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[bookmark: _Toc500881679]Introduction

[bookmark: _Hlk500879518]The purpose of this assignment is to create a report that assess the viability of using potential wave energy to generate electricity for an estate situated on the North-West coast of Scotland. Within the report evaluations of the principles of how the potential wave energy technology will generate power, a critical evaluation of the range of technology that is available for use, an evaluation of the potential problems that could arise from the application of each type of wave energy technologies and the cost analysis of the potential technologies and what environmental impacts they will have on the local environment.
This report will include the principles used to generate power from WEC to allow the reader of the report information of how the technology is utilised to generate power from wave energy. This will be completed as wave energy technology is relatively new when compared to more established renewable energy systems. 
To select the correct technology for use there must be initial research completed to establish what environmental conditions the technology will be operating in. Gathering the relevant information on the surrounding environment will allow for potential technologies to be judged against their application in the chosen location. The research into the operating environment will also highlight issues that may arise with installation and commissioning, planned and unplanned maintenance and the decommissioning and removal of the technology at the end of the assets lifecycle.
Extracting energy from marine sources has been well researched and practically explored to some extent, with Marine Renewable Energy Systems being established for many years, most marine schemes that are operational as of 2017 are tidal based extracting energy from tidal ranges.
0.5 GW of commercial marine energy generation capacity is in operation and another 1.7 GW under construction, with 99% of this accounted for by tidal range.
(World Energy Council, 2016)
[bookmark: _Hlk500879534]With 99% of the marine energy generated from tidal sources due to the tidal range of a given location being predictable for both magnitude and frequency, tidal sources have a high level of predictability and have been developed and implemented to a far greater extent than wave energy technology. When compared to established tidal schemes, wave energy power generation is yet to prove its overall efficiency, reliability and overall cost leading to wave energy technologies being considered high risk and the technology is still in the research and development stage.
e.g. by the EU with 68% of the funds being directed to technology development
(Andreas Uihlein, 2016)
The global power potential represented by waves that hit all coasts worldwide, has been estimated to be in the order of 1 TW (1 terawatt = 10 12 W)
(Falnes, 2007)
As an estimated utilised power percentage (all marine sources);


[bookmark: _Toc500881680]Principles of how wave energy can be utilised to generate electricity

[bookmark: _Hlk500879552]The location of the potential site for the wave energy technology will be within the Lord Brooke Estate on the West coast of Scotland. As the location is known the wave climate of the area can be analysed to find technologies that are best suited to the location.
The North-West of Scotland has a wave climate that is mostly influenced by the North Atlantic events where the effects of wind on the ocean surface generate the swell that results in the wave formations closer to the coast. The energy of marine waves is dissipated when the wave breaks where the kinetic energy of the wave is lost due to frictional losses from the generation of high turbulence, sound and bubble generation. The aim of wave technology is to obtain the mechanical energy of the wave before it has reached an amplitude where the wave begins to break.
The power of a wave can be calculated using;

[bookmark: _Toc500881649]Equation 1 : Power of Wave
(Herbich, 2000)
Where;






[bookmark: _Hlk500879573]Equation 1 is used to establish an approximated value for the power flux of an ocean wave with the power flux being the rate at which energy is transferred through the surface of the wave. Assuming the salinity and density of the sea water result in a density of 1025kg/m3, the approximation of 0.5 can be shown by;

[bookmark: _Hlk500879588]Which can be taken as 0.5 to give a result in Kw, the above result would produce a value for P in watts.
 The challenge with any energy recovery system is increasing the efficiency of the system when converting the energy in its original state into a state that can be utilised. In an ideal isolated system, the energy recovery would be 100%.
Energy can neither be created nor destroyed; energy can only be transferred or changed from one form to another.
(Lower, 2016)

[bookmark: _Toc500881650]Equation 2 : Law of Conservation of Energy
(Lower, 2016)
Where;



[bookmark: _Hlk500879600]Since losses in any real-world system from friction, heat, sound and electrical resistance make up a proportion of the work done by the system, the ideal efficiency of 100% will not be achieved. If a wave energy recovery system could absorb 80% of the flux and had an efficiency rating of 0.75 and the original wave had a significant wave height (peak to trough) of 1.5 metres with a wave period of 10 seconds, the power converted can be calculated as;






[bookmark: _Hlk500879618]Wave Energy Converters allow the kinetic energy of a wave to be converted into electrical energy through the rotation of a turbine. The type of turbines used in WEC are connected to permanent magnet synchronous generators that use permanent magnets that rotate to induce alternate current as the flux of the magnet alternates with each rotation of the shaft, each rotation involves the North and South pole passing the stationary armature counting as a single cycle, the number of completed cycles is directly related to the RPM or the angular velocity of the shaft.



The power that is transferred through the generator is a function of the torque and revolution of the shaft.

[bookmark: _Toc500881651]Equation 3 : Prime Mover Power



[bookmark: _Hlk500879635]For a larger electrical output, the torque must be increased. The rotation of the turbine can be powered by Hydraulic or Pneumatic systems which varies with the design and type of WEC.
[bookmark: _Toc500881681]Power Take Off Systems

[image: ]
[bookmark: _Toc500881660]Figure 1 : Power Take Off Schematic
(López, 2013)
[bookmark: _Hlk500879649]The turbine that are used for Hydraulic, water-flux and air-flux are designed specifically to allow the greatest amount of energy to be converted from the primary conversion to the secondary conversion where the electrical energy is generated.
[image: ]
[bookmark: _Toc500881661]Figure 2 : Air Turbines for WEC
(López, 2013)
a) [bookmark: _Hlk500879668]Wells air-turbine, allows for high speed rotation when low air flow is available and the torque that is generated form the rotation is not dependent on the direction of the airflow onto the turbines blades.
b) Dennis-Auld air-turbine, has solidity allowing for greater efficiency than the Wells turbine.
c) Impulse air-turbine, reacts to flow in the same way as the Wells turbine but has variable pitch to aid with changes in airflow.

[image: ]
[bookmark: _Toc500881662]Figure 3 : Hydraulic Turbines for WEC
(López, 2013)
a) [bookmark: _Hlk500879698]Pelton turbine, mainly used for high head schemes where the piezometric head is greater than 50m.
b) Kaplan turbine, widely used in WEC as they have a high efficiency when operating in a medium to low head pressure 10-50m
c) Francis turbine, not generally used in the current WEC technologies as a high head is required.

[image: ]
[bookmark: _Toc500881663]Figure 4 : Hydraulic Oil Cylinder Schematic
(López, 2013)
[bookmark: _Hlk500879710]The Hydraulic oil cylinder system allows energy from multiple wave oscillations to generate high pressure within the accumulators that can be utilised when demand requires power generation. With any high pressure hydraulic system, the equipment is expensive and component failures result in the system going offline.



[bookmark: _Toc500881682]Wave Profile Devices

[bookmark: _Hlk500879732]Wave profile devices are situated on the surface of the sea and generate power from the changing level of the peak and the trough of the wave. Wave profile devices can be split into two categories, point absorbers and linear absorbers. 
Point absorbers size relative to the length of the wave is relatively small and a linear absorbers size compared to the wave length is generally greater. The power generated from point absorbers occurs when the vertical height of the system relative to the seabed increases, this kinetic movement is then used to generate power. Point absorbers work best when the system is close to resonance, for example once the amplitude and frequency of the incoming waves is close to the maximum extension (heave) and operating frequency of the point absorber the efficiency at which the system oscillates is improved.
The operating efficiencies of the point absorber that consist of two floating bodies with no fixed dead weight allow the efficiency of the system to remain at a higher value for longer than a fixed-point absorber as the operating frequency can be met over a greater range of wave amplitude due to the fixed mooring line preventing wave overtopping to some extent. However, the fixed mooring may be subjected to high dynamic loading stresses during high amplitude waves resulting in damage.
To calculate the maximum power that can be absorbed by a point absorber the following equation can be used;

[bookmark: _Toc500881652]Equation 4 : Maximum power by Point Absorber
(Yi-Hsiang Yu, 2013)
Where;




