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Wave power extraction from an array of submerged plate-WECs
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Submerged elastic plates can work as plate-wave energy converters (WECs) to capture wave power
provided that piezoelectric layers are bonded to both faces of the flexible substrate [1]. In this paper,
performance of a wave farm of plate-WECs is investigated. The plate-WECs are simulated by an array of
submerged elastic disks [2], which can be either simply supported or clamped at the edges. The effect of
the piezoceramic power take-off (PTO) system is modelled as the porosity parameter. A theoretical model
based on the linear potential flow theory and eigenfunction matching method is developed to solve the
hydroelastics of the submerged disks. The theoretical model is applied to carry out multi-parameter study
on wave power extraction of a single submerged plate-WEC, and an array of plate-WECs as well. It is found
that for a single plate-WEC with large porosity parameter, the wave power absorption decreases with the
increase of the device submergence. However, for a plate-WEC with some specified values of porosity
parameter, the largest wave power absorption is obtained when the device is submerged at a certain
submergence not too shallow. Deploying multiple plate-WECs in an array is found to be a more promising
approach for wave power absorption compared to enlarging the area of a single plate-WEC.
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HYDRODYNAMIC INVESTIGATION ON A FLOATING CYLINDRICAL
OSCILLATING WATER COLUMN WAVE ENERGY CONVERTER
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Among all the wave energy converters, the oscillating water column (OWC)-type wave energy converter
(WEC) is the most attractive and extensive one due to its simple structure and reliable technology [1].
However, most researches on OWC device are focused on the bottom-standing ones constructed on the
shoreline[2]. The development of floating WEC devices has been in the urgent stage since the offshore
wave energy exploitaiton attracted the world attention[3, 4].
In the present study, the hydrodynamic performance of a floating OWC WE) was investigated
experimentally and numerically. The physical experiment was carried out at a nonlinear wave flume at
Dalian University of Technology. The floating cylindrical OWC device is constrained by the spring and
only moves in the heave mode. A second-order time-domain higher-order boundary element method
(HOBEM) based on the perturbation expansion technique is applied to simulate the nonlinear wave
interaction with the floating OWC device. The nonlinear terms of pneumatic and viscous damping are
introduced on the free surface boundary conditions inside the OWC chamber. The comparisons between
experimental data and numerical results for the air pressure and surface elevation in the chamber, the
hydrodynamic efficiency and the vertical displacement of the OWC device were performed. The effects
of the opening ratio, wave steepness, mooring stiffness and chamber draft on the hydrodynamic
performance were investigated. It was found that the optimal opening ratio is between 2% and 3% for the
proposed OWC device. The mooring stiffness has a great influence on the hydrodynamics, i.e., the
hydrodynamic efficiency and the effective frequency bandwidth increasing with the mooring stiffness.
Compare to the fixed OWC device[5], the hydrodynamic efficiency increases due to the vertical moment
in the high frequency domain. For the proposed floating OWC device, a shorter chamber draft can lead to
a wider effective frequency bandwidth, though the resonant efficiency and frequency decrease. The
present HOBEM model can enable the structural design of the floating OWC device.
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Evaluating the impact of wave energy convertors on their host environment requires monitoring at
appropriate spatial and temporal scales, with methods that can assess relevant ecological receptors.
Focusing on EMEC’s wave energy test site at Billia Croo in Orkney, the Strategic Environmental Assessment
of Wave energy technologies project (SEA Wave; www.seawave-emff.eu) incorporates a suite of
monitoring approaches aimed at evaluating wave energy converter (WEC) effects on the environment,
over a range of receptors. The techniques employed provide detailed data on seabed biodiversity and
integrity, demersal species, pelagic fish aggregation and biomass, and soundscape.
An overview of the methods and the integrated approaches employed in the SEA Wave project will be
presented, alongside initial observations from Towed Underwater Video (TUV), Baited Remote
Underwater Video surveys (BRUVs), and active acoustic surveys for fish and soundscape characterisation
using passive acoustics from the first year of monitoring at the EMEC site. These observations provide
comparable and robust baseline data in the framework of a long-term monitoring programme that can be
used to evaluate environmental effects of wave energy developments during the planning and monitoring
phases.
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Real-time wave-by-wave prediction of weakly nonlinear unidirectional irregular
wave-fields
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We report on the development of efficient models for the prediction of unidirectional wave-fields of up
to second-order non-linearity. The aim is to provide a reliable approach to deterministic sea wave
prediction (DSWP) relevant to the operation of efficient wave power machines. It has been shown [1] that
the power output from a wave power machine can be at least doubled with phase control; this in turn
requires future prediction of quantities such as the incident wave at the device location.
These models are based on preliminary processing of the record, from a single-point measurement, prior
to prediction. The fundamental problem with the use of Fast Fourier Transform (FFT) in forward prediction
is the inherent assumption of periodicity of the record beyond its ends. The main aim here is to enhance
the performance of the FFT algorithm during prediction of linear wave-fields while retaining its
computational efficiency. Given a measured wave record up to the present time, we observe that
introducing a smooth transition of the record down to zero at both ends either by linear ramping or by
adding half of a NewWave-type wave group improves the prediction dramatically compared to just using
the raw record. Our schemes are tested on their capability to reconstruct and then forecast synthetic
wave-fields at locations down-wave and into the future. Comparisons are made by computing the
numerical error within a theoretical predictable zone which is also estimated in our work.
We also aim to predict weakly non-linear sea states that include both sum and difference bound wave
components calculated using exact 2nd order theory. Even in relatively close to linear sea-states it is
important to account for these 2nd order bound waves as both the upper tail of the difference components
and the lower tail of the sum frequency terms overlap with the main linear energy transporting
components. Thus, a simulation method that initially linearizes the signal, then advances it in both space
and time, and then finally re-inserts estimated 2nd order harmonics based on a narrow-banded
approximation proves to be very effective, yielding substantial improvements compared to assuming the
measured records are completely linear. Estimation of both the sum and difference 2nd order terms
requires estimation of the Hilbert transform (90° phase-shifted version) of the main linear component,
the sum term looking like a local double frequency Stokes harmonic of a regular wave and the difference
term being proportional to the square of the local linear wave envelope. For synthetic wave records for
waves on intermediate water depth, of relevance to the type of locations likely to be used for wave power
machines, we find that wave measurement a few wavelengths upstream of the location of the machine
allows waves at the machine to be accurately predicted a few wave periods into the future – sufficient for
reactive control and increased power extraction.
