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1 Introduction 
The Engineering and Physical Sciences Research Council (EPSRC) Sustainable Power Generation and 

Supply (SuperGen) programme is the flagship research initiative shaping the future of the United 

Kingdomôs energy research landscape.  It contributes to the UK's environmental emission targets by 

conducting research that leads to radical improvement in the sustainability of the UK's power generation 

and supply.  The first of a total of 13 consortia was launched in October 2003.  The mission of these 

consortia was to establish a platform for the development of new and improved devices for efficient and 

sustainable power generation and supply.  The research of the Marine Energy Consortium focuses on 

developing the potential for future exploitation of the marine energy resource.  

1.1 Phase 1 

SuperGen Marine Phase 1 (October 2003 ï September 2007) brought together research staff from the 

Universities of Edinburgh, Robert Gordon, Lancaster, Heriot-Watt and Strathclyde.  Together they 

undertook generic research with the following long-term objectives. To: 

1. Increase knowledge and understanding of the extraction of energy from the sea; 

2. Reduce risk and uncertainty for stakeholders in the development and deployment of technology; 

3. Enable progression of marine technology and energy into true positions in future energy portfolios. 

In order to meet these objectives, thirteen research work packages (WPs) were undertaken: 

WP1 Appraisal of Energy Resource & Converters: Environmental Interaction; 

WP2 Development of Methodologies for Device Evaluation and Optimisation; 

WP3 Engineering Guidance; 

WP4 Offshore Energy Conversion and Power Conditioning; 

WP5 Chemical Conversion and Storage; 

WP6 Network Interaction of Marine Energy; 

WP7 Lifetime Economics; 

WP8 Moorings and Foundations; 

WP9 Novel Control Systems for Marine Energy Converters; 

WP10 Full-scale Field Validation; 

WP11 Assessment of Testing Procedures for Tidal Current Devices; 

WP12 Economic, Environmental and Social Impact of New Marine Technologies; 

WP13 Dissemination and Outreach. 

Phase 1 trained 13 PhD students that took up employment across the sector.  The outcomes and 

publications of this work are recorded in a preceding monograph, copies of which are available to 

download at the SuperGen Marine website - http://www.supergen-marine.org.uk/drupal/ 

1.2 Phase 2 

SuperGen Marine Phase 2 (October 2007 ï September 2011) brought together research staff from the core 

Universities of Edinburgh, Queenôs Belfast, Heriot-Watt, Lancaster and Strathclyde.  The consortium 

included affiliate Universities of Durham, Exeter, Highlands and Islands, Manchester, Robert Gordon and 

Southampton.  Together they undertook generic research with the following long-term objectives: 

1. Increase knowledge and understanding of device-sea interactions of energy converters from model-

scale in the laboratory to full-size in the open sea, subjected to waves and currents. 

2. Build human and physical capacity to carry out research and development to address remaining and 

new challenges as the expanding sector works towards the targets set. 

3. Internationalise its articulation, activities, perception and influence. 

There were twelve work streams (WSs). 

WS1 Numerical and physical convergence;  

WS2 Optimisation of collector form and response;  

WS3 Combined wave and tidal effects;  

WS4 Arrays, wakes and near field effects;  

WS5 Power take-off and conditioning;  

WS6 Moorings and positioning;  

WS7 Advanced control and network integration; 

WS8 Reliability;  

WS9 Economic analysis of variability and penetration; 

WS10 Ecological Consequences of Tidal & Wave Energy Conversion; 

http://www.supergen-marine.org.uk/drupal/
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WS11 Training and Development;  

WS12   Dissemination, Engagement and International Articulation.  

Through its Doctoral Training Programme, Phase 2 has trained over 30 PhD students.  Many have taken 

employment in the sector with, for example Vattenfall, AWS Ocean Energy, E-on, DetNorkseVeritas, 

Garrad Hassan and Open Hydro.  Many others have joined the research staff in universities across the UK 

and Europe. 

 

Phase 2 was advised by an Industry Research Advisory Forum that included Marine Current Turbines; 

Open Hydro; Pelamis Wave Power; Ocean Power Technology; Scottish&Southern Energy; Scottish 

Power; EdF; E-On; NPower; ETI; Carbon Trust; EMEC; NaREC; Crown Estates; Scottish Natural 

Heritage. 