The absorption width or capture width is defined as;
the width of the incoming wave-front that has the same power as that being absorbed by the device.
(FARLEY, 2012)
[bookmark: _Hlk500879747]The absorption width of the incident wave is not relative to the size of the WEC as the energy carried by the wave can vary with the waves height, length and period making it difficult to calculate the most efficient array of point absorbers, when multiple devices are to be used. The Point absorbers generally use compressed air to generate rotation of the generator shaft.
[image: Wave Energy Devices]
[bookmark: _Toc500881664]Figure 5 : Wave Profile Devices
[bookmark: _Hlk500879762]Linear or Line absorbers typically absorb greater amounts of energy when compared to other technologies as the energy of the wave is absorbed along the longer length of the WEC where point absorbers only react for a shorter distance. Linear absorbers also allow for the energy reduction of the wave as it passes across the length, this is completed by a control system that increases the resonance reaction of the initial section as the wave passes with high energy and this reaction resonance is decreased for each section to maximise the amount of energy absorbed as the waves energy local to the WEC decreases because of absorption.
	Mode of absorption
	Theoretical ultimate capture width (percentage of wavelength)

	Offshore heaving body (Single)
	16%

	Offshore surging or pitching (Single)
	32%

	Offshore heaving-and-surging or heaving-and-pitching 
	48%

	Line absorber of length = wave length (current Pelamis)
	50%

	Line absorber of length = twice the wave length (ultimate Pelamis)
	75%


[bookmark: _Toc500881654]Table 1 : Capture width lengths of different wave energy converters
(PelamisPower, 2017)
[bookmark: _Hlk500879802]The power absorption for the linear WEC is known to be greater than the individual point absorbers as the Linear WEC absorbs more energy from multiple waves across its length rather than the capture width of the single point absorbers, however the linear point absorbers require greater initial capital to purchase and maintain, compared to individual point absorbers. Failure of a single point absorber that is part of an array can be replaced costing far less than replacing a failed linear absorber. Linear WEC use a hydraulic system to power the generator and as a hydraulic system is in use it is common for an accumulator to be used to store the hydraulic fluid under pressure to allow for generation when the WEC is not in motion.



[bookmark: _Toc500881683]Oscillating Water Columns

[bookmark: _Hlk500879815]An oscillating water column is a wave energy converter that uses the movement of the sea to compress a volume of air that is trapped in the column, once the compressed air has passed through the turbine and the trapped air within the column has reduced to the atmospheric pressure a valve opens to draw in a volume of air equal to the volume of water that drains from the device when the water level surrounding the device.
[image: ]
[bookmark: _Toc500881665]Figure 6 : Oscillating Wave Column
[bookmark: _Hlk500879829]Oscillating wave columns are designed with a conical shaped internal cavity that enables a large volume of water that has low velocity to compress a volume of air that is pressurised and released through the tapered end of the column with high velocity to power the turbine which then powers a generator to convert the kinetic power to electrical energy.
[image: ]
[bookmark: _Toc500881666]Figure 7 : OWC with Turbine Generator
[bookmark: _Hlk500879842]The OWC column can convert energy when the correct conditions are present with efficiency of 0.75. This efficiency is affected by the available wave size and frequency, as waves that do not create a complete seal or have a long enough period to allow the water volume within the OWC to decrease reduce the compression effect experienced by the air within the chamber. The compression of the air in the capture chamber follows the principles of Boyles law as the compression cycle is Isothermal with the temperature remaining constant;

[bookmark: _Toc500881653]Equation 5 : Boyles law
Where;




[bookmark: _Toc500881684]Wave Capture Devices

[bookmark: _Hlk500879855]Wave capture devices are used close to the shore where a sea swell with uniform velocity relative to the seabed encounters a decreasing water level as the sea meets the shore line, as the water level decreases the bottom of the swell slows due to friction and the top of the swell maintains the initial velocity. As the swell reaches the lower water depths the amplitude increases, this change in wave height is what the wave capture device uses to generate power, with the wave capture device using the change in piezometric head pressure of the fluid that has entered at a higher point than the surrounding sea level to power a turbine that generates electrical energy.
[image: ]
[bookmark: _Toc500881667]Figure 8 : Wave Capture Device
[bookmark: _Hlk500879867]The image above shows the cross-sectional profile of the device that floats whilst remaining partially submerged, the structure has sides that are sloped to increase the amount of water that enters the reservoir. The efficiency of WCD is far lower than other available technologies due to the energy loss from the incident wave hitting the WCD and only a portion of the volume of the water entering the reservoir.

[bookmark: _Toc500881685]Submerged Pressure Differential

[bookmark: _Hlk500879879]The Submerged pressure differential WEC is constructed in a similar way to the fixed-point absorber where the device is fixed to the seabed and generates electricity when the pressure directly above the device increases and decreases when a wave passes over the WEC. The submerged WEC uses the increased pressure caused by passing waves to compress a volume of air that is trapped in the top section of the device whilst pushing this section towards the seabed. Once the wave has passed and the following trough reduces the head pressure of the water above the WEC allowing the top section of the device to rise.
[image: ]
[bookmark: _Toc500881668]Figure 9 : Submerged Pressure Differential WEC
The compressed air within the device is then used to power a generator to create electrical power.
[bookmark: _Toc500881686]Critical evaluation of the technology available for energy generation
 
[bookmark: _Hlk500879898]Point absorbers offer the potential for power generation when the device is subjected to sea swells from any direction. The device if placed off the North-west coast of Scotland would be subjected to mainly sea swells from the West and the ability to absorb waves from various directions would not increase the generation potential when compared to other technologies that rely on swell of a set direction. If multiple point absorbers were to be used to create an efficient array the energy converted could be multiplied by the number of point absorbers used and the cost of connecting the array to the grid could be less per point. An advantage of using multiple point absorbers is that when planned or unplanned maintenance is required a single point absorber can be taken offline and worked on with the remaining point absorbers remaining online decreasing the arrays total annual down time. Point absorbers are widely used relative to other WEC technologies and as this is the case the cost of maintenance may be lower as the number of available contractors and information is higher when compared to other less utilised technologies.
Linear WEC would be well suited to the selected environment due to the WEC’s capability to convert energy efficiently when subjected to a dominant directional swell, in this case incoming swell from the west. The efficiency of this technology is known to be high, combined with the WEC storing energy within its hydraulic system allows for energy to be converted with lower intermittency. For a small-scale scheme the ability of the system to generate power with greater consistency when operational would benefit the consumer. The hydraulic system used in linear WEC would require frequent maintenance as high pressure hydraulic systems are prone to pressure losses from component and connection failure. Losses of hydraulic fluid on land would result in high clean-up costs, with this system operating at sea the cost would be increased also the financial penalties put in place by the Scottish Environment Protection Agency SEPA would be substantial. As this scheme would require a single linear WEC the down time of the whole system would be greater when compared to an array of point absorbers due to the frequency of the maintenance scheduling if failure occurs within the Linear WEC the whole scheme would be offline.
Oscillating wave columns can be fixed to the shore or moored offshore with a fixed shoreline column only generating power when the tide is within a range that allows the complete compression of the trapped volume of air within the device, if complete compression is not achieved the efficiency of the system is greatly reduced. The cost of connecting a fixed system to the grid would be far less than other systems as the connecting cables would remain on land. A floating Oscillating wave column would not have this issue as the device is situated on the surface of the water which allows complete compression during. If the floating WEC is not properly moored there is potential for the device to be overturned which would result in the compression cavity filing with water and the device would have to be refilled with air to right the system. Connection to the grid would be higher than a fixed shoreline.
Wave capture devices are relatively simple devices when compared to other WEC’s as the only mechanical parts are the turbine and the generator which reduces the required maintenance and down time of the device. The system is simple, but it required the correct sea conditions to operate efficiently and the intermittency of this type of WEC may be greater than other available technology, if the device is located off-shore the connection cost will be high with low power conversion due to the low head hydraulic turbine operating infrequently.
The Submerged pressure differential WEC will require high cost to initially moor the devices beneath the water as specialist would be required to carry out the work. The device itself can be connected underwater then charged with the air that will be compressed. These WEC are generally installed in arrays which allows for reduced grid connection cost per device and increases the online power conversion time of the whole array. As the devices are submerged the potential for the scheme to gain planning permission may be increased as the devices would not impact on the views from the coast which may be a major concern for residents.
	
