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The Aims

MARINE

• Increase knowledge and understanding of
device-sea interactions of energy converters
from model-scale in the laboratory to full size in
the open sea.
• Reduce risk and uncertainty for stakeholders in
the development and deployment of technology;
• Enable progression of marine technology and
energy into true positions in future energy
portfolios

Activities within Supergen

MARINE

• Operated through 11 parallel technical
work streams and operational Work
Streams
• Each Work Stream was multidisciplinary
and directed to specific deliverables
• Most Work Streams were multi-institutional
• Programme was developed with
consultation between the research,
development and regulatory sectors

Technical Work Streams
WS1 Numerical and physical convergence
WS2 Optimisation of collector form

WS3 Combined wave and tidal effects
WS4 Arrays, wakes and near field effect
WS5 Power take-off and conditioning
WS6 Moorings and positioning
WS7 Advanced control
WS8 Reliability
WS9 Economic analysis
WS10 Ecological Consequences

MARINE

WS1:Numerical and Physical
Convergence
• Quantified the importance of
nonlinearities to multi degree of
freedom floating systems
• New techniques now minimise
known limitations in model testing
• CFD embedded in wave response
models
• 3D models of tidal turbines
• At last, a robust formal theory of
absorbing wave generation!!
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WS2:

Optimisation of collector form

• Applied genetic algorithms
to design new optimal
shapes for collectors across
a wide range of sea
conditions
• Has identified wave device
designs without direct
human involvement
• Closely integrated numerical
and physical studies under
the “control” of GA
• This is how the latest
generation of airliners are
designed!
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WS3:

Combined Tide and Wave

• Quantified 2nd order current influence
on wave devices
• Tested tidal current models in moving
and still water to enhance understanding
of wave and turbulent influences
• Established the limitations of Doppler
profilers
• Determined procedures for
discrimination of wave and turbulence
influence on profiler records
• Quantified tidal “gust” statistics
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WS4:

Arrays and Wakes

• Wave array interactions in 1/20th
scale tests
• Developed new spectral modelling
techniques
• Device-array-geographic effects in
resource assessment
• Reappraised the UK tidal resource.
• Quantified opportunities available to
wave developers in “shallow” water

WS5:

Power take-off and
conditioning

• Developed slow speed direct
drive linear and rotary
generators
• Reduced weight and increased
ratio of active to passive mass
• Integrated design and optimised
generator response against
resource variation.
• 2 patents and a spin-out
company
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WS6:

Moorings and positioning

• Developed and evaluated
improved numerical models of
buoys and moorings
• Large scale laboratory tests
conducted
– Sea trials ongoing

• Identified and quantified
device and mooring system
interactions in array operation
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WS7:

Advanced control/network
integration

MARINE

• Can now model arrays in any geometry from wave to wire,
for any hull form, in 6 DoF, real time in non-stationary seas
with device-device interaction.

WS8:

Reliability

• Established techniques to
interpret and apply data
from related industries to
predict MTBF and advise
maintenance regimes.
• Quantification of the
vulnerability of electronicbased hardware

MARINE

WS9:

Economic analysis of
variability and penetration

MARINE

• Demonstrated that levelised costs of tidal energy can be
competitive with offshore wind
• Assessed impact of alternative funding support
mechanisms
• Assessment of the benefit of this new energy industry to
society
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WS 10:

Ecological Consequences of
Marine Energy Conversion

• Background and foreground
monitoring in Strangford
Lough and Orkney
– on beaches, shorelines and
seabed.

• Identification that SeaGen
has had no significant
influence on the ecosystem
in Strangford
• The “Terabuoy” used to
give 18 month shoreline
energy exposure for Orkney
• The “Turbine Collision
Detection System”

MARINE

WS11:

The Doctoral Training
Programme

MARINE

Trained over 40 PhD students in and out of SG2,
many of whom are now employed in sector

Thesis Output-1

MARINE

• ‘Bearings for Linear Direct Drive Generators’ University of Edinburgh
– completed; Current place of work: Open Hydro
• ‘Numerical modelling of Absorbing Wave-makers’; University of
Edinburgh – completed; Current place of work: Vattenfal
• ‘Dynamics of a Cylinder with an Off-Centered Axis of Rotation as a
Wave Energy Converter’; University of Edinburgh – completed;
Current place of work – GL Garrad Hassan
• ‘Quantification of the influence of directional sea state parameters
over the performances of wave energy converters’; University of
Edinburgh – completed; Current place of work: University of
Edinburgh;
• ‘Coordinated control and network integration of wave power farms’;
University of Edinburgh - finalising;
• ‘Methodologies for Evaluating Tidal Potential in UK’; University of
Edinburgh - finalising;