 

Phase 2 collaborated with the following international partners: HMRC Cork - Ireland, TU Delft-

Netherlands, Ecole Centrale Nautique Nantes-France, Dalhousie University-Canada, Oregon State 

University, Florida Atlantic University, UMassïUSA; Universities of Osaka City and HokkaidoïJapan; 

Harbin Engineering University and Dalian University of TechnologyïChina; National Sun-Yat Sen, 

National Taiwan Ocean University, National Chen Kung UniversityïTaiwan. 

1.3 Phase 3 

The Marine consortium secured continuation funding for Phase 3, supporting a further five years of 

research from October 2011, and this brings together staff from the core Universities of Edinburgh, 

Queenôs Belfast, Strathclyde and Exeter. The consortium includes associate Universities of Plymouth, 

Heriot-Watt, Lancaster, Manchester, Swansea, Oxford and Southampton. Together they form the UK 

Centre for Marine Energy Research, whose core membership and management team will  aim to ensure a 

joined-up regional, disciplinary and thematic effort to meet the challenges in accelerating deployment 

towards and through 2020 targets, and maintain the international brand image and UK world-lead in 

marine energy with the following long-term objectives: 

1. Conduct world-class fundamental and applied research that assists the marine energy sector to 

accelerate deployment and ensure growth in generating capacity through 2020 targets. 

2. Expand and operate an inclusive marine network of academic researchers, industry partners and 

international collaborators. 

3. Continue to provide the highest quality of doctoral training and knowledge transfer in partnership 

with industry to build intellectual and human capacity for the sector. 

 

This document consists of five sections and contains three appendices. Section 2 summarises research in  

Phase 2 over the second four years of the programme. The aims of the future research in Phase 3 are 

presented in section 3.  The Doctoral Training Programme and Dissemination, Engagement and 

International Articulation are summarised in sections 4 and 5. Details of the individuals involved in the 

programme, abstracts of the research outputs from Phase 2 grouped by workstream, and then 

alphabetically, are contained in Appendices 1-3. 



SuperGen Marine Energy Research 

 

 5 

2 SuperGen Marine Phase 2 

WS1 Numerical and physical convergence 

WS1 worked closely with WS3&4 to improve the theory for model-scale wave creation, refine 

experimental measurement, and extend device numerical CFD modelling to aid convergence between 

numerical and physical modelling.  It has:- 

¶ Produced and established the first peer-reviewed and accepted pan-European system of protocols for 

evaluation of wave and tidal energy converter performance.  Invited paper WS1.3 introduces the 

collaborative European EquiMar project (coordinated by Ingram) where SuperGen partners have 

extended tank testing, resource characterisation, environmental and economic impact assessment 

methods to propose a European system of protocols for the equitable evaluation of both wave and 

tidal energy converters.  Invited paper WS1.18 describes the best practices developed in SuperGen 

marine for the testing of wave energy converters.  The new methodology described there has been 

included into the EquiMar protocols and is being considered for inclusion in the 62600 series IEC 

standard on tank testing.  

¶ Developed and implemented new free surface and Cartesian cut-cell models for the open source 

ñCode_SATURNEò flow solver under a 5 year Framework Agreement with EdF R&D.  In paper 

WS1.4 SuperGen authors present a new boundary condition treatment, based on the ghost fluid 

method, which exactly satisfies the zero-tangential shear condition at the free surface. The method 

builds on a level-set approach to locate the free-surface.  Under the ETI funded PERAWAT project 

the methodology described in this paper is being incorporated 

into Code_SATURNE.   In paper WS1.17, a companion paper 

to WS1.4, the numerical method is applied to study the 

splashing of a secondary jet. 

¶ Extended the Cartesian methods to capture and model sub-

surface and free-surface fluid flow in wave energy converters 

and offshore structures. Papers WS1.1&16 describe the 

extension of the free-surface capturing methods developed by 

the authors, for the inviscid Euler equations, to solve the full 

Navier-Stokes equations, and their subsequent application to 

violent wave overtopping on sea walls, breakwaters and other 

coastal structures.  The methodology described in the papers 

has also been extended for wave impacts on shoreline and 

breakwater installed OWCs and to the predecessor of the 

OYSTER wave energy converter.  The second paper also 

provides a detailed validation of the use of free-surface 

capturing methods which utilise a Godunov-type method to 

capture the density discontinuity at the free surface. 