	Point Absorber (array)
	Linear WEC
	Oscillating Water Column 
	Wave capture devices
	Submerged pressure differential (array)

	Operating Time

	5
	3
	2
	2
	5

	Maintenance Cost
	4
	2
	3
	4
	2

	Planning Permission
	3
	3
	2
	2
	4

	Grid Connection

	3
	2
	4
	3
	3

	Breakdown
(offline)
	4
	2
	4
	5
	4

	Operating Conditions
	4
	4
	3
	2
	4

	Total

	23
	16
	18
	18
	22


[bookmark: _Toc500881655]Table 2 : WEC Design Analysis

[bookmark: _Toc500881669]Figure 10 : WEC Design Analysis Bar Chart
[bookmark: _Toc500881687]Analysis of the factors that should be considered when evaluating the different technologies suitability

[bookmark: _Hlk500879916]The conditions of the environment that the chosen technology will be operating in must be analysed to ensure that the technologies have an operating range that can with-stand the energy of the average wave and the maximum storm wave of the location.
[image: ]
[bookmark: _Toc500881670]Figure 11 : Mean Wave Power over the past 11 years
(G.Lavidas, 2017)
[image: ]
[bookmark: _Toc500881671]Figure 12 : Mean Wave Power 2016
[image: ]
[bookmark: _Toc500881672]Figure 13 : Depth of Seabed West coast of Scotland

(marine.gov.scot, 2017)
[bookmark: _Hlk500879932]Figure 6 shows the average mean wave power over the last eleven years with Figure 7 showing the mean wave power from 2016, what is noticeable is that the presence of the Outer Hebrides acts as a blocker for the North-West coast of the mainland with the refracted waves continuing to the North-West coast. The mean wave power for the coast in question is between 0.1 (kW/m) and 36 (Kw/m).
The energy flux decreases exponentially with depth so that 95% of the energy is contained in depths above one fourth of the average wave length.
(WATERS, 2008)
The primary source of the sea swells that would be captured by the device are generated in the North Atlantic with the swell propagating from the west. 
[image: ]
[bookmark: _Toc500881673]Figure 14 : Mean Water Depths for Scotland
(Neill S. P., 2016)
[bookmark: _Hlk500879946]When a comparison is made between the mean water depths and the mean wave power what is noticeable is that as the water depth reduces so does the mean power of the waves in that area, as the scheme in consideration is a small scheme this will not be a major influence on the location selection as the cost of deep water installation would be too large for consideration.
[image: ]
[bookmark: _Toc500881674]Figure 15 : Annual cycle of mean wave power North Scotland
(Neill S. P., 2013)

[bookmark: _Hlk500879960]Figure 15 shows that during the summer months the power of the waves that occur in the North of Scotland drop, this is caused by the predominant weather conditions during the summer months originating from the south west with the land mass of Ireland and Southern Britain disrupts the migration of the sea swells to the North of Scotland. During the Winter months the predominant weather conditions originate in the North Atlantic and the sea swells generated must overcome very little resistance to migrate to the North West of Scotland. This may prove beneficial as the amount of energy required during the winter months in the Northern hemisphere is higher and at a premium[image: ]
[bookmark: _Toc500881675]Figure 16 : Annual mean wave power cycle for West of Orkney
[image: ]
[bookmark: _Toc500881676]Figure 17 : Annual mean output of 750kW Pelamis in Orkney
(Neill S. P., 2016)
[bookmark: _Hlk500879973]
Figure 16 shows the mean wave power cycle for the area to the West of Orkney which further North compared to the North-West. Shaded in grey is the range of wave size and its expected the range for the North-West coast would be similar, knowing the upper limit of the range will enable the operators to establish potential shut down periods to prevent damage to the WEC during extreme conditions.

[bookmark: _Toc500881677]Figure 18 : Comparison of different WEC Power Output from 2016 Orkney mean wave power

[bookmark: _Toc500881678]Figure 19 : Power output comparison for small scale scheme
[bookmark: _Hlk500879998][bookmark: _Toc500881688]Costs and environmental issues

For calculating the overall CAPEX and OPEX of a WEC array there is currently a lack of data as the WEC schemes that are in place have not been built frequently enough to allow for a reliable estimate to be given for a new scheme as the operational WEC in place currently are still at the experimental stage. As this is the case the construction of WEC has not been completed frequently enough to ensure there is sufficient skill available to efficiently construct the equipment.
To place a WEC at sea the owner of the scheme would firstly have to seek permission from the crown estate as it owns the rights to the majority of Britain’s coastline and a rent would have to be agreed for the lifespan of the scheme. Once permission is granted and a feasibility study has been completed the under-water ground works could start which would be costly due to the nature of the work and highly specialised contractors and equipment would have to be used and would most likely be from the oil and gas industry where the skills and equipment are used for offshore drilling and construction.
The cost of the WEC would consume the largest portion of the initial CAPEX with another large portion taken by the cabling costs of connecting the WEC to the switching gear on land and then to the grid which would also require a one-off payment. Once the WEC is connected service charges must be paid to ensure that regular metering checks take place on time to ensure the whole system meets the compliance standards set by the connection provider.
An estimate of revenue potentially gained can be calculated for each type of WEC excluding the wave capture device as the wave crest height data was not available.
	Hydro scheme (kW)

	0-100
	7.78

	100-500
	6.24

	500-2000
	6.24

	2000-5000
	4.54


[bookmark: _Toc500881656]Table 3 : 2017 Tariff
(ofgem, 2017)
Using the feed in tariff for 0-100(kWh) schemes, an average wave period of 20 seconds and no time offline the following estimates were calculated.
	
	Linear
	Offshore heaving-and-surging 
	Offshore surging or pitching 
	Offshore heaving body 

	Period 20(s)
	26053.8
	25011.6
	16674.4
	8337.2

	Period * 3
	78161.3
	75034.8
	50023.2
	25011.6

	kWh
	4689675
	4502088
	3001392
	1500696

	Revenue (£)
	364856
	350262.5
	233508.3
	116754.2


[bookmark: _Toc500881657]Table 4 : Max feed-in revenue


	
	Current (2010)
	2020
	2030
	2050

	CAPEX
	4000-7000 £/kW
	2500-4000 £/kW
	2000-2500 £/kW
	1500-2000 £/kW

	O+M cost
	1.5-4.0 p/kWh
	1.0-2.5 p/kWh
	0.5-1.5 p/kWh
	0.3-1.0 p/kWh

	Array Load
	25-35%
	35-40%
	37-42%
	40-45%

	Availability
	75-85%
	90%
	90-95%
	95-98%

	Overall COE
	17-40 p/kWh
	9-18 p/kWh
	7-10 p/kWh
	5-8 p/kWh


[bookmark: _Toc500881658]Table 5 : Pelamis Operating cost UK Predictions
(The Energy Technologies Institute, 2013)
[bookmark: _Toc500881689]Conclusion

Figure 18 is a comparison calculated using the Power generation graph (Figure 17) and multiplying the values by the wave capture width values from Table 1. What is noticeable from the graph is the potential for the Pelamis to generate more power when subjected to higher power waves, this is due to the Pelamis having a greater wave capture width than the other WEC. Figure 19 shows the power output of the same WEC at a smaller scale of 50kW to fit the project brief. From this data it can be assumed that the Linear wave profile device would yield the highest amount of energy when located in the selected environment and the device has the potential to store a supply of energy for generation after the environmental conditions change.
Further consideration should be given to the amount of time the scheme would spend offline due to maintenance and breakdowns when the information becomes available. Currently the design aspect and positioning of potential WEC schemes has been completed using Computational methods where a 2D mathematical model is constructed using the finite difference method and is used to analyses the potential performance of WEC’s.
[bookmark: _GoBack]Table 5 shows a prediction made by the Energies and Technologies Institute that as the number of linear wave profile devices increases the overall cost of energy generation will come down due to refinement in the construction and maintenance of a WEC scheme.
The changes in wave power during the year has been termed the North Atlantic Oscillations (NAO), when installing a Wave Energy Converter scheme of any type in the North Atlantic the seasonal reductions in available wave energy must be met with other sources of energy which should be considered if this scheme is to be used as a main source of energy for the estate.
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WEC Design Analysis