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On the Application of a Design Loads Generator Methodology in the
Determination of the Design Loads of a Point Absorber Wave Energy Convertor
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Much attention has been paid in recent years to the determination of design loads for moored floating
structures. The application of established methodologies for fixed structures, such as focused waves, have
been found to be ineffective due to the dynamic nature of offshore renewable energy [1, 2]. This paper
compares some of these approaches and focuses in particular on a design loads generator (DLG)
methodology [3] developed for ship design and whether it can be successfully applied to wave energy
converters (WECs). The approach is then used to select a series of wave profiles which are run
experimentally to reproduce a range of extreme responses. A WEC-Sim numerical model is used in the
analysis and calibrated against the results of physical experiments. The limitations of reproducing specific
wave profiles in wave tanks and the numerical modelling error are discussed. The modelling error is
determined by comparison to extensive physical experiments and a median error of just under 10% is
found in recreating the extreme response of the mooring. The resulting methodology will be used in future
to estimate extreme responses of devices, select design loads and run wave profiles experimentally which
produce responses in the region of the design loads. The three main outcomes of this research will be
presented, the first is an extensive calibration and validation of a WEC-Sim model for use in the modelling
of extreme mooring responses. The second is the application of a DLG methodology to wave energy
applications and the third is the determination of design waves for use in physical experiments.
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Despite its large potential, wave energy technology has not yet been realized and installed on a
large commercial scale. One of the big challenges that remain is how to guarantee the survivability of
wave energy converter (WEC) in harsh offshore conditions. Accurate modeling and prediction of
extreme loads for survivability is of crucial importance for wave energy to become commercially
viable. CFD methods are applied for the simulation of ocean wave propagation and interaction with
WEC systems in order to capture nonlinear and complex phenomena in steep and high amplitude waves
In recent years, several methods to model WECs in extreme waves have been developed, but it is
not yet clear how the different methods compare. There are three common approaches for designwave representation, as reviewed by [1]: irregular wave trains, equivalent regular waves and focused
waves based on sea state parameters. The purpose of this work is the comparison of equivalent regular
waves and focused NewWave theory waves when studying the response of a point-absorber WEC in
extreme waves, using the open-source CFD software OpenFOAM.
Additionaly, it is estimated that due to extreme and steep wave events, the large WEC
dynamics results in reduced mesh stability and quality, and may result in crashing simulations. The
dynamic mesh method of morphing mesh is an effective approach for milder wave conditions
incorporating the mesh changes in a smooth way during the simulations. The idea of overset mesh
method, included in later OpenFOAM versions, can be used in these kind of applications as an
alternative to dynamic mesh solution. The new overset mesh functionality in OpenFOAM toolbox has
been applied in a limited number of WEC problems listed by [2]. Simulations for a number of extreme
sea states were conducted for the purpose of comparison the traditional morphing mesh and overset
mesh approach.
The results from the comparison of the equivalent regular wave profile with focused wave show
that the different extreme wave modeling methods produce different dynamics and extreme forces
acting on the system. It is concluded that for the investigation of point-absorber response in
extreme wave conditions, the wave train dynamics and the motion history of the buoy are of high
importance for the resulting buoy response and mooring forces. Therefore, the scenario of focused
waves embedded in a regular wave background is reinforced [3]. Regarding the comparison of the two
dynamic mesh methods, both methods present good agreement in terms of the WEC response up to
the point both cases run. However, the morphing mesh method fails to complete the simulations due
to high mesh deformation, instead overset method successfully provides the solution [4]. The general
scope of the present work is to provide reliable and realistic methods to simulate WEC response in
extreme sea conditions in order to reinforce the contribution of CFD simulations in the WEC systems
development.
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Marine growth (MG) gradually accumulates on exposed subsea cables. These marine organisms cover a
wide range of species with diverse characteristics including size, propensity to occur in clumps, pliability,
breakability and preferential orientation to the prevailing flow. As this MG establishes, hydrodynamic
loads on subsea infrastructure increases. However, the quantitative relationship between MG and
hydrodynamic forces remains poorly understood. Current design approaches for seabed cables typically
involve the addition of a uniform layer of constant thickness and roughness around the circumference.
Marine renewable energy projects are often located in environments with extreme oceanic conditions.
For these projects, demonstrating infrastructure stability and integrity is very challenging. Cables on soft
sediments are often trenched into the seabed, isolating them from significant hydrodynamic forcing and
reducing their susceptibility to MG. However, where the cable lays on the sediment’s suface and/or where
intermittent gaps or spans exist between the cable and seabed, the risk of failure due to Vortex-Induced
Vibration (VIV) increases; yet little is known about the influence of MG on VIV. For cables located on rocky
seabeds, where burial is impractical or prohibitively expensive, the probability of MG being established
on this infrastructure is uncertain and has not been systematically documented with insufficient
established tools and published guidance available. There is limited recognition that MG evolves over
time, can vary seasonally, and can be very highly selective about where it settles. Consequently, there is
a need to increase the capacity to accurately predict where and what type of MG is likely to establish, as
well as the possible temporal variability of MG. This is necessary to predict both the static and dynamic
impact on the stability of subsea cables.
This paper presents a review of the state-of-the-art in published research on the hydrodynamic forces and
propensity for VIV from pipelines and cables with MG. This review draws on various knowledge fields
including the study of flow and forces around coral and other complex seabed habitats.