¶ Advanced the science and practice of numerically modelling 

and physically measuring the creation and absorption of 

combined waves and currents.  Papers WS1.12, 21 & 29 

describe a consistent approach to the selection of control 

methodologies for absorbing wave makers.  These papers highlight that the novel wave maker shapes 

can be tuned for optimal performance at one frequency while the control algorithm can be tuned for 

another, giving much enhanced absorption over a wider range of incident wave frequencies.   

¶ Invented and developed the world-first floating wave-tape to measure wave shape.  Paper WS1.20 
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describes a world-first real-time floating fibre optic sensor, its data processing methodologies and 

software, and proof of concept field testing across a range of scales in European tanks.  SuperGen 

staff won consequent funding from the UK and industry support from Measurand Canada to develop 

and exploit this technology.   

¶ Co-invented and developed a dynamically calibrated laser wave gauge that has created a step change 

in the resolving of surface shape and motion in wave tanks.  Paper WS1.13 describes another 

measurement technology to be created in and around SuperGen.  Capture of reflected laser beams 

from the surface of waves in test tanks is now allowing the non-invasive real-time measurement of 

cnoidal waves and enables greater understanding of non-linear effects in tanks.  

¶ Applied non-linear boundary element methods to model the response of complex collector shapes. 

WS2 Optimisation of collector form and response 

WS2 developed and applied genetic algorithm techniques to evolve new shapes of wave energy 

converters that were tank tested to prove that they are better than those that human imagination or 

experiment could have suggested.  Applying biologically inspired evolutionary design to device shape 

and performance, WS2 worked with WS7 and has:- 

¶ Evolved novel device shapes for pitching/surging wave energy converters using genetic algorithms.   

Paper WS2.13 describes a strategy for optimisation of wave energy working surface shape, from a 

clean sheet, with no presupposition or human bias.  Staff developed a parametric description of the 

wave energy collector geometry that is 

compatible with a wide range of CAD/CAM file 

formats.  To reduce the size of the solution space 

that required to be searched, complex surfaces 

were generated from a small number of control 

points and their response tested rapidly within 

WAMIT  to seek breed improvement or 

degradation that could be subjected to penalty in 

performance cost functions. 

¶ Tested many radical new and perhaps unimaginable collector shapes for wave devices that can be 

bred into different forms for different wave climates. Descriptions of these usually intuitive collector 

shapes were initially  visualised in software but then exported 

to a rapid prototype moulder to produce 1/64
th
 scale models 

whose response and performance was tested and confirmed 

in the wave tank at Lancaster. 

¶ Proved that GA based evolution can suggest new shapes of 

wave converters that could increase energy yield. Papers 

WS2.3, 9, 11 & 13 describe how the primary drivers of the 

cost function in the optimisation can be customised to include 

ambient wave climate and constraints on system variables to 

give a more realistic appraisal of each shapeôs performance.  

Constraints and variables were included in the algorithm 

itself so that the routine became able to optimise variables 

such as displacement limits and externally applied damping and stiffness, leaving greater freedom to 

accommodate non-linear effects that may not be included in the cost function itself. The formulation 

of the cost function has identified several aspects which need to be considered when evaluating the 

collector shapes. Statistical methods may need to be applied to obtain a truly representative 

equivalent of a sea state, in terms of the number and distribution of waves with different phase 

groups. Power extraction can only be simulated when some form of control is applied and 

implemented efficiently within the cost function. One such design is described in Paper WS7.6. The 

inclusion of secondary considerations, such as ease of manufacture or maintenance, can also be 

implemented within the genetic algorithm structure. However, maintaining the balance between the 

primary goal of energy absorption and such secondary considerations was shown to be critical. 