Point Absorber (array)	Operating Time	Maintenace Cost	Planning Permission	Grid Connection	Potential Breakdowns (offline)	Operating Conditions	Total	5	4	3	3	4	4	23	Linear WEC	Operating Time	Maintenace Cost	Planning Permission	Grid Connection	Potential Breakdowns (offline)	Operating Conditions	Total	3	2	3	2	2	4	16	Oscillating Water Column 	Operating Time	Maintenace Cost	Planning Permission	Grid Connection	Potential Breakdowns (offline)	Operating Conditions	Total	2	3	2	4	4	3	18	Wave capture devices	Operating Time	Maintenace Cost	Planning Permission	Grid Connection	Potential Breakdowns (offline)	Operating Conditions	Total	2	4	2	3	5	2	18	Submerged pressure differential (array)	Operating Time	Maintenace Cost	Planning Permission	Grid Connection	Potential Breakdowns (offline)	Operating Conditions	Total	5	2	4	3	4	4	22	



Power Generation Comparison (kW)

Output Pelamis	42370	42371	42372	42373	42374	42375	42376	42377	42378	42379	42380	42381	42382	42383	42384	42385	42386	42387	42388	42389	42390	42391	42392	42393	42394	42395	42396	42397	42398	42399	42400	42401	42402	42403	42404	42405	42406	42407	42408	42409	42410	42411	42412	42413	42414	42415	42416	42417	42418	42419	42420	42421	42422	42423	42424	42425	42426	42427	42428	42429	42430	42431	42432	42433	42434	42435	42436	42437	42438	42439	42440	42441	42442	42443	42444	42445	42446	42447	42448	42449	42450	42451	42452	42453	42454	42455	42456	42457	42458	42459	42460	42461	42462	42463	42464	42465	42466	42467	42468	42469	42470	42471	42472	42473	42474	42475	42476	42477	42478	42479	42480	42481	42482	42483	42484	42485	42486	42487	42488	42489	42490	42491	42492	42493	42494	42495	42496	42497	42498	42499	42500	42501	42502	42503	42504	42505	42506	42507	42508	42509	42510	42511	42512	42513	42514	42515	42516	42517	42518	42519	42520	42521	42522	42523	42524	42525	42526	42527	42528	42529	42530	42531	42532	42533	42534	42535	42536	42537	42538	42539	42540	42541	42542	42543	42544	42545	42546	42547	42548	42549	42550	42551	42552	42553	42554	42555	42556	42557	42558	42559	42560	42561	42562	42563	42564	42565	42566	42567	42568	42569	42570	42571	42572	42573	42574	42575	42576	42577	42578	42579	42580	42581	42582	42583	42584	42585	42586	42587	42588	42589	42590	42591	42592	42593	42594	42595	42596	42597	42598	42599	42600	42601	42602	42603	42604	42605	42606	42607	42608	42609	42610	42611	42612	42613	42614	42615	42616	42617	42618	42619	42620	42621	42622	42623	42624	42625	42626	42627	42628	42629	42630	42631	42632	42633	42634	42635	42636	42637	42638	42639	42640	42641	42642	42643	42644	42645	42646	42647	42648	42649	42650	42651	42652	42653	42654	42655	42656	42657	42658	42659	42660	42661	42662	42663	42664	42665	42666	42667	42668	42669	42670	42671	42672	42673	42674	42675	42676	42677	42678	42679	42680	42681	42682	42683	42684	42685	42686	42687	42688	42689	42690	42691	42692	42693	42694	42695	42696	42697	42698	42699	42700	42701	42702	42703	42704	42705	175	173.83333333300001	172.66666666600003	171.49999999900004	170.33333333200005	169.16666666500006	167.99999999800008	166.83333333100009	165.6666666640001	164.49999999700012	163.33333333000013	162.16666666300014	160.99999999600016	159.83333332900017	158.66666666200018	157.49999999500019	156.33333332800021	155.16666666100022	153.99999999400023	152.83333332700025	151.66666666000026	150.49999999300027	149.33333332600029	148.1666666590003	146.99999999200031	145.83333332500032	144.66666665800034	143.49999999100035	142.33333332400036	141.16666665700038	139.99999999000039	139.91379309345038	139.82758619690037	139.74137930035036	139.65517240380035	139.56896550725034	139.48275861070033	139.39655171415032	139.31034481760031	139.2241379210503	139.13793102450029	139.05172412795028	138.96551723140027	138.87931033485026	138.79310343830025	138.70689654175024	138.62068964520023	138.53448274865022	138.44827585210021	138.3620689555502	138.27586205900019	138.18965516245018	138.10344826590017	138.01724136935016	137.93103447280015	137.84482757625014	137.75862067970013	137.67241378315012	137.58620688660011	137.4999999900501	135.1612903130501	132.82258063605011	130.48387095905011	128.14516128205011	125.80645160505011	123.46774192805012	121.12903225105012	118.79032257405012	116.45161289705013	114.11290322005013	111.77419354305013	109.43548386605013	107.09677418905014	104.75806451205014	102.41935483505014	100.08064515805015	97.741935481050149	95.403225804050152	93.064516127050155	90.725806450050158	88.38709677305016	86.048387096050163	83.709677419050166	81.370967742050169	79.032258065050172	76.693548388050175	74.354838711050178	72.016129034050181	69.677419357050184	67.338709680050187	65.000000003050189	64.416666669750185	63.833333336450188	63.250000003150191	62.666666669850194	62.083333336550197	61.5000000032502	60.916666669950203	60.333333336650206	59.750000003350209	59.166666670050212	58.583333336750215	58.000000003450218	57.416666670150221	56.833333336850224	56.250000003550227	55.66666667025023	55.083333336950233	54.500000003650236	53.916666670350239	53.333333337050242	52.750000003750245	52.166666670450248	51.58333333715025	51.000000003850253	50.416666670550256	49.833333337250259	49.250000003950262	48.666666670650265	48.083333337350268	47.500000004050271	46.451612907050269	45.403225810050266	44.354838713050263	43.306451616050261	42.258064519050258	41.209677422050255	40.161290325050253	39.11290322805025	38.064516131050247	37.016129034050245	35.967741937050242	34.919354840050239	33.870967743050237	32.822580646050234	31.774193549050235	30.725806452050236	29.677419355050237	28.629032258050238	27.580645161050239	26.532258064050239	25.48387096705024	24.435483870050241	23.387096773050242	22.338709676050243	21.290322579050244	20.241935482050245	19.193548385050246	18.145161288050247	17.096774191050248	16.048387094050248	14.999999997050249	15.166666664050249	15.333333331050248	15.499999998050248	15.666666665050247	15.833333332050247	15.999999999050246	16.166666666050247	16.333333333050248	16.50000000005025	16.666666667050251	16.833333334050252	17.000000001050253	17.166666668050254	17.333333335050256	17.500000002050257	17.666666669050258	17.833333336050259	18.00000000305026	18.166666670050262	18.333333337050263	18.500000004050264	18.666666671050265	18.833333338050267	19.000000005050268	19.166666672050269	19.33333333905027	19.500000006050271	19.666666673050273	19.833333340050274	20.000000007050275	20.322580652250274	20.645161297450272	20.967741942650271	21.29032258785027	21.612903233050268	21.935483878250267	22.258064523450265	22.580645168650264	22.903225813850263	23.225806459050261	23.54838710425026	23.870967749450259	24.193548394650257	24.516129039850256	24.838709685050254	25.161290330250253	25.483870975450252	25.80645162065025	26.129032265850249	26.451612911050248	26.774193556250246	27.096774201450245	27.419354846650243	27.741935491850242	28.064516137050241	28.387096782250239	28.709677427450238	29.032258072650237	29.354838717850235	29.677419363050234	30.000000008250232	31.290322589250234	32.580645170250236	33.870967751250234	35.161290332250232	36.45161291325023	37.741935494250228	39.032258075250226	40.322580656250224	41.612903237250222	42.90322581825022	44.193548399250218	45.483870980250217	46.774193561250215	48.064516142250213	49.354838723250211	50.645161304250209	51.935483885250207	53.225806466250205	54.516129047250203	55.806451628250201	57.096774209250199	58.387096790250197	59.677419371250195	60.967741952250194	62.258064533250192	63.54838711425019	64.838709695250188	66.129032276250186	67.419354857250184	68.709677438250182	70.00000001925018	71.00000001925018	72.00000001925018	73.00000001925018	74.00000001925018	75.00000001925018	76.00000001925018	77.00000001925018	78.00000001925018	79.00000001925018	80.00000001925018	81.00000001925018	82.00000001925018	83.00000001925018	84.00000001925018	85.00000001925018	86.00000001925018	87.00000001925018	88.00000001925018	89.00000001925018	90.00000001925018	91.00000001925018	92.00000001925018	93.00000001925018	94.00000001925018	95.00000001925018	96.00000001925018	97.00000001925018	98.00000001925018	99.00000001925018	100	101.451612903	102.90322580599999	104.35483870899999	105.80645161199999	107.25806451499999	108.70967741799998	110.16129032099998	111.61290322399998	113.06451612699998	114.51612902999997	115.96774193299997	117.41935483599997	118.87096773899997	120.32258064199996	121.77419354499996	123.22580644799996	124.67741935099995	126.12903225399995	127.58064515699995	129.03225805999995	130.48387096299996	131.93548386599997	133.38709676899998	134.83870967199999	136.290322575	137.74193547800002	139.19354838100003	140.64516128400004	142.09677418700005	143.54838709000006	144.99999999300007	145.32258063820007	145.64516128340006	145.96774192860005	146.29032257380004	146.61290321900003	146.93548386420002	147.25806450940001	147.58064515460001	147.9032257998	148.22580644499999	148.54838709019998	148.87096773539997	149.19354838059996	149.51612902579996	149.83870967099995	150.16129031619994	150.48387096139993	150.80645160659992	151.12903225179991	151.4516128969999	151.7741935421999	152.09677418739989	152.41935483259988	152.74193547779987	153.06451612299986	153.38709676819985	153.70967741339985	154.03225805859984	154.35483870379983	154.67741934899982	154.99999999419981	Offshore heaving-and-surging 	42370	42371	42372	42373	42374	42375	42376	42377	42378	42379	42380	42381	42382	42383	42384	42385	42386	42387	42388	42389	42390	42391	42392	42393	42394	42395	42396	42397	42398	42399	42400	42401	42402	42403	42404	42405	42406	42407	42408	42409	42410	42411	42412	42413	42414	42415	42416	42417	42418	42419	42420	42421	42422	42423	42424	42425	42426	42427	42428	42429	42430	42431	42432	42433	42434	42435	42436	42437	42438	42439	42440	42441	42442	42443	42444	42445	42446	42447	42448	42449	42450	42451	42452	42453	42454	42455	42456	42457	42458	42459	42460	42461	42462	42463	42464	42465	42466	42467	42468	42469	42470	42471	42472	42473	42474	42475	42476	42477	42478	42479	42480	42481	42482	42483	42484	42485	42486	42487	42488	42489	42490	42491	42492	42493	42494	42495	42496	42497	42498	42499	42500	42501	42502	42503	42504	42505	42506	42507	42508	42509	42510	42511	42512	42513	42514	42515	42516	42517	42518	42519	42520	42521	42522	42523	42524	42525	42526	42527	42528	42529	42530	42531	42532	42533	42534	42535	42536	42537	42538	42539	42540	42541	42542	42543	42544	42545	42546	42547	42548	42549	42550	42551	42552	42553	42554	42555	42556	42557	42558	42559	42560	42561	42562	42563	42564	42565	42566	42567	42568	42569	42570	42571	42572	42573	42574	42575	42576	42577	42578	42579	42580	42581	42582	42583	42584	42585	42586	42587	42588	42589	42590	42591	42592	42593	42594	42595	42596	42597	42598	42599	42600	42601	42602	42603	42604	42605	42606	42607	42608	42609	42610	42611	42612	42613	42614	42615	42616	42617	42618	42619	42620	42621	42622	42623	42624	42625	42626	42627	42628	42629	42630	42631	42632	42633	42634	42635	42636	42637	42638	42639	42640	42641	42642	42643	42644	42645	42646	42647	42648	42649	42650	42651	42652	42653	42654	42655	42656	42657	42658	42659	42660	42661	42662	42663	42664	42665	42666	42667	42668	42669	42670	42671	42672	42673	42674	42675	42676	42677	42678	42679	42680	42681	42682	42683	42684	42685	42686	42687	42688	42689	42690	42691	42692	42693	42694	42695	42696	42697	42698	42699	42700	42701	42702	42703	42704	42705	168	166.87999999968	165.75999999936002	164.63999999904004	163.51999999872004	162.39999999840006	161.27999999808006	160.15999999776008	159.03999999744011	157.9199999971201	156.79999999680012	