The paper also provides a summary of recent research undertaken by UWA to investigate the asymmetric
formation of marine growth on horizontal pipes. This research has made use of a multi-pronged approach
including:
•
•
•

Back-analysis of field data in the form of ROV videos of sessile biota formed on subsea pipelines
and cables, informing and guiding subsequent research activities so they are grounded and
focused on field MG data;
Field trials through UWA RiverLab which enabled rapid prototyping and experimental
investigation of the asymmetric circumferential growth observed on model pipes in the Swan
River in Western Australia;
Laboratory experiments in UWA’s Large O-tube flume measuring fluid-structure interactions
through combining acoustic and PIV-based flow characterization with measurements of pipe
response to variations in MG asymmetric coverage, seabed gap ratio and pipe Reynold’s number.

Ultimately, the goal is to improve the industry’s ability to predict and manage the impact of MG on subsea
cables. This outcome is likely to have significant benefits for the marine renewable energy industry,
including a reduction in the need for costly stabilizing methods and reduced need to intervene on subsea
cable spans to manage VIV risk.
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Marine bio-energy; what do third generation marine biofuels mean for society?
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The production of third generation of biofuels from macoralgae (seaweeds) could offer an alternative to
fossil fuels in Northern Europe. To make this a reality would require an unprecedented expansion of
seaweed farming and associated infrastructure [1]. Yet, some renewable energy and aquaculture
industries are currently subject to resistance regarding their scale and perceived effects on the
environment; likewise, others are accepted due good industry-community relationships. Local
communities and relevant stakeholders pay close attention to new developments and they are
empowered to communicate their expectations of operators [2]. Furthermore, plentiful and quick
communication, e.g. through media and social media, are likely to influence public opinion and social
acceptance of the technologies. Social acceptance and social license to operate (SLO) reflect the quality
of interactions between industries and communities at a site-scale, and are seen as critical for industry
expansion [3]. Many energy operations are subject to resistance regarding the scale of development, their
effect on the environment or the use of certain technologies. This is generating an increasing interest in
attitudinal research in the renewable sector [4]. However, SLO is mainly studied when oppositions have
already occurred and it has not been investigated for activities that are not yet commercially operational.
In order to do this, public opinions and acceptance levels of a new industry are valuable tools to
understanding conditions where SLO may be granted or withheld.
This study explores the potential social acceptance of and SLO for seaweed farming for biofuels through
public perception, using a mixed methods survey. Data collection was carried out face to face in the street
and via an internet platform within a broad prospective development area in Scotland, Northern Ireland
and Ireland.
The results revealed a general positive perception for the development of biofuels from seaweeds.
However, perceptions appeared to be sensitive to participants’ views on other activities such as marine
renewables, aquaculture or fossil fuels. This illustrates potential connections of acceptance machanisms
across different sectors. The study also revealed that future SLO would be predicated on a number of
conditions: the scale of exploitation, the environmental impact, the context of participants’ life-world and,
a truthful relationship with the developer. These different aspects reflect the main themes present in the
SLO literature, and highlight a need for efficient and effective communication between industries and
their communities of interests at every stage of development.
REFERENCES
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In coastal and marine engineering various structures consist of thin porous or perforated elements such
as Jarlan-type breakwaters or fish cages. A potential new application to which this study contributes to is
the equipment of floating offshore wind turbine platforms with porous outer shrouds. The energy
dissipation between the main solid structure and a porous outer shroud aims to attenuate the motion
response and to increase the platform's stability respectively.
This wave structure interaction (WSI) problem can be studied numerically with a Reynolds-Averaged
Navier-Stokes (RANS) Computational Fluid Dynamics (CFD) approach. For the representation of the porous
structure, the geometry can either be resolved in detail in a microscopic manner or via the allocation of
averaged porosity momentum terms to a porous zone or surface in a macroscopic way. As a microscopic
geometry resolution requires a very fine mesh which results in extensive computational demand it is
deemed as unfeasible for many engineering applications. A macroscopic implementation is generally
preferential in terms of mesh generation, cell count and computational effort.
Macroscopic porosity approaches are either volumetric as porous media or as porous surface with a
pressure jump condition at the grid cell faces. The present work evaluates these macroscopic porosity
implementations for RANS modelling of the wave interaction of thin perforated plates and cylinders.
Porosity is implemented as a resistance term in the governing momentum equation. As turbulent losses
dominate for the flow across thin perforated sheets, this terms corresponds to a drag term [1]. The
porosity drag coefficient used here is defined as a function of porosity [2] and assumed as independent
of any wave parameters [3].
The CFD model results are compared among each other and to experimental results in terms of the
horizontal force on the porous structure, velocity profiles along the water column, wave gauges as well as
computing time.
This work can give marine engineers using CFD a starting point for modelling thin porous structures
exposed to waves. It gives an overview of the possible options for macroscopic porosity implementations
and their suitability and performance for wave structure interaction problems.
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We present a mathematical model to analyse the hydrodynamics of a novel Oscillating Water Column
(OWC) in a hybrid wind‐wave energy system [1]. The device has a coaxial cylindrical structure in which
the internal cylinder represents the mono‐pile of an offshore wind turbine while the external cylinder
has a skirt whose scope is to guide the wave energy flux inside the chamber and to increase power
extraction efficiency. The device shape is rather complex and the fluid velocity potential is solved by
applying the matching‐method of Bessel eigenfunctions. Within the framework of a linearised theory,
we model the turbine damping effects by assuming the airflow to be proportional to the air chamber
pressure. Consequently, the velocity potential can be decomposed into radiation and diffraction
problems. First, we analyse the case of monochromatic waves and derive several integral relations
based on the Green’s theorem which can be useful to check the numerical computations. Then we show
that both the skirt and the internal cylinder play an important role in the power extraction and the
sloshing dynamics inside the air chamber. Next, we extend the theory to the case of random waves
described by the JONSWAP spectrum and characterise the power extraction efficiency by applying the
superposition principle to the different incident wave frequency components. We find that the resonant
peaks related to the Helmholtz and sloshing modes decrease in intensity with respect to the
monochromatic case, and that the random waves have a broadening effect on the capture factor curve.