Thesis Output-2
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• ‘Numerical modelling of tidal resonance in response to the
construction of a tidal barrage’; University of Edinburgh – finalising;
Current place of work: University of Edinburgh;
• ‘Design optimisation of linear electrical generators’; University of
Edinburgh – in progress; Current place of work: University of
Edinburgh;
• ‘Wave Forecasting for Short-term Power Prediction’; University of
Edinburgh – in progress;
• ‘Investigating the Hydrodynamic Performance of a Tidal Turbine’;
Queens University Belfast; – in progress;
• ‘Morphology and Ecology of the Kelp Laminaria digitata in Relation
to the Hydrodynamic Environment’; Queens University Belfast –
finalising; Current place of work: Queen's University Marine
Laboratory, Portaferry;

Thesis Output-3
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• ‘Strength in Flexibility - Research in Innovative Flexible Permanent
Magnet Generator Designs’; Lancaster University; – completed;
Current place of work: University of Central Lancashire
• ‘Analysis of the near wake of a horizontal axis tidal turbine’; Queens
University Belfast – in progress;
• ‘Continuous-time PIP control of marine energy converters’;
Lancaster University; -finalising;
• ‘A numerical investigation into torque ripple and power in vertical
axis tidal turbines’; Lancaster University; - completed;
• ‘Reliability of marine energy converters’; University of Exeter –
completed; Current place of work: University of Exeter;

Thesis Output-4
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• ‘Numerical implementation of experimentally derived damping
properties of mooring lines for Wave Energy Converters’; University
of Exeter – completed;
• ‘Modelling the potential economic impact of developments in the UK
tidal energy sector’; University of Strathclyde – completed; Current
place of work: University of Strathclyde;
• ‘Economics of climate change, carbon policy and renewable
energy’; University of Strathclyde – finalising;
• ‘Characterising downstream wake development and propagation in
horizontal axis tidal turbines’; University of Strathclyde – finalising;
• ‘Exploring Links between Wave Regime Changes and Biotic
Assemblages’; Heriot-Watt University – in progress;
• ‘Scale Effects in Tidal Current Devices’; The Robert Gordon
University – finalising;

Thesis Output-5

MARINE

• ‘Wave energy strings for electricity production and
coastal protection’; University of Manchester; – finalising;
• ‘CFD Techniques for Modelling Wake Effects in Tidal
Turbine Arrays’; Southampton University – finalising;
• ‘Prediction of the Reliability of Tidal Stream Devices
Using Surrogate Data’; Durham University – in progress;
• ‘An integrated modelling framework for Environmental
Impact Assessment of Large-Scale Tidal Arrays’;
Environmental Research Institute, University of the
Highlands and Islands – in progress;
• ‘Renewable energy in the Pentland Firth’; Environmental
Research Institute, University of the Highlands and
Islands) – in progress;

Thesis Output-6

MARINE

• ‘Ecological impacts associated with renewable energy devices in
extreme marine environments’;
Environmental Research
Institute, University of the Highlands and Islands – in progress;
• ‘The impacts of offshore power:mitigation through habitat provision’
Scottish Association for Marine Science UHI – in progress;
• ‘The impacts of marine renewable energy structures on the invasion
of biofouling non-native species’; Scottish Association for Marine
Science UHI – in progress;
• ‘Offshore marine renewable energy structures as artificial islands:
implications for dispersal, population connectivity and biogeography
of coastal species’; Scottish Association for Marine Science UHI – in
progress;

WS12:

Inreach, outreach,
dissemination
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Around 200 publications
Partnerships in: HMRC Cork, TU – Delft, ECN – Nantes, Dalhousie –
Canada, Oregon State, Florida Atlantic, UMass – USA; Kyoto and
Hokkaido – Japan, Harbin Engineering University and Dalian
University of Technology – China
Host EERA, work with Scottish, UK Gov, IEC, IEA, NREL, DoE……