155.67999999648012	154.55999999616014	153.43999999584017	152.31999999552016	151.19999999520019	150.07999999488018	148.95999999456021	147.83999999424023	146.71999999392023	145.59999999360025	144.47999999328025	143.35999999296027	142.23999999264029	141.11999999232029	139.99999999200031	138.87999999168031	137.75999999136033	136.63999999104036	135.51999999072035	134.39999999040037	134.31724136971235	134.23448274902435	134.15172412833635	134.06896550764833	133.98620688696033	133.90344826627231	133.82068964558431	133.73793102489628	133.65517240420829	133.57241378352026	133.48965516283226	133.40689654214427	133.32413792145624	133.24137930076824	133.15862068008022	133.07586205939222	132.9931034387042	132.9103448180162	132.82758619732817	132.74482757664018	132.66206895595218	132.57931033526415	132.49655171457616	132.41379309388813	132.33103447320013	132.24827585251211	132.16551723182411	132.08275861113611	131.99999999044809	129.7548387005281	127.50967741060809	125.2645161206881	123.01935483076811	120.7741935408481	118.52903225092811	116.28387096100811	114.03870967108811	111.79354838116812	109.54838709124812	107.30322580132813	105.05806451140812	102.81290322148813	100.56774193156814	98.32258064164813	96.077419351728139	93.832258061808133	91.587096771888142	89.34193548196815	87.096774192048144	84.851612902128153	82.606451612208147	80.361290322288156	78.116129032368164	75.870967742448158	73.625806452528167	71.380645162608161	69.13548387268817	66.890322582768178	64.645161292848172	62.400000002928181	61.840000002960174	61.280000002992182	60.720000003024182	60.160000003056183	59.600000003088184	59.040000003120191	58.480000003152192	57.920000003184192	57.3600000032162	56.800000003248201	56.240000003280201	55.680000003312209	55.120000003344209	54.56000000337621	54.000000003408218	53.440000003440218	52.880000003472219	52.320000003504227	51.760000003536227	51.200000003568228	50.640000003600235	50.080000003632236	49.520000003664236	48.960000003696244	48.400000003728245	47.840000003760245	47.280000003792253	46.720000003824254	46.160000003856254	45.600000003888262	44.593548390768255	43.587096777648256	42.580645164528249	41.57419355140825	40.567741938288243	39.561290325168244	38.554838712048245	37.548387098928238	36.541935485808239	35.535483872688232	34.529032259568233	33.522580646448226	32.516129033328227	31.509677420208224	30.503225807088224	29.496774193968225	28.490322580848225	27.483870967728226	26.477419354608227	25.470967741488227	24.464516128368231	23.458064515248232	22.451612902128232	21.445161289008233	20.438709675888234	19.432258062768234	18.425806449648235	17.419354836528235	16.412903223408236	15.406451610288238	14.399999997168239	14.559999997488239	14.719999997808237	14.879999998128238	15.039999998448236	15.199999998768236	15.359999999088236	15.519999999408236	15.679999999728238	15.840000000048239	16.000000000368239	16.160000000688242	16.320000001008243	16.480000001328243	16.640000001648247	16.800000001968247	16.960000002288247	17.120000002608247	17.280000002928251	17.440000003248251	17.600000003568251	17.760000003888251	17.920000004208255	18.080000004528255	18.240000004848255	18.400000005168259	18.560000005488259	18.720000005808259	18.88000000612826	19.040000006448263	19.200000006768263	19.509677426160263	19.819354845552262	20.129032264944261	20.438709684336256	20.748387103728255	21.058064523120255	21.367741942512254	21.677419361904253	21.987096781296252	22.296774200688251	22.60645162008025	22.916129039472246	23.225806458864245	23.535483878256244	23.845161297648243	24.154838717040242	24.464516136432241	24.77419355582424	25.083870975216239	25.393548394608235	25.703225814000234	26.012903233392233	26.322580652784232	26.632258072176231	26.941935491568231	27.25161291096023	27.561290330352229	27.870967749744228	28.180645169136223	28.490322588528223	28.800000007920222	30.038709685680224	31.277419363440224	32.516129041200223	33.754838718960222	34.993548396720222	36.232258074480221	37.470967752240213	38.709677430000212	39.948387107760212	41.187096785520211	42.42580646328021	43.66451614104021	44.903225818800202	46.141935496560201	47.3806451743202	48.6193548520802	49.858064529840199	51.096774207600198	52.33548388536019	53.57419356312019	54.812903240880189	56.051612918640188	57.290322596400188	58.529032274160187	59.767741951920179	61.006451629680178	62.245161307440178	63.483870985200177	64.722580662960169	65.961290340720169	67.200000018480168	68.160000018480176	69.12000001848017	70.080000018480163	71.040000018480171	72.000000018480165	72.960000018480173	73.920000018480167	74.880000018480175	75.840000018480168	76.800000018480176	77.76000001848017	78.720000018480164	79.680000018480172	80.640000018480166	81.600000018480173	82.560000018480167	83.520000018480175	84.480000018480169	85.440000018480163	86.400000018480171	87.360000018480164	88.320000018480172	89.280000018480166	90.240000018480174	91.200000018480168	92.160000018480176	93.12000001848017	94.080000018480163	95.040000018480171	96	97.393548386879999	98.787096773759998	100.18064516063998	101.57419354751998	102.96774193439998	104.36129032127998	105.75483870815998	107.14838709503998	108.54193548191998	109.93548386879998	111.32903225567996	112.72258064255996	114.11612902943996	115.50967741631996	116.90322580319996	118.29677419007996	119.69032257695996	121.08387096383996	122.47741935071994	123.87096773759994	125.26451612447995	126.65806451135997	128.05161289823997	129.44516128511998	130.83870967199999	132.23225805888001	133.62580644576002	135.01935483264003	136.41290321952005	137.80645160640006	139.19999999328007	139.50967741267206	139.81935483206405	140.12903225145604	140.43870967084803	140.74838709024002	141.058064509632	141.36774192902402	141.67741934841601	141.987096767808	142.29677418719999	142.60645160659197	142.91612902598396	143.22580644537595	143.53548386476794	143.84516128415996	144.15483870355195	144.46451612294393	144.77419354233592	145.08387096172791	145.3935483811199	145.70322580051189	146.01290321990388	146.32258063929586	146.63225805868788	146.94193547807987	147.25161289747186	147.56129031686385	147.87096773625584	148.18064515564782	148.49032257503981	148.7999999944318	Offshore surging or pitching 	42370	42371	42372	42373	42374	42375	42376	42377	42378	42379	42380	42381	42382	42383	42384	42385	42386	42387	42388	42389	42390	42391	42392	42393	42394	42395	42396	42397	42398	42399	42400	42401	42402	42403	42404	42405	42406	42407	42408	42409	42410	42411	42412	42413	42414	42415	42416	42417	42418	42419	42420	42421	42422	42423	42424	42425	42426	42427	42428	42429	42430	42431	42432	42433	42434	42435	42436	42437	42438	42439	42440	42441	42442	42443	42444	42445	42446	42447	42448	42449	42450	42451	42452	42453	42454	42455	42456	42457	42458	42459	42460	42461	42462	42463	42464	42465	42466	42467	42468	42469	42470	42471	42472	42473	42474	42475	42476	42477	42478	42479	42480	42481	42482	42483	42484	42485	42486	42487	42488	42489	42490	42491	42492	42493	42494	42495	42496	42497	42498	42499	42500	42501	42502	42503	42504	42505	42506	42507	42508	42509	42510	42511	42512	42513	42514	42515	42516	42517	42518	42519	42520	42521	42522	42523	42524	42525	42526	42527	42528	42529	42530	42531	42532	42533	42534	42535	42536	42537	42538	42539	42540	42541	42542	42543	42544	42545	42546	42547	42548	42549	42550	42551	42552	42553	42554	42555	42556	42557	42558	42559	42560	42561	42562	42563	42564	42565	42566	42567	42568	42569	42570	42571	42572	42573	42574	42575	42576	42577	42578	42579	42580	42581	42582	42583	42584	42585	42586	42587	42588	42589	42590	42591	42592	42593	42594	42595	42596	42597	42598	42599	42600	42601	42602	42603	42604	42605	42606	42607	42608	42609	42610	42611	42612	42613	42614	42615	42616	42617	42618	42619	42620	42621	42622	42623	42624	42625	42626	42627	42628	42629	42630	42631	42632	42633	42634	42635	42636	42637	42638	42639	42640	42641	42642	42643	42644	42645	42646	42647	42648	42649	42650	42651	42652	42653	42654	42655	42656	42657	42658	42659	42660	42661	42662	42663	42664	42665	42666	42667	42668	42669	42670	42671	42672	42673	42674	42675	42676	42677	42678	42679	42680	42681	42682	42683	42684	42685	42686	42687	42688	42689	42690	42691	42692	42693	42694	42695	42696	42697	42698	42699	42700	42701	42702	42703	42704	42705	112	111.25333333312001	110.50666666624002	109.75999999936003	109.01333333248003	108.26666666560004	107.51999999872005	106.77333333184006	106.02666666496008	105.27999999808007	104.53333333120008	103.78666666432009	103.03999999744011	102.29333333056012	101.54666666368011	100.79999999680012	100.05333332992014	99.306666663040147	98.559999996160158	97.813333329280155	97.066666662400166	96.319999995520178	95.573333328640189	94.8266666617602	94.079999994880197	93.333333328000208	92.586666661120219	91.83999999424023	91.093333327360241	90.346666660480238	89.59999999360025	89.544827579808242	89.489655166016234	89.434482752224227	89.379310338432219	89.324137924640226	89.268965510848219	89.213793097056211	89.158620683264203	89.103448269472196	89.048275855680188	88.993103441888181	88.937931028096173	88.882758614304166	88.827586200512158	88.772413786720151	88.717241372928143	88.662068959136136	88.606896545344142	88.551724131552135	88.496551717760127	88.44137930396812	88.386206890176112	88.331034476384104	88.275862062592097	88.220689648800089	88.165517235008082	88.110344821216074	88.055172407424067	87.999999993632059	86.50322580035207	85.006451607072066	83.509677413792076	82.012903220512072	80.516129027232068	79.019354833952079	77.522580640672075	76.025806447392085	74.529032254112082	73.032258060832078	71.535483867552088	70.038709674272084	68.541935480992095	67.045161287712091	65.548387094432087	64.051612901152097	62.554838707872094	61.058064514592097	59.5612903213121	58.064516128032103	56.567741934752107	55.070967741472103	53.574193548192106	52.077419354912109	50.580645161632113	49.083870968352116	47.587096775072112	46.090322581792115	44.593548388512119	43.096774195232122	41.600000001952125	41.226666668640121	40.853333335328124	40.480000002016126	40.106666668704122	39.733333335392125	39.360000002080128	38.98666666876813	38.613333335456133	38.240000002144136	37.866666668832138	37.493333335520141	37.120000002208137	36.74666666889614	36.373333335584142	36.000000002272145	35.626666668960148	35.253333335648151	34.880000002336153	34.506666669024156	34.133333335712152	33.760000002400155	33.386666669088157	33.01333333577616	32.640000002464163	32.266666669152166	31.893333335840168	31.520000002528167	31.14666666921617	30.773333335904173	30.400000002592176	29.729032260512174	29.058064518432172	28.38709677635217	27.716129034272168	27.045161292192166	26.374193550112164	25.703225808032162	25.03225806595216	24.361290323872158	23.690322581792156	23.019354839712154	22.348387097632152	21.677419355552153	21.006451613472152	20.33548387139215	19.664516129312151	18.993548387232153	18.322580645152154	17.651612903072152	16.980645160992154	16.309677418912155	15.638709676832155	14.967741934752155	14.296774192672157	13.625806450592156	12.954838708512156	12.283870966432158	11.612903224352157	10.941935482272159	10.270967740192159	9.5999999981121604	9.7066666649921594	9.8133333318721583	9.919999998752159	10.026666665632158	10.133333332512159	10.239999999392158	10.346666666272158	10.453333333152159	10.56000000003216	10.66666666691216	10.773333333792161	10.880000000672162	10.986666667552162	11.093333334432163	11.200000001312164	11.306666668192165	11.413333335072165	11.520000001952168	11.626666668832168	11.733333335712169	