Interestingly, similar results were also found in the context of oscillating wave surge converters [2].
Finally, we validate the analytical model with laboratory data of [3]. We solved the problem by applying
the perturbation expansion to the velocity potential and showed that the air pressure and the
corresponding airflow through the orifice depend mainly on the diffraction potential at the leading
order. We evaluated the corresponding theoretical capture factor and compared it with that obtained
experimentally by [3]. Good agreement between both models was found especially for large incident
wave periods and large orifice diameters. We then compared theory and experiments by analysing the
response spectra of the free‐surface amplitude inside the OWC chamber in irregular waves. Good
matching was obtained for frequencies not close to the resonant Helmholtz pumping mode.
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The study presents a combined wave tank experiment and Computational Fluid Dynamics(CFD) study on
the OC3-Hywind Spar Floating [1] offshore wind turbine under extreme wave conditions. Focused wave
is adopted in the present study as one of the effective ways to model the extreme wave. The main
objectives of this study are to demonstrate how the focused waves could represent the extreme waves
and the difference of focused waves approach and other wave types to model extreme waves, i.e.,
irregular waves.
The experimental tank test was carried out with a 1/74 scale model both in irregular and focused wave
conditions in Kelvin Hydrodynamics Laboratory at the University of Strathclyde. The irregular waves are
designed by using identical wave spectrum with focused waves in the wave tank, and it will be helpful to
determine the viability of using different wave types to represent high amplitude waves. The study
provides a comparison of the dynamic responses, motion RAOs of the floater between focused waves
and irregular waves.
In addition, an in-house CFD code[2][3][4] based on an open-source CFD framework OpenFOAM [5] is
adopted to simulate the fluid flow around the Spar-FOWT in a numerical wave tank under regular and
focused wave conditions. Firstly, for code validation, the dynamic response of the Spar-FOWT is
simulated under regular waves and the results are compared with the existing research [6]. Next, the
focused wave with the identical wave spectrum provided by the experimental test is generated in our
numerical wave tank without the floating structure. After the validation of the focused wave generation,
the wave-structure interaction and the dynamic response of the Spar-FOWT is investigated under the
focused wave. The results show good agreement with the tank test which demonstrates the capacity
and the fidelity of our CFD tools.
Reference:
[1] Jonkman, J., 2010, "Definition of the Floating System for Phase IV of OC3," National Renewable
Energy Lab.(NREL), Golden, CO (United States).
[2] Liu, Y., Xiao, Q., Incecik, A., Peyrard, C., and Wan, D., 2017, "Establishing a fully coupled CFD analysis
tool for floating offshore wind turbines," Renewable Energy, 112, pp. 280-301.
[3] Liu, Y., Xiao, Q., Incecik, A., and Peyrard, C., 2018, "Aeroelastic analysis of a floating offshore wind
turbine in platform-induced surge motion using a fully coupled CFD-MBD method," Wind Energy.
[4] Zhou, Y., Xiao, Q., Liu, Y., Incecik, A., Peyrard, C., Li, S., and Pan, G., 2019, "Numerical modelling of
dynamic responses of a floating offshore wind turbine subject to focused waves," Energies, 12(18), p.
3482.
[5] OpenFOAM, 2018, "The OpenFOAM Foundation Website."
[6] Ahn, H.-J., and Shin, H., 2019, "Model test and numerical simulation of OC3 spar type floating
offshore wind turbine," International Journal of Naval Architecture and Ocean Engineering, 11(1), pp. 110.
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TIGER is the largest ever Interreg funded project aimed at reinvigorating the tidal stream industry in the
UK and France. This cross border, €45m, 4-year project aims to identify and establish the route to
commercialisation and expedite tidal energy’s contribution to Net Zero targets. By improving technology
and operational processes, TIGER will reduce tidal stream energy generating costs & increase uptake,
providing evidence to support the Catapult’s 2018 Wave and Tidal Cost Reduction Report.
Led by ORE Catapult it will:
• consent new sites and deploy turbines at sites in UK and France;
• develop a UK/FR supply cluster across the Channel region
• collect tangible evidence of cost reduction; and
• persuade UK/FR policy makers to introduce a preferential support mechanism for tidal stream.
The session will provide an update on the progress of TIGER, and will aim to identify the industry’s key
challenges and areas for cost reduction, highlighting these to the research community in order to inform
future research activity and support to supply chain innovation activity.
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PUBLIC PERCEPTIONS OF TIDAL ENERGY: CAN YOU PREDICT SOCIAL
ACCEPTABILITY ACROSS COASTAL COMMUNITIES?
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Early consideration of potential societal issues faced by the nascent tidal industry is important to
facilitate public engagement and potentially avoid levels of conflict that have arisen within other
renewable energy sectors; general expressions of public support (as reported in national attitude
tracking surveys) do not always translate into approval for local developments. There is a need to better
understand public perceptions of, and concerns regarding, tidal energy, to determine the likely
responses of local people to individual projects and so reduce risks within the consents process and
support marine renewable energy policy more widely.
Interviews were held with 963 people in three communities on the English coast of the Bristol Channel.
The questionnaire covered participants general use and perceptions of their local coastal areas; key
factors that shape their place attachment; their level of knowledge and general attitude to tidal energy
development in the UK; and the relative importance of specific tidal energy characteristics. In addition, a
typology that describes all coastal communities in England has been developed [1], which is being used
in marine plans to suggest community types that might be more amenable to energy developments [2].
This study therefore tested that assertion (which has not previously been evaluated empirically), and
hence whether maps produced from demographic variables collected in national census data can be
used to predict communities that are more, or less, likely to favour local tidal energy developments.
With the exception of age, demographic variables had little influence on the level of opposition to tidal
energy, which instead was affected more by attitudes towards tidal energy in general (in particular it’s
likely environmental impact), activities undertaken at the coast, and place attachment, factors typically
not captured by the national census data used to determine community types. No evidence was found
to support the assertion in the draft marine plan [2] that a specific coastal typology class was a
“probable good fit for energy developments”. Any predictions about the acceptability of energy projects
made as a result of community mapping based on demographic variables will not be a substitute for
thorough public engagement and consultation, which should centre on the implications of tidal
developments for the environment.
