can be integrated to provide a time-series of the water’s surface elevation. The recorded elevation can then be used to estimate the wave spectrum and the sea-state parameters. Some buoys can also contain instruments to measure the inclination of the buoy so that the direction of the waves can be inferred and used to produce a directional wave spectrum. The buoy itself sits on the sea surface and an anchor or a heavy plate attached to the buoy is dropped to sit on the sea floor. [12] One of the advantages of using wave measuring buoys is that, it is commonly used for a long time and thus it is well established in accuracy. However, one of its disadvantage is that they are relatively expensive system. Another disadvantage is its limitation of producing accurate measurements in strong currents and steep waves, simple because the buoy does not follow the water surface. [12]	Comment by Andrew Thorn: How does it produce electricity?

[image: Image result for surface following wave buoys]










[bookmark: _Hlk500198707][Figure 4] A surface-following wave measurement buoy, source [12]	Comment by Andrew Thorn: Reference


[image: ]
[Figure 5] A Sea Based surface-following wave buoy, source [12]	Comment by Andrew Thorn: Reference

Figures 5 illustrates that the surface following Buoy is a point absorber with a directly driven linear generator placed at the bottom of the sea. Thus, this device converts linear relative motion of the floating buoy into electrical power.









[bookmark: _Hlk500199280]Oscillating Water column

Another system that is used to measure ocean waves is the Oscillating water column as shown in Fig.6. This system produces energy by using an air turbine that collects the air flow from the waves. Thus, as the air flow that is trapped inside the column enters the wells turbine causing it to rotate and the wells turbine being connected to the generator causing it to rotate and produce electricity. [12]
One of the important factor when in designing this type of schemes is the dimensions of the pneumatic chamber to provide resonance with the incident sea state. Another factor that is also important is the relief valve that is used to avoid overpressure and stall conditions. This valve is designed to open and close in relation to the sea state. [12]	Comment by Andrew Thorn: How does this relate to wave energy?
[image: Related image]











[bookmark: _Hlk500198733][Figure 6] Oscillating water (OWC), source [32]





[image: Related image]







[Figure 7] Mutriku (OWC), source [34]

This scheme is a shore-based oscillating water column that is activate in different countries around the world. Mutriku Oscillating Water Column as shown in figure 5 breakwater is one of the plant in Spain is equipped with 16 WaveGen Wells turbines that is capable of producing 300kW. 
[image: Image result for oscillating water columns]











[Figure 8] The LIMPET device on island of Islay, source [35]

[bookmark: _Hlk500199302]Water Activated Device
[image: Image result for pelamis wave power]The LIMPET device as shown in figure 9 is another method that could be used to capture wave energy and convert it to electricity. This is one of the world’s first offshore device that successfully converted wave energy to electricity into the national grid. [36]
[Figure 9] The PELAMIS wave power, source [35]

This device floats along sea and it is designed to convert the wave energy into electricity by having several cylindrical sections hinged together. Thus, when the wave is developed and passes across the device, the wave induced motion of the cylinders is resisted at the joints by the hydraulics rams that pump high pressure oil through hydraulic motors via smoothing accumulators. As a result, the hydraulic motors drive electrical generators to produce electricity. [2]
[image: Image result for pelamis wave power]









[Figure 10] The LIMPET device on island of Islay, source [35]
[bookmark: _Hlk500199325]Overtopping Device

[image: ]The Wave Dragon is another system that could also be used to convert wave energy into electricity as shown in Fig.11. This device can convert wave energy to electricity because it is designed with a reservoir that captures the wave as it passes over the device. These ocean waves overtop a ramp and into the reservoir above the sea level. Thus, this creates a ‘head’ of water that can effectively be released downwards through turbines and as the water passes through the turbines, electricity is generated. [37] 

[bookmark: _Hlk500198759][Figure 11] The Wave Dragon Converter operational principle, source [37]

It is important to state that the reservoir only temporarily stores the overtopping waves before releasing it into the turbine chambers and use this mechanical wave energy and convert it to electricity. 
[image: Related image]








[Figure 12] A land-based radar system for measurement of waves Source [38]

Wave Motion	Comment by Andrew Thorn: Start on a new page

It is clear to detect the waves forming on the ocean’s surface, however waves are not only generated by the wind passing over water as previously mentioned in the Physical Principles of wave energy section, but waves are also composed by orbiting particles in the sub-surface of the water. [2]
Most of the wave energy devices are designed to capture the maximum energy from a wave, but to do so they would have to intercept all the orbiting parts of each wave. Designing such device would be impractical and uneconomic because the lowest orbits contain very little energy. It is important to mention that these orbits decrease in size exponentially with the water’s depth. Thus, the motion in deep water is circular and for elliptical motion in shallow waters. [2]

[image: Related image] 

[bookmark: _Hlk500198777][Figure 13] Behaviour of particles of water beneath the surface, source [2] 	Comment by Andrew Thorn: Reference







Key Factors for Wave Energy devices

	Key Factor
	Features

	
Survivability
	
Survivability of the wave energy device simply relates to the device survive life span in the ocean environment. Thus, the wave converter needs to be built to be reliable while operating and surviving during severe conditions. [39]

	
Power Capture
	
This relates to the devices capability of capturing the most of energy from the wave resources. [40]

	
Established engineering
	
This relates to use of existing technology and developing the wave energy device to increase performance and reliability. [40]

	
Offsite maintenance
	
This relates to the maintenance of the wave energy device that are in aggressive offshore environment. To ensure the device is operating properly. [40]

	
Manufacturing
	
This relates to the making of the wave energy device. Considering the design and size of the device. The structure components that are required for assembly. [40]



[bookmark: _Hlk500198831]Table 2. Factors for Wave Energy Devices

Table 2, as shown above is a brief explanation of the key factor that should be considered for different technologies of wave energy devices.