11.84000000259217	11.946666669472171	12.053333336352171	12.160000003232172	12.266666670112173	12.373333336992173	12.480000003872174	12.586666670752175	12.693333337632176	12.800000004512176	13.006451617440176	13.212903230368175	13.419354843296174	13.625806456224172	13.832258069152171	14.038709682080171	14.24516129500817	14.45161290793617	14.658064520864169	14.864516133792167	15.070967746720166	15.277419359648166	15.483870972576165	15.690322585504164	15.896774198432164	16.103225811360161	16.309677424288161	16.51612903721616	16.72258065014416	16.929032263072159	17.135483876000158	17.341935488928158	17.548387101856157	17.754838714784157	17.961290327712156	18.167741940640152	18.374193553568151	18.580645166496151	18.78709677942415	18.99354839235215	19.200000005280149	20.025806457120151	20.851612908960153	21.677419360800151	22.503225812640149	23.329032264480148	24.154838716320146	24.980645168160144	25.806451620000143	26.632258071840141	27.458064523680143	28.283870975520141	29.10967742736014	29.935483879200138	30.761290331040136	31.587096782880135	32.412903234720133	33.238709686560135	34.06451613840013	34.890322590240132	35.716129042080127	36.541935493920128	37.36774194576013	38.193548397600125	39.019354849440127	39.845161301280122	40.670967753120124	41.496774204960118	42.32258065680012	43.148387108640115	43.974193560480117	44.800000012320119	45.44000001232012	46.080000012320113	46.720000012320114	47.360000012320114	48.000000012320115	48.640000012320115	49.280000012320116	49.920000012320116	50.560000012320117	51.200000012320118	51.840000012320118	52.480000012320119	53.120000012320119	53.76000001232012	54.400000012320113	55.040000012320114	55.680000012320114	56.320000012320115	56.960000012320116	57.600000012320116	58.240000012320117	58.880000012320117	59.520000012320118	60.160000012320118	60.800000012320119	61.44000001232012	62.08000001232012	62.720000012320114	63.360000012320114	64	64.929032257919999	65.858064515839999	66.787096773759998	67.716129031679998	68.645161289599997	69.574193547519997	70.503225805439996	71.432258063359981	72.361290321279981	73.29032257919998	74.21935483711998	75.148387095039979	76.077419352959978	77.006451610879978	77.935483868799977	78.864516126719977	79.793548384639976	80.722580642559976	81.651612900479975	82.580645158399975	83.509677416319974	84.438709674239988	85.367741932159987	86.296774190080001	87.225806448	88.154838705920014	89.083870963840013	90.012903221760027	90.941935479680041	91.87096773760004	92.799999995520054	93.006451608448046	93.212903221376038	93.419354834304031	93.625806447232023	93.832258060160015	94.038709673088022	94.245161286016014	94.451612898944006	94.658064511871999	94.864516124799991	95.070967737727983	95.27741935065599	95.483870963583982	95.690322576511974	95.896774189439967	96.103225802367959	96.309677415295951	96.516129028223958	96.72258064115195	96.929032254079942	97.135483867007935	97.341935479935927	97.548387092863919	97.754838705791926	97.961290318719918	98.16774193164791	98.374193544575903	98.580645157503895	98.787096770431887	98.993548383359894	99.199999996287886	Offshore heaving body 	42370	42371	42372	42373	42374	42375	42376	42377	42378	42379	42380	42381	42382	42383	42384	42385	42386	42387	42388	42389	42390	42391	42392	42393	42394	42395	42396	42397	42398	42399	42400	42401	42402	42403	42404	42405	42406	42407	42408	42409	42410	42411	42412	42413	42414	42415	42416	42417	42418	42419	42420	42421	42422	42423	42424	42425	42426	42427	42428	42429	42430	42431	42432	42433	42434	42435	42436	42437	42438	42439	42440	42441	42442	42443	42444	42445	42446	42447	42448	42449	42450	42451	42452	42453	42454	42455	42456	42457	42458	42459	42460	42461	42462	42463	42464	42465	42466	42467	42468	42469	42470	42471	42472	42473	42474	42475	42476	42477	42478	42479	42480	42481	42482	42483	42484	42485	42486	42487	42488	42489	42490	42491	42492	42493	42494	42495	42496	42497	42498	42499	42500	42501	42502	42503	42504	42505	42506	42507	42508	42509	42510	42511	42512	42513	42514	42515	42516	42517	42518	42519	42520	42521	42522	42523	42524	42525	42526	42527	42528	42529	42530	42531	42532	42533	42534	42535	42536	42537	42538	42539	42540	42541	42542	42543	42544	42545	42546	42547	42548	42549	42550	42551	42552	42553	42554	42555	42556	42557	42558	42559	42560	42561	42562	42563	42564	42565	42566	42567	42568	42569	42570	42571	42572	42573	42574	42575	42576	42577	42578	42579	42580	42581	42582	42583	42584	42585	42586	42587	42588	42589	42590	42591	42592	42593	42594	42595	42596	42597	42598	42599	42600	42601	42602	42603	42604	42605	42606	42607	42608	42609	42610	42611	42612	42613	42614	42615	42616	42617	42618	42619	42620	42621	42622	42623	42624	42625	42626	42627	42628	42629	42630	42631	42632	42633	42634	42635	42636	42637	42638	42639	42640	42641	42642	42643	42644	42645	42646	42647	42648	42649	42650	42651	42652	42653	42654	42655	42656	42657	42658	42659	42660	42661	42662	42663	42664	42665	42666	42667	42668	42669	42670	42671	42672	42673	42674	42675	42676	42677	42678	42679	42680	42681	42682	42683	42684	42685	42686	42687	42688	42689	42690	42691	42692	42693	42694	42695	42696	42697	42698	42699	42700	42701	42702	42703	42704	42705	56	55.626666666560006	55.253333333120011	54.879999999680017	54.506666666240015	54.133333332800021	53.759999999360026	53.386666665920032	53.013333332480038	52.639999999040036	52.266666665600042	51.893333332160047	51.519999998720053	51.146666665280058	50.773333331840057	50.399999998400062	50.026666664960068	49.653333331520074	49.279999998080079	48.906666664640078	48.533333331200083	48.159999997760089	47.786666664320094	47.4133333308801	47.039999997440098	46.666666664000104	46.29333333056011	45.919999997120115	45.546666663680121	45.173333330240119	44.799999996800125	44.772413789904121	44.744827583008117	44.717241376112113	44.68965516921611	44.662068962320113	44.634482755424109	44.606896548528105	44.579310341632102	44.551724134736098	44.524137927840094	44.49655172094409	44.468965514048087	44.441379307152083	44.413793100256079	44.386206893360075	44.358620686464072	44.331034479568068	44.303448272672071	44.275862065776067	44.248275858880064	44.22068965198406	44.193103445088056	44.165517238192052	44.137931031296048	44.110344824400045	44.082758617504041	44.055172410608037	44.027586203712033	43.99999999681603	43.251612900176035	42.503225803536033	41.754838706896038	41.006451610256036	40.258064513616034	39.509677416976039	38.761290320336037	38.012903223696043	37.264516127056041	36.516129030416039	35.767741933776044	35.019354837136042	34.270967740496047	33.522580643856045	32.774193547216043	32.025806450576049	31.277419353936047	30.529032257296048	29.78064516065605	29.032258064016052	28.283870967376053	27.535483870736051	26.787096774096053	26.038709677456055	25.290322580816056	24.541935484176058	23.793548387536056	23.045161290896058	22.296774194256059	21.548387097616061	20.800000000976063	20.61333333432006	20.426666667664062	20.240000001008063	20.053333334352061	19.866666667696062	19.680000001040064	19.493333334384065	19.306666667728066	19.120000001072068	18.933333334416069	18.746666667760071	18.560000001104068	18.37333333444807	18.186666667792071	18.000000001136073	17.813333334480074	17.626666667824075	17.440000001168077	17.253333334512078	17.066666667856076	16.880000001200077	16.693333334544079	16.50666666788808	16.320000001232081	16.133333334576083	15.946666667920084	15.760000001264084	15.573333334608085	15.386666667952086	15.200000001296088	14.864516130256087	14.529032259216086	14.193548388176085	13.858064517136084	13.522580646096083	13.187096775056082	12.851612904016081	12.51612903297608	12.180645161936079	11.845161290896078	11.509677419856077	11.174193548816076	10.838709677776077	10.503225806736076	10.167741935696075	9.8322580646560755	9.4967741936160763	9.1612903225760771	8.8258064515360761	8.4903225804960769	8.1548387094560777	7.8193548384160776	7.4838709673760775	7.1483870963360783	6.8129032252960782	6.4774193542560781	6.1419354832160789	5.8064516121760787	5.4709677411360795	5.1354838700960794	4.7999999990560802	4.8533333324960797	4.9066666659360791	4.9599999993760795	5.013333332816079	5.0666666662560793	5.1199999996960788	5.1733333331360791	5.2266666665760795	5.2800000000160798	5.3333333334560802	5.3866666668960805	5.4400000003360809	5.4933333337760812	5.5466666672160816	5.6000000006560819	5.6533333340960823	5.7066666675360826	5.7600000009760839	5.8133333344160842	5.8666666678560846	5.9200000012960849	5.9733333347360853	6.0266666681760857	6.080000001616086	6.1333333350560864	6.1866666684960867	6.2400000019360871	6.2933333353760874	6.3466666688160878	6.4000000022560881	6.5032258087200878	6.6064516151840875	6.7096774216480872	6.812903228112086	6.9161290345760857	7.0193548410400854	7.1225806475040851	7.2258064539680849	7.3290322604320846	7.4322580668960834	7.5354838733600831	7.6387096798240828	7.7419354862880825	7.8451612927520822	7.9483870992160819	8.0516129056800807	8.1548387121440804	8.2580645186080801	8.3612903250720798	8.4645161315360795	8.5677419380000792	8.6709677444640789	8.7741935509280786	8.8774193573920783	8.980645163856078	9.083870970320076	9.1870967767840757	9.2903225832480754	9.3935483897120751	9.4967741961760748	9.6000000026400745	10.012903228560075	10.425806454480076	10.838709680400076	11.251612906320075	11.664516132240074	12.077419358160073	12.490322584080072	12.903225810000071	13.316129035920071	13.729032261840072	14.141935487760071	14.55483871368007	14.967741939600069	15.380645165520068	15.793548391440067	16.206451617360067	16.619354843280068	17.032258069200065	17.445161295120066	17.858064521040063	18.270967746960064	18.683870972880065	19.096774198800063	19.509677424720063	19.922580650640061	20.335483876560062	20.748387102480059	21.16129032840006	21.574193554320058	21.987096780240059	22.400000006160059	22.72000000616006	23.040000006160057	23.360000006160057	23.680000006160057	24.000000006160057	24.320000006160058	24.640000006160058	24.960000006160058	25.280000006160058	25.600000006160059	25.920000006160059	26.240000006160059	26.56000000616006	26.88000000616006	27.200000006160057	27.520000006160057	27.840000006160057	28.160000006160057	28.480000006160058	28.800000006160058	29.120000006160058	29.440000006160059	29.760000006160059	30.080000006160059	30.400000006160059	30.72000000616006	31.04000000616006	31.360000006160057	31.680000006160057	32	32.46451612896	32.929032257919999	33.393548386879999	33.858064515839999	34.322580644799999	34.787096773759998	35.251612902719998	35.716129031679991	36.18064516063999	36.64516128959999	37.10967741855999	37.57419354751999	38.038709676479989	38.503225805439989	38.967741934399989	39.432258063359988	39.896774192319988	40.361290321279988	40.825806450239988	41.290322579199987	41.754838708159987	42.219354837119994	42.683870966079994	43.14838709504	43.612903224	44.077419352960007	44.541935481920007	45.006451610880013	45.47096773984002	45.93548386880002	46.399999997760027	46.503225804224023	46.606451610688019	46.709677417152015	46.812903223616011	46.916129030080008	47.019354836544011	47.122580643008007	47.225806449472003	47.329032255935999	47.432258062399995	47.535483868863992	47.638709675327995	47.741935481791991	47.845161288255987	47.948387094719983	48.051612901183979	48.154838707647976	48.258064514111979	48.361290320575975	48.464516127039971	48.567741933503967	48.670967739967963	48.77419354643196	48.877419352895963	48.980645159359959	49.083870965823955	49.187096772287951	49.290322578751947	49.393548385215944	49.496774191679947	49.599999998143943	