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Few numerical models capable of modelling the device performance and motions of floating tidal
energy converters (FTECs) under operational conditions currently exist. Capturing the coupled dynamics
between hydrodynamic body forces, operational loads of tidal stream turbines and mooring is not trivial,
but has been studied in models such as the RANS-VOF numerical wave tank developed by Brown et al. [1]
and Proteus DS model of the Sustainable Marine Energy device, PLAT-O #2 [2]. Furthermore, a numerical
model in which it is possible to predict FTEC performance over a range of operating conditions and over
extended time periods with low computational cost is currently not available.
Swansea University’s blade element momentum theory (BEMT) model, developed over numerous
years [3], is a validated and proven approach to predict the performance of tidal stream turbines with low
computational expense. To-date this model has been applied to bed-mounted tidal turbines but it is it yet
to be applied in the setting of a FTEC. The aim of this research is to capture FTEC dynamics by coupling
the Swansea University BEMT code with a rigid body motion model in order to represent the platform
motions induced by operational conditions, whilst also translating rotor loads into the overall platform
motions. The open-source low-mid fidelity wave energy converter dynamics software, WEC-Sim [4], is
chosen for coupling with the BEMT model, with the intention of maintaining the low computational cost
of each individual code.
The newly modified C++ version of the BEMT code has been successfully ported within the WEC-Sim
Matlab and Simulink library, in which rotor thrust and torque are modelled as point loads, as in Bivol et al
[2]. This contribution shows preliminary validation results against already-collected site data from a FTEC
deployment.
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An extensive record of current velocities at all levels in the water column is an indispensable requirement
for a tidal energy resource assessment. Traditional tidal prediction using the least squares method
requires a large number of harmonic parameters calculated by lengthy ADCP measurements, while long
term in-situ ADCPs have the advantage of measuring the real current but are logistically expensive. This
study aims to show how these issues can be overcome with the use of a neural network to predict current
velocities throughout the water column, using surface currents measured by a high-frequency radar,
whilst maintaining accuracy. Recurrent neural networks were trained using various learning algorithms
and numbers of hidden neurons with the aim of finding the network which could best simulate unseen
subsurface current velocities, compared to ADCP data.
This study shows that a recurrent neural network, trained with the Bayesian regularisation algorithm,
produces current velocities highly correlated with measured values: correlation coefficient (0.99), mean
absolute error (0.05 ms-1) and the Nash-Sutcliffe efficiency (0.98). The method demonstrates its high
prediction ability using only 2 weeks of training data to predict subsurface currents up to 6 months in the
future, while a constant surface current input is available. The resulting current predictions can be used
to calculate flow power, with only a 0.40% mean error in measurements. The method is shown to be as
accurate as harmonic analysis whilst requiring comparatively little input data and outperforms harmonics
by identifying non-celestial influences (figure); however the model remains site specific.

Figure. Upper: Network predicted and measured current velocities along with apparent error. Lower:
Harmonic predicted and measured current velocities with residual. 12.5 m above sea floor.
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Aims & Objectives: The authors previously [1] sought to determine a simple set of logic rules for
determining when a tidal turbine can be economically feasible (or not) for inclusion in an off-grid
microgrid. A number of key parameters influencing viability were identified, a large number of model
applications were analyzed, and a set of logic rules were determined from the results. However, one of
the main weaknesses in the approach of [1] was the relatively fixed nature of the tidal turbine model
employed. The aim of this work is to improve upon the work presented in [1] and thereby offer an update
to the logic for economic viability presented therein. To correct the original model shortcomings, we
derive a new representation of tidal turbine performance that spans a wide population of turbine designs.
The new representation is applied inside the framework of [1] to determine if the added flexibility in
turbine choice at any given site significantly alters the viability logic.
Methodology: A key area of improvement from [1] was how the performance curve for in-stream tidal
turbines was modelled. Previously, the turbine model allowed for scaling of the rated power, but the
turbine design speed (i.e. rated speed), as well as the cut-in and cut-out speeds, were fixed. This resulted
in a model lacking in generality, and thus the viability logic derived from its application was
overconstrained. As such, a more general, scaling tidal turbine model (based on performance data for nine
distinct designs) was developed for this work, which was then applied in a modified version of the
numerical modelling framework of [1] to produce economic viability predictions.
Results: From the results of the modified numerical modelling, simple logic rules for determining when
off-grid applications are either guaranteed to be viable or guaranteed to be non-viable, with respect to
tidal turbine deployment, were derived. These logic rules considered only a few application-specific
metrics, namely annual peak load, installed diesel generation capacity, price of fuel, annual peak tidal
current speed, and installed tidal turbine capacity. Therefore, these logic rules offer a fast and simple
means of screening candidate applications in order to determine which sites are viable, which cannot be
viable, and which are potentially viable (and thus warrant more detailed modelling and analysis). The tool
is useful when communities have an initial interest in exploring the potential development of a tidal
resource, typically motivated by anecdotal tidal flow intuition and/or community will. The tool can easily
provide those communities with a first-pass check on their aspirations and justify further in-depth viability
studies.
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NUMERICAL SIMULATION OF PARAMETRIC RESONANCE IN WAVE ENERGY
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A reduction in power capture is usually reported with the occurrence of parametric resonance in wave
energy converters (WECs), and so the importance of avoiding it has been recognised for some time.