Differentiating between shapes when a more realistic, constrained regime is imposed on the 

optimisation became more difficult as only a limited number of collector shapes produced exceptional 

results and many were similar in performance. Better and best device shapes have been found to 

change by evolutionary processes to perform better in differing wave climates and all differ from the 

first-generation shapes currently at, or on their way to, sea. 
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WS3 Combined wave and tidal effects 

WS3 has extended the understanding of how the design of wave and tidal current generators is 

influenced by the combined actions of waves and currents. In addition to the core activity, the nature of 

the research has also enabled contributions to publications relating to resource assessment, marine energy 

policy and even tidal barrage applications.  The workstream has worked very closely with WS4 

throughout and its significant contributions have included:- 

¶ Improved geographic resource assessment techniques leading, for the first time, to robust and, 

working in collaboration with Black & Veatch, increased estimates of the tidal energy productivity of 

UK coastal waters. These improved estimates are 50% higher than previously predicted.  

¶ Paper WS3.1 and several predecessor papers from Phase 1 formulated a robust procedure used to 

assess tidal energy potential, taking into account the nature of the resource and energy extraction 

effects.  It described, in detail, the formal, three dimensional nature of the tidal energy extraction 

process. Unlike the earlier publications, there was no dimensional simplification. This allowed the 

anomalous behaviour of tidal flows, subject to artificial extraction, to be assessed directly. 

Application of the methods in this paper allowed formal and rigorous resource assessment and 

physical environmental impact to be assessed. 

¶ Advising UK policy formation on the opportunities for and constraints on developing the sector 

towards the 2020 targets for marine energy. Paper WS3.2 won the 2007 ICivE David Hislop Award 

for defining the enabling needs of the sector at a crucial time and the impact of underpinning 

research.  Paper WS3.9 was communicated more widely in an invited presentation to the House of 

Commons Parliamentary Group for Energy Studies and presented a rigorous statement of potential 

for a marine industry and a clear identification of anticipated constraints to the development of both 

wave and tidal sectors.  

¶ Development of a framework for environmental impact assessment, demonstrated by case study of 

the Straits of Messina.  This has led to the first ever journal publication focussed on the interaction of 

tidal turbine arrays with sedimentation processes. Paper WS3.10 was the first academic paper to 

describe the procedures necessary to assess the environmental impact in the anticipated large scale 

tidal current developments of Crown Estates Rounds 1&2, specifically understanding the effects of 

energy extraction by machines in extended arrays and the direct physical consequence of this.  Paper 

WS3.10 evolved after initial modelling of Messina, when it became obvious that effective modelling 

of the hydraulic conditions would require a broad understanding of the ambient conditions if the 

models were to be useful for wider development purposes. 

¶ Collaboration with Bangor University (School of Ocean Sciences) leading to the first journal 

publication focussed on the interaction of tidal turbine arrays with sedimentation processes. Paper 

WS3.17 demonstrated for the first time that tidal energy extraction will alter the hydrodynamics of a 

tidal region, analogous to increasing the bed friction in the region of extraction. It identified that the 

energy extracted by tidal asymmetries due to interactions between quarter (M4) and semi-diurnal (M2) 

currents will have important implications for 

large-scale sediment dynamics. Simulations 

showed that energy extracted from regions of 

strong tidal asymmetry will have a much more 

pronounced effect on sediment dynamics than 

energy extracted from regions of tidal symmetry.  

Indeed this could lead to a 20% increase in the 

magnitude or bed level change averaged over the 

length of a large estuarine system, compared with 

energy extracted from regions of tidal symmetry. 

However energy extraction was still shown to 

potentially reduce the overall magnitude of bed 

level change compared to the un-developed site. 

This has serious implications for many intended development areas such as the Irish Sea and the 

Bristol Channel. Further work in this area has expanded the analysis to 2-d application and to 

additional generic geometries (e.g. around headlands and islands as well as estuary dynamics) 

¶ Design and assembly of a multi-jet current injection system that allowed the exploration of wave-

current interactions in existing wave tanks. This system can be installed, in principle, in any wave 
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basin with depths beyond 1m. A parallel system has also been developed to give retrospective current 

capabilities in narrow wave flumes. 

¶ Staff have field tested a novel 1/10
th
 scale tidal turbine in Montgomery Lough in Northern Ireland. 

This has immensely increased appreciation and understanding of the flow in close proximity to a 

horizontal axis rotor and increased confidence for the development of a twin rotor system developed 

for the ETI PeraWatt programme. 