Wave farm costs

Due to fact that most current wave energy devices are being reviewed and tested in many places around the world. However, there is no accurate costs for the devices mentioned in this report.
The overall costs of a wave energy plant usually depend on the following costs:
1. The pre-operating costs (OPEX)
2. Construction costs (CAPEX)
3. Operational expenditure (OPEX)
4. Decommissioning costs (OPEX)
5. Insurance costs (OPEX)
6. Electrical systems infrastructure costs (CAPEX)	Comment by Andrew Thorn: CAPEX and OPEX need explaining 

The pre-operating cost includes other costs such as preliminary studies, projects, environmental impact assessment, consenting procedures. It difficulty to establish an accurate cost for these because it may vary depending on the type of installation, location and the type of project. [20]

Social Impacts

Although, wave energy is still in its early stages of development and it can be used to produce electricity, it can be argued that some wave energy devices can have negative impact both social and environmental. The idea of using wave energy as a source of renewable energy was general accepted and support by the public in the early stages of development. However, because some of the on-shore schemes can be large and tends to be very visible across the site, it became an issue that affected a great number of stake holders. It was estimated that 80% of the UK population support the use of renewable energy but the success rate of planning applications is very low. As a result, the approval rate across both Wales and England for on-shore, between 2012 and 2013 was around 59% and 46% respectively. [19]





Environmental impact
In the case of the environmental impacts wave energy can be considered as one of the most environmental technology for several reasons. One of the reasons, is that most of these schemes have little potential for chemical pollution, and most the lubrication and hydraulic oils that are used in the scheme are carefully concealed from the environment. [2]
Researchers have suggested that some the environmental impact may vary depending on the location and seasons. In addition, marine ecology is important and must be considered during each stage of development. In addition, long term studies are required to ensure adverse impacts are minimised as much as possible or even mitigated. [19]



















[bookmark: _GoBack]Offshore Wave energy (OWEL)
[bookmark: _Hlk500199507]Technology 
For this project it was believed that the offshore Wave energy (OWEL) was chosen to generate electricity. 

This Wave Energy Converter consists of a floating horizontal duct which has an angled roof and bottom plates and it is supported by buoyancy tanks. The scheme has several sections which and the combination of these section forms one large system. Normally, the height of the duct at the entrance is equal to the average wave amplitude and the length is determined by the average wave length. This scheme is stable in the ocean because it has several sections thus its length is longer than the average wave length. In addition, the scheme’s anchoring systems allows the WEC to align itself with incoming waves. [26]
[bookmark: _Hlk500198872][image: Related image][Figure 14] offshore Wave energy (OWEL)  	Comment by Andrew Thorn: Reference




The top sections of the scheme are open to ensure the incoming waves enters the schemes as shown on Fig.14. Thus, the incoming waves traps and compress the air on the top of the ducts in each section. The air collected in this chamber is directed to drive an air turbine generator which in return generates electricity. At the back end of the scheme any remnant energy from the spent waves are dispersed through the baffle system, preventing them from reflecting into the scheme. [26]
[image: Related image]







[bookmark: _Hlk500198894]               [Figure 15] Schematic of the offshore Wave energy (OWEL)	Comment by Andrew Thorn: You need to be consistent with your numbering

[bookmark: _Hlk500199536]Installation 
Generally, the installation of a scheme is built on the technology and know how from other offshore energy technologies. This scheme requires anchors to hold the floating duck in an area. However, there is only a few full-scale devices established and as a result the installation equipment could be relative expensive. It is projected that the installation of the scheme must be fast and easy, to reduce the project cost. [22]
[bookmark: _Hlk500199546]Maintenance 
The maintenance for this scheme is low because all the vital components are easily accessible, and they have little chance of corrosion because these components are not located inside the water. [26]
[bookmark: _Hlk500199556]Manufacturability
This scheme has a large structure and as a result it requires large investments. However, the generation capacity to the surface area ratio will be better than other schemes because it focuses on the waves. Typically, the scheme could be 32 000t, 200m wide at the intake section. [26]
[bookmark: _Hlk500199566]
Environmental impact
This scheme has very little impact on the environment or the marine life. The noise generation on this scheme is likely to be very low, generally lower than the noise of crashing waves. [26]


[bookmark: _Hlk500199575]Cost
A rough estimate of this scheme unit cost is 2p per kWh and generation capacity of 12MW. [26]
[bookmark: _Hlk500199585]Disadvantages 
Some of this scheme disadvantage is the interference of the anchorages lines with the commercial and sport-fishing, depending on the location because the scheme could occupy spaces formerly used for fishing. [10] 
















Conclusions	Comment by Andrew Thorn: Start on a new page

After carefully evaluation the other wave energy converters, the Offshore Wave energy (OWEL) was chosen for this project for several reasons. One of the reasons is that this scheme will be efficient because the northwest coast of Scotland has strong offshore marine currents. Thus, the device would be operating over a large scale of the ocean with a capacity of generating 12MW. In addition, this scheme can be developed further as a single duct design which is estimated to generate 1MW per device, and further studies from this device can be used to improve the scheme.
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