Numerical simulations of parametric resonance in WECs normally employ the so-called nonlinear
Froude-Krylov model, which evaluates the hydrostatic and Froude-Krylov forces by integrating both the
hydrostatic pressure and the pressure due to the undisturbed incident wave over the instantaneous
wetted surface of the body. The other components of the hydrodynamic forces due to radiated and
scattered waves are assumed to remain linear. Since the forces due to the radiated wave on a floating
body can be of the same order of magnitude as the forces due to the incident wave, especially when the
body is in resonance, the accuracy of such an approach is open to question. Going further than a
nonlinear Froude-Krylov model by including nonlinear forces due to wave radiation would be a more
consistent approach, but this is expected to be more computationally demanding. The question is then
whether a simpler approach without considering any nonlinear wave forces is sufficiently accurate to
simulate parametric resonance in WECs. Such a model would run much faster than real time and would
be potentially useful for applications requiring real-time execution.
In this paper, a simplified approach is presented to simulate parametric resonance in a single floating
axisymmetric body, to represent a WEC of the point absorber type. The simplified non-linear model is
based on linear potential theory, and so it is assumed that wave forces are evaluated at the mean
position of the body. The main difference lies in the consideration of the instantaneous, instead of the
mean, positions of the buoyancy and gravity centres of the body relative to the free surface. This
modifies the expressions for the restoring moments and the off-diagonal elements of the mass matrix.
In addition, a quadratic damping representation of the drag forces is included. Otherwise, all wave
forces are linear. The resulting run time on a standard computer is up to two orders of magnitude faster
than real time. The accuracy of the method is assessed by comparing predictions of the body’s response
with those obtained from a nonlinear Froude-Krylov model and CFD simulations, for some selected
cases. The quantities of interest are especially the critical wave conditions (wave heights and periods) in
which parametric resonance occurs, as well as the amplitudes of the response once resonance takes
place.
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Site suitability mapping or spatial multi-criteria decision analysis is an approach used by planning
authorities and developers to guide the placement of new development such as renewable energy [1]–
[3], supporting blue growth and the transition to a low carbon economy whilst protecting existing users
and uses. While the use of spatial data in decision making is considered an objective approach, the
outputs of suitability modelling also depend on user-defined inputs (or decisions made at each step of
the process), which require expert judgement [4].
To increase transparency and auditability of decision-making using site suitability modelling, the
technique can be decomposed into a 10-step framework. This framework was developed by using the
siting of offshore wind in Scottish waters as a case study. The necessary user input is specified at each
step in the suitability mapping process.
As well as increased transparency, a step-by-step framework has the added advantage of easing
integration of new spatial data into the suitability model. This should aid scientists in translating novel
scientific data into decision support for siting offshore renewable developments. To illustrate this, the
framework will be used to investigate how data relating to seabird distributions using innovative biotracking techniques can be rapidly integrated into a decions support model to inform the siting of tidal
turbines within the Pentland Firth, Scotland.
[1] J. F. Tweddle, C. Kelly, and R. J. Shucksmith, “Regional Locational Guidance for wave and tidal
energy in the Shetland Islands - May 2013,” Scalloway, 2013.
[2] I. M. Davies, R. Watret, and M. Gubbins, “Spatial planning for sustainable marine renewable energy
developments in Scotland,” Ocean Coast. Manag., vol. 99, pp. 72–81, Oct. 2014, doi:
10.1016/j.ocecoaman.2014.05.013.
[3] S. Ferguson and J. Cousineau, “Web-based geospatial decision support system to facilitate marine
renewable energy site selection in British Columbia, Canada,” in 6th Annual Marine Energy
Technology Symposium (METS), April 30 - May 2, 2018, Washington D.C., USA, 2018.
[4] J. Malczewski and C. Rinner, Multicriteria Decision Analysis in Geographic Information Science.
Berlin, Heidelberg: Springer Berlin Heidelberg, 2015.
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Thorough understanding of the worldwide wave resource is of paramount importance to successful
global technological roll-out. In particular, classification of resource can both identify areas worthy of
further investigation and provide design wave climates for future device development. Fairley et al [1]
used k-means clustering with a range of wave climate parameters to provide an entirely data driven
device-agnostic global wave resource classification. All areas within 3⁰ of land and not covered in sea ice
were included in this analysis, regardless of available power. The motivation for this was to enable
future design development. Six classes, distinct in geographical and parameter space, were defined;
ranging from enclosed seas to the most energetic coasts. Discussion with wave energy device
developers identified the need for a similar classification that included constraints on area tested to
better match current industry requirements. The aim of the second classification is primarily to identify
global opportunity for existing technology. This second classification will be presented here.
Following [1], data from the ECMWF ERA5 reanalysis dataset was used for the classification. 12 years of
data at 3 hourly intervals was used to generated mean and variability parameters for basic wave
conditions, significant wave height squared, Hs2, and peak period, Tp; spectral properties; directional
properties; and, extreme conditions (both 50 year return period wave height, H50, and a risk metric,
H50/Hs). Significant wave height squared was used as a proxy for energy. Two constraints were applied to
refine the area included in the analysis: excluding areas with mean deepwater wave power less than 15
kW/m, a commonly stated threshold for deployment viability; and, excluding areas that do not have
sufficient weather windows for operations and maintenance. The weather window threshold was based
on the number of lunar months with wave heights less than 3m for 48 consecutive hours.
Once the constraints were applied, standard tests showed that it was most appropriate to split the
dataset into four classes rather than the six used in [1]. The four classes were all similar in terms of Hs2,
coefficient of variation in Tp and spectral characteristics; differences instead were in coefficient of
variation in Hs2, mean Tp, and risk parameters. Two classes had lower variation in coefficient of variation
in Hs2 comapred to the other two. These classes also had lower risk factors. Further distinction between
classes was based on mean Tp values. The low risk, low variability, high peak period class was consider
the optimal class and was found along western coasts, primarily in the Southern hemisphere.
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To attract investors and realise the potential utility scale contribution to the 2050 energy mix, wave
energy technologies need to be able to demonstrate their scalability. This is achieved by scaling up the
power capacity either by: (1) increasing the scale of a single wave energy converter (WEC); or (2)
integrating a number of WECs in a wave power plant.
Based on a WEC database adapted from the work by Babarit [1], this study establishes the indicative
actual characteristic scale and capture width ratio of a WEC as a function of different working principles.