¶ Created robust protocols, working with DECC,  to evaluate marine energy systems in the MRDF. 

¶ Provided advice, working with EMEC, on scaling issues for the new ¼ scale ñpre-EMECò facility.  

¶ Identified a key limitation of ADCPs for measurement of turbulent flow. Work will continue to 

understand and address this in collaborative research programmes.  

¶ Analysed the variability of expected design extremes and common instantaneous wave-current 

interactions that have now been applied to the expected load patterns on a tidal current turbine. The 

approach is being further developed to consider the long-term resource characteristics, and hence 

loading patterns, assuming standard wave climates appropriate for early stage tidal turbine projects. 

¶ Analysed the detail and interpreted the temporal nature of turbulence in tidal flows, including 

developing a quantitative appreciation of the implications of using Doppler profilers. This was 

initially based primarily on data from EMEC but has recently been extended in USA in collaboration 

with the University of Washington (WS3.24). 

¶ Developed wave-current impact guidance to inform two separate strands of the developing IEC 

TC114 International Standards.  The first considers appropriate means of data collection and analysis 

to characterise the resource.  The second provides best practice guidelines on how to implement the 

resource characteristics identified in the context of device design through an increased understanding 

of the variability of load patterns at various different time-scales.  

¶ Performed field tests in Strangford Lough that will continue to assess the influence of current on the 

behaviour of wave devices at a large model (1/10
th
) scale and enable the effect of marine current on 

the motions of freely floating bodies to be measured remotely. 

¶ Designed and deployed a unique buoy and ADCP array off the North Cornwall coast specifically to 

provide support to the Wave Hub, additionally re-appraising wave climate data for the site.  

WS4 Arrays, wakes and near field effects 

WS4 has enhanced understanding of the interactions between individual devices in wave or tidal 

arrays, and how the arrays themselves interact with the hydrodynamic environment. It worked with WS3 

and has:- 

¶ Established new understanding of wake effects in tidal current turbine arrays.  Paper WS4.1 described 

the application of CFD techniques to tidal turbines at model scale so that laboratory methods could be 

subsequently applied for verification before full scale data was available.  Paper WS4.6 closed the 

modelling-experimental loop and gave confidence to the application of wake modelling methods for 

array interaction modelling of tidal current turbine arrays. 

¶ Developed new experimental techniques for measuring multi-mode spectral waves in arrays.  Paper 

WS4.27 reports a major step that allows greater understanding of the outputs from laboratory tests.  

Hitherto, robust, multi-mode spectra directional wave measurements have been difficult, if not 

impossible, to perform in laboratory facilities. This paper challenges conventional wisdom and shows 

how the pseudo random nature of laboratory waves can be used to the advantage of experimentalists 

and how the application of modified versions of techniques originally developed in the 1980s could 

be extended to enable a new generation of 

testing. In addition, paper WS4.25 details 

the analysis of a wave basin to determine its 

suitability for testing wave energy converter 

arrays and shows that the homogeneity of 

the wave basin is critical. 

¶ Identified that the near-shore wave resource 

is far more energetic than previously 

realised. Paper WS4.5 was the first to relate 

the significance of the nearshore resource 

and introduced the 'exploitable wave energy 

resource' as a more realistic way of comparing the offshore and nearshore wave resource relevant to 
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energy extraction. It showed that the exploitable nearshore resource is only 23% less than that 

offshore even when there is a shallow sea bed slope such as in South Uist. The reduction is less where 

there the seabed is steeper. The analysis takes into account the directionality of wave power device 

arrays and highlights that using an omni-directional wave resource value and an unlimited installed 

capacity in wave power assessment is very misleading because it can make offshore sites look much 

more energetic than shallower nearshore sites.  

¶ Developed the first spectral model that suitably represents wave energy converters.  Paper WS4.19 

reported on the development of a spectral model which incorporated a suitable representation of wave 

energy converters. It is an extension of a frequency domain model which includes non-linear forces 

without the high computational cost of a time domain model. A bottom hinged flap type wave energy 

converter was used in the analysis. The development of a spectral model of wave energy converters 

enables their inclusion in coastal modelling tools such as SWAN and Mike 21 SW leading to the 

modelling of environmental impact and energy yield of wave farms in the coastal zone. Paper 

WS4.20 analyses the accuracy of using phase-averaged interactions between wave energy converters 

and it is shown that except where the devices are very close to each other a phase-averaged 

representation is a reasonable approximation. Paper WS4.24 provides wave-tank validation of a 

spectral-domain model of an oscillating water column.  