Power Output for Small Scale < 50 kW
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psream of the runner (guie vanes can be adjusied © vary
the wate-flow). Another method is employ 3 “snail shell” fo the
runner I that way, the wate s gong to ener tangentially and is
orced to spin (7o53] e ey 423, High-pressure or ol-hydraulis cylinders
Francis turbines are suited for high head applications, therefore _Another method to convert the energy is to employ 3 high-
they are ot usualy employed for ocean encrgy applications,  PYESSUre or oil-hydraulics cyinders. These systems are used gen-
Frances urbine 1s basically a modification of Kapian turbine i €raly in slow oscilaing bodies (in transttion or roation) (3] ke
which water flows radially imvards into the runner ‘Aquabuoy [79] Pelamis 0] or PawerBuoy 37. The body mtion is
« Impulse hydro.turbine: the impulse turbine is drven by high _ converted into_hydraulic energy by a hydraulc cylinder or by
iy e rected onto. several curvedpindcs  various cylinders. To convert the hydraulc energy into electric
ot smandl o wheet The momensam of the water ot CNeTEY, an ordinary electrical generator which is drven by a fast
transferrd to the turbine, so tha the turbine rotates (76,75),  draulic motor s employed. To provide energy storage and to
‘The most common type of impulse trbine s Pelion turbine,  MAINAIN 3 constant flow t the hydraulic motor in order to
senerate a regular power outpur, usualy, between the cylinder
and motor, there s 2 5as or oil accumultor system that stores
energy over a few wave periods (Fiz. 12).