As a consequence, the up-scale design for a 1 MW pilot WEC plant and a 500 MW commercial WEC plant
is given. It is found that the size of a WEC plant need to be more or less of the same order as the swept
area of a wind turbine to achieve the balance capacity.
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Wave Energy Converters (WECs) extract energy from the wave field through absorption of energy. The
action of extracting energy alters the characteristics of the waves passing through and around the WEC.
The WaveCat WEC is an overtopping WEC [1], with a scale model built and tested [2] within the
University of Plymouth COAST Laboratory. The objective of the tests was to determine device reflection,
transmission, absorption and capture based on input wave conditions.
Tests with random unidirectional waves were performed with significant wave heights between 0.033m
and 0.1167m, representing between 1m and 3.5m at full scale, and with peak periods between 0.91s
and 2.37s, representing 5s and 13s at full scale. Wave gauges monitored the surface elevation of the
tanks at discrete points around the experimental area, and level sensors and flowmeters recorded the
amount of water captured and released by the model. The wave gauges were positioned such that a
reflection analysis could be carried out using a revised three probe method by Baquerizo et al. [3].
Coefficients of reflection, transmission and absorption were calculated, and, together with the device
power output measured through the flowmeters, the capture coefficient of the device.

Figure 1: The available energy coefficient against wave period of the WaveCat WEC

Results show a clear relationship between the tested wave conditions and the subsequent coefficients
of the device. The reflection coefficient is large when the wave period is small, i.e. with short
wavelength waves, the transmission coefficient is large when the wave period is large, i.e. for long
wavelength waves. The absorption and captured coefficients are largest around waves whose
wavelength is approximately equal to model length.
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Wave energy converters (WECs) are built to extract wave energy. Nevertheless, this kind of devices is still
expensive for commercial utilisations. To cut down the cost of WECs by sharing the construction-cost with
breakwaters, the integrated WEC-type breakwater system (hereafter WEC-B system) is proposed to
extract wave energy and attenuate incident waves. The integrated cylinder WEC-type breakwater system
in Fig. 1 has proved to be one effective option for the WEC-B system [1]. This research aims to optimise
this integrated cylinder WEC-type breakwater system by numerical method. Some of the numerical results
will be presented in this conference.

Figure 1. The cylinder WEC-breakwater integrated system [1]
To predict and evaluate the performance of the WEC-B system, the Computational Fluid Dynamics (CFD)
tool, OpenFOAM®, is utilised. The governing equations, Navier-Stokes equations, are solved to describe
the motion of fluid continuum, and the volume of fluid (VOF) method is used to track the shape and
position of water free surface. The water waves are generated by toolbox waves2foam. As for the
simulation of the floating structure, the oversetMesh technique is utilised.
Validation of OpenFOAM® has been carried out by comparing with experimental data in [1]. Figure 2
shows the setup of the numerical wave tank, a cylinder WEC with radius of 0.135 m and draft of 0.2 m is
located in front of a fixed truncated breakwater with draft of 0.25 m and structure breadth of 0.6m. The
spacing between cylinder and breakwater is 1 m, the water depth (h) is 1 m and the incident wave height
is kept a contant value of 0.12 m. The diagram of heave response as a function of dimensionless incident
wave number (kh) shows that the results of OpenFOAM agree well with the experimental data. Further
results will be presented during the conference.

Figure 2. The numerical wave tank setup in OpenFOAM® (left) and comparison of experimental and
numerical values of HRAO of cylinder WEC (HRAO=heave response/incident wave height)
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In order to combat climate change the UK is committed to increased electricity production from marine
renewable energy technologies, including tidal turbines [1]. However, there are concerns about potential
effects of turbines on marine wildlife such as seabirds, especially risk of collision and habitat displacement
[2]. The UK is home to internationally important seabird populations, breeding numbers of which have
decreased by 9% since 2000 [3]. In the face of over-fishing and climate change, additional pressure from
stressors such as tidal turbines could be devastating. Bird-borne bio-logging and telemetry (bio-tracking)
are techniques widely used in seabird ecology that provide high-resolution spatiotemporal information
about individual habitat use, both on the sea surface and below [4]. Multidimensional data from GPS and
time-at-depth loggers can potentially provide key insights into the effects of tidal energy devices on
seabirds, relevant to regulators, developers, and conservationists. However, to date few studies have used
bio-tracking to explicitly investigate seabird use of tidal stream environments or tidal development sites.
This project analyses tracking data from diving seabirds at a major UK tidal stream environment, the
Pentland Firth, in order to assess the potential for impacts of tidal energy devices on seabirds. Spatial
overlap with the tidal development area is quantified using kernel density estimation utilisation
distributions and the importance of underlying habitat-use predictors such as tidal cycle to seabird use of
tidal stream environment is explored. Results will clarify the potential for harmful effects of tidal turbines
on diving seabirds and aid in the siting process for tidal energy development.
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M. Lewis1*, G. Todeschini2, J. Maskell3, J. McNaughton4, M. Togneri2, I. Masters2, M. Allmark5, A.