¶ Field tested a 1/10
th
 scale novel semi-submersible tidal turbine in a dedicated open sea test site at 

Portaferry in Strangford Narrows in Northern Ireland, in association with WS3.  In addition the tidal 

turbine was towed from a purpose built catamaran with an integral instrumentation platform to 

measure its performance in steady uniform conditions as well as mapping its wake. The steady state 

performance was then compared with that in real tidal flows.   

WS5 Power take-off and conditioning 

WS5 developed design tools which incorporate structural, magnetic, thermal and electrical 

understanding, to allow cost effective development of next generation power take off systems for marine 

energy converters.  It worked with WS7 and has:- 

¶ Completed an analysis of hydrostatic bearing needs and designs for iron-cored and air-cored 

machines. 

¶ A double-sided iron-cored permanent magnet linear synchronous generator in a direct drive system 

needs a bearing system that is designed to react against in-line drive forces and quadrature clamping 

forces between the stator and translator that are up to 10 to 20 times higher than the generators shear 

forces.  Staff designed and built a wet linear test rig for assessing bearing materials for linear 

generators, in which the bearing materials are installed into a scaled linear generator and loaded with 

realistic magnetic forces.  Papers WS5.7, WS5.9 & WS5.14 describe the design of novel fluid film 

linear bearings and the full -size structural loading and drive rig. 

¶ Developed combined electromagnetic-

structural-thermal design tools that 

optimise the design of low-speed direct 

drive generators.  Papers WS5.11, 

WS5.14 & WS5.17 describe the tools 

developed, and WS5.33 illustrate how 

these tools were used to develop a novel 

lightweight permanent magnet generator. 

¶ Integrated hydrodynamic models of buoys 

into the design optimisation of direct 

drive linear electrical generators, taking into account the electromagnetic and structural design.  

Electromechanical and hydrodynamic simulation was combined in paper WS5.21 to simulate the 

behaviour of a novel generator connected to a heaving buoy. Numerical models were driven by data 

derived from an electromagnetic finite element analysis and from the WAMIT to simulate the 

integrated system in the time domain.  

¶ Analysed the thermal performance of generators in OWCs to show that generators could operate 

overloaded without exceeding the thermal limits, increasing the yield on investment. This work was 

done in collaboration with Wavegen.  Papers WS5.11 & WS 5.22 reported a
 
thermal model for an 

induction generator in an OWC where the thermal resistances used are found from steady state testing 

in the working environment.
 
The cooling available in this application is inherently better than that

 



SuperGen Marine Energy Research 

 

 10 

normally experienced by this type of generator and thus generators can potentially be under-rated to 

cost less, take up less room and run at higher plant capacity factors. 

¶ Investigated direct control of wave energy converters using a direct drive linear generator.  This 

pioneering work was among the first to explore direct drive linear electrical generators for wave 

energy driven by the mechanical complexity and low conversion efficiencies offered by hydraulic- 

and pneumatic-based systems. The work established that direct drive power take-off could be a viable 

alternative provided that a control scheme based on reaction force control was able to maximise 

energy extraction.  Papers WS5.2, WS5.5 & WS5.23 refer. Paper WS5.2 is 10
th
 most downloaded in 

the IET Renewable Power Generation journal.  

¶ Investigated fault mechanisms in generators and power converters in collaboration with NCKU in 

Taiwan and the University of Technology Sydney. There is little data on component reliability for 

wave and tidal generators. This work increased understanding of the 

potential component failure modes and informed design for 

reliability. In addition control methods were investigated to mitigate 

the impact of such faults, as referred to in papers WS5.31 and 

WS5.35. 

¶ Developed a novel Permanent Magnet Generator C-GEN for direct 

drive applications.  Two patents have been filed per Patents 1&2.  

¶ Attracted Converteam to establish an Advanced Technology Group 

at Edinburgh to work on power electronics and electrical machines 

for renewable energy. 