f— 424 Blctrical generator
The electrical generator is 2 common element in energy
conversion applications, and therefore in wave energy converters
It s required to convert the mechanical energy produced by the
Low preseurs| Mohoressuws  main element (trbine or mechanic interface) into_electrical
secvmistor | ] |uaor | sccomubtor energy to supply the grid. The vast majority of generators are
ped rotary, although linear generators have been developed for some
wave converters. The types of machines further considered
for such applications are: synchronous generators, induction
generators and linear generators [55]. Leaving aside the linear
generator, 2 comparison between different machines directly
coupled to 3 turbine is carried out in [51.82]. These works are
based in an OWC converter, but may be taken as a reference for
other WECs. The generators that have been discussed are listed
below:

ininr

m— ‘* Doubly Fed Induction Generator (DFIG),
* Squirrel Cage Induction Generator (SCIG).
Fig. 12 Schemati eprsentationof the hydrulc FTO.
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70 5.1. North Atlantic Oscillation

60 The North Atlantic Oscillation (NAO) is a major source of inter-
annual variability in the atmospheric circulation, associated with
50 changes in the surface westerlies across the North Atlantic [32].
Wave power in the study region has previously been linked to
0| the NAO [3,33,34], particularly over winter months. In order to
determine the time period during which such a correlation is
strongest for the study region, the Pearson linear correlation
coefficient (p) between monthly wave power to the west of Ork-
ney, and monthly NAO was calculated (Fig. 9). The time period of
consecutive months with a significance level of greater than 90%
was DJFM, and hence this extended winter period was used for
10 more detailed analysis.
DJFM wave power to the west of Orkney correlates well with
S A W T T A s 6 b the DJFM NAO, with a significant linear coefficient of determina-
tion r2 = 0.57 (at the 95% confidence level), for n =9 (Fig. 10).
Fig. 7. Annual cycle of monthly mean wave power for a 434 km? region to the west The relationship is positive; hence an extended winter period with
::“D;lme'y. Error bars show 90% confidence intervals, and grey shading indicates a strongly positive NAO (i.e. a winter that is characterised by stron-
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Fig. 10. Mean winter (December-January-February-March) wave power to the
west of Orkney plotted against the DJFM NAO. Labels yy/yy associated with each
point on the graph indicates the two years spanned by each DJFM period. The
dashed line is the least squares line of best fit (12 = 0.57).

1968/1969, 1995/1996 and 2009/2010), and therefore any recent
10 year hindcast is likely to include one of these events. Further,
it appears that the decade of simulation selected for this study
(2003-2012) was relatively typical of any recent decade hmdcast
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Fig. 12. Annual cycle of monthly mean power output for a 750 kW Pelamis device
located to the west of Orkney (location is shown in Fig. 1). Error bars show 90%
confidence intervals, and grey shading indicates range.

become a prominent feature over the British Isles during the latter
half of the twentieth century. Therefore, before we can meaning-
fully estimate how the wave power resource will vary in the future,
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