Brown1, A. de Fockert6, Neill S1
1

Bangor University *m.j.lewis@bangor.ac.uk; 2Swansea University, UK; 3JM Coastal,
john.maskell@jmcoastal.co.uk; 4University of Oxford, UK; 5Cardiff University, UK; 6Deltares, Delft, NL
KEYWORDS: TIDAL-STREAM; RESOURCE; GRID; STORAGE; TURBULENCE
Non-thermal renewable energy sources are variable, such as clouds and solar-PV or gusts and wind
energy. The temporal variability of renewable sources makes balancing the electricity supply to the
demand difficult in high penertration renewable grids, with potentially costly storage and control
needed. The predictability and persistence of the tide could be extremely useful in 100% renewables
remote island grids. One such example is the Faroes Islands, where ~50% of annual electricity demand
(307GWh) is already met with renewable sources (37MW hydro, 18MW wind, 50MW thermal) that have
an installed capacity almost twice that of peak demand (55MW), and a 2.3MW Battery [1 & 2]. Power
and electricity data from a 1MW tidal-stream turbine (with hub-height tidal current velocity interpolated
to a common timeseries at 0.5 H) was used to characterize temporal variability of tidal-tream power for
analysis of it’s value in such grid systems [3]. Variability of shore-side measured voltage was found
within acceptable levels (∼0.3% at 0.5 Hz) and observed fine-scale temporal variability did not
significantly affect resource yield estimates using coarse resolution data (i.e. yield difference <1%
between half hourly and 10-minute data). Fine-scale tidal current variability (i.e. turbulence) followed a
normal distribution, and turbulence intensity levels reduced for higher mean flow speeds. Indeed, the
sub 10-minute tidal power temporal variability was observed to be low (standard deviation 10–12% of
rated power), with decreasing power variability for higher mean-flow speeds [3]. A statistical model (a
“t-location” distribution) was applied to down-scale tidal current predictions (30-minute temporal
resolution) to sub-second power predictions using an idealised power curve, and performed well (85%
skill and 14% error). The results of our statistical downscaling method will be presented, and applied to
estimate installed capacity size and community storage needs in remote island communities.
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Defining fine-scale surface hydrodynamic features of tidal stream environments:
using drones as a marine survey tool
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Due to site-specific topography and bathymetry, tidal stream environments exhibit complex
hydrodynamic features that vary across small spatio-temporal scales (<10 m and <1 min) [1]. These
features can take the form of bed-derived flow structures (kolks, bursts and kolk-boils), coastally derived
features (eddies and wakes), or open water assemblies (tidal jets) [2]. This research focusses on kolkboils which can be visually observed as a surface footprint of a rotating mass of water that is created at
the seabed. As each boil moves through the water column it carrys sediment and smaller prey species to
the surface, potentially providing a food source for predators [3]. These is still little is known about kolkboils in tidal stream environments, therefore the aim of this research is to characterise them by
examining their formation, distribution and evolution at the surface.
Drone imagery offers a cost-effective method to collect fine-scale datasets of surface hydrodynamic
features within a tidal stream environment. Over a four day period in 2018, forty-six drone surveys were
undertaken within the Inner Sound of the Pentland Firth, Scotland. In order to extract quantifiable data,
an image processing programme was developed to manage these images and allow precise
measurements of kolk-boil type, size and position to be taken. These were then related to current
velocity and bathymetry from a fine-scale hydrodynamic model.
Kolk-boil distribution is influenced by tidal phase, with sizes predominantly ranging between 1001000m2. It was also found that no kolk-boils were detected in current speeds exceeding 2.6ms-1.
Seabirds utilise these environments with it being theorised that kolk-boils may create periods of
increased prey availability and foraging efficiency [4]. Future work includes relating these findings to
seabird usage patterns by comparing their distributions. This would help to further detail the potential
environmental impacts of tidal-energy devices, by providing a greater context to the fine-scale biophysical interactions occurring within these environments.
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Impact of array consents on commercial scale turbine array yields in the
Pentland Firth
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MeyGen Phase 1A is at the time of writing the world's largest tidal stream turbine array, with an
installed capacity of 6MW. From this array many valuable lessons have been learnt about the
construction, installation, operation and maintenance of a tidal stream project. SIMEC Atlantis has plans
to expand this array to 86MW capacity as part of Phase 1C, with the necessary consent and grid capacity
already arranged. This would be the world's first commercial scale tidal array, and therefore is used here
as a case study to investigate the impact of varying consents, in terms of turbine rated power and rotor
diameter, as well as turbine placement within the consented area.
The array is designed through the use of a greedy optimization algorithm to find a configuration of
turbines which meets the consents envelope specified in each scenario and achieves a high average
annual yield. This yield is predicted using an ADCP validated ambient flow model of the array. A series of
array designs based on current consents and variations on them are presented, to investigate how
requests to extend the consents could improve the commercial viability of this and future large scale
arrays. Practical constraints such as depth and steepness of the seabed, to constrain the regions in
which turbines can be placed are also taken into account.
It is found that for arrays of 3MW 26m diameter turbines, with current spacing consents applied, up to
252GWh/year could be extracted by the array. However, if these choices and constraints were all
expanded upon to allow closer spacing and smaller seabed clearances then up to 301GWh/year could be
extracted. It was found that increasing the allowable turbine diameter and tip-to-tip cross flow spacing
had the greatest positive impact on the overall yield, whereas the seabed clearance had a much less
significant impact. Increasing the rated power of each turbine had the biggest positive impact on the
average power generated per device, but it had a negative impact on the overall yield, since fewer
turbines are allowed within the 86MW expansion capacity.
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The energy system of a small island is often separated from mainland energy markets. It may rely
predominantly on a single imported source of energy, which increases the economic burden on the island
communities. Integrating renewable energy generation into an existing island energy system can provide
diversity of source, some degree of energy independence and improved system efficiency, yielding
cheaper energy for islands communities. However, that requires an appropriate energy extraction
strategy in combination with sufficient storage to overcome the intermittent nature of the renewable
energy resources.
This paper investigates the most cost-effective method to integrate tidal energy generation into the
Orkney energy system. It explores the various approaches to achieve an efficient energy extraction,
including selection of the most efficient array layout configuration and choice of devices appropriate to
the site. The performance of a number of different tidal stream technologies is analysed to assess the
relationship between site-specific tidal flow characteristics and both the energy extraction efficiency and
the load factor of the installed system. Based on the output, different energy generation patterns are
examined to find the generation strategy that best fits the energy demand pattern of the island, without
disturbing the existing supply.
The outcome of this study demonstrates the potential of integrating tidal energy generation into an island
energy system to provide a base load supply, without the need for expensive grid upgrades. It shows that
limiting the generation capacity of the tidal device and maximising the generation time at the most
frequent flow velocities increase the capacity factor of the installed system. This increase improves the
economic viability and commercial competitiveness of tidal energy generation.
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Plate anchors for offshore floating