¶ Formed spin out company NGenTec to develop this technology and 

successfully raised £4m from VCs, industrial investment, and a 

grant from DECC. 

WS6 Moorings and positioning 

WS6 explored the influence of mooring design and performance on the individual and multiple 

responses within arrays of wave converters simultaneously subjected to wave and tidal currents. This 

involved physical model tests and scale prototype tests in Strangford Lough. WS6 staff:-  

¶ Won consequent funds from EU Hydralab to support access to the Marintek Ocean Basin in 

Trondheim to test an array of 1:20 scale heaving moored buoys with power absorption - this was the 

first array test of its type in the world.  These tests showed that: currents acting orthogonal to the 

wave direction had limited influence on device responses;  power capture could be enhanced by array 

configuration;  severe resonant roll responses 

can be excited in regular waves ï these 

interactions were not observed in irregular or 

short-crested waves;  short-crested seas can lead 

to  increased mooring forces;  mooring loadings 

in an array can exceed those of single devices; 

the motion responses and mooring forces for a 

single device  broadly  correspond with 

predictions of a commercial software package. 

The implications of these findings are that 

devices intended to be moored in arrays should 

be tested in arrays in a wide rage of conditions 

spanning both power recovery and survival 

conditions, as discussed in papers WS6.3, 

WS6.6, WS6.8 and WS6.9. 

¶ Completed basin testing on mooring damping and stiffness with University of Exeter.  Tests on 

different mooring configurations have quantified that relatively large surface buoys are effective 

shock absorbers which limit the peak loads in the mooring system. This implies that mooring design 

should consider the total behaviour of each mooring leg as well as individual components and that 

sufficiently robust shock absorbing components should be included in the overall design to limit 

mooring loads in survival conditions. Paper WS6.11 refers. 
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¶ Completed a simulation study of the interaction between mooring ground chains and the sea bed.  

This analysis has quantified the influence of tidal range and wave conditions on the sea-bed 

interactions. Paper WS6.10 refers to how moorings in particular can scour the sea bed. 

¶ Developed a novel inertial motion monitoring methods for field measurements of moored devices.  

¶ Designed, constructed and deployed a moored wave energy device in Strangford Lough including 

measurement of motions and mooring forces. Unlike previous tests in wave basins, these open-water 

trials resulted in mooring force measurements combining wave and current forcing with strong tidal 

influences. The force time-series are highly non-stationary and nonlinear necessitating the 

development of non-standard analysis methods in both time and frequency domain.   

¶ Contributed mooring load cells and inertial motion measurement device to the EVOPOD tidal energy 

project (Oceanflow Energy) trials in Strangford Narrows. 

¶ Designed, constructed and deployed a mooring test buoy in Falmouth bay. 

¶ Won consequent funding from TSB, in collaboration with Ocean Power technology, to support 

development of the PB500; and with Fred Olsen to develop the FO device for installation at Wave 

Hub; and with Bauer, Voith Siemens and Mojo maritime to develop marine installation methods. 

WS7 Advanced control of devices and network integration 

WS7 has developed a real-time wave to wire model of an array of moored wave devices, each with 

power take-offs and control systems, that is connected to a configurable electricity network.  It has:-  

¶ Extended the understanding of simple device control and response.  Paper WS7.7 extends the theory 

on capture width of a linear WEC and shows it to depend on two properties: the spectral power 

fraction (a property introduced in this paper), which depends entirely on the sea state, and the 

monochromatic capture width, which is determined by the geometry of the WEC and the chosen 

power take off (PTO) coefficients. For the first time capture width was shown to be a measure of how 

well these two properties coincide.  The paper considered the effects of PTO control on the capture 

width and distinguished between this and geometry control. It listed the assumptions made in the 

formulation of capture width and highlighted the limitations of capture width as a design tool for 

estimating annual power capture of a wave device. 

¶ Developed array planning tools that can increase power smoothing and network integration. Paper 

WS7.4 describes the development of a generic, time domain, wave-to-wire model used to explore the 

effects of: increased device numbers, array size and physical positioning and adjustment of control 

parameters. The three-dimensional wave field was modelled as non-stationary, with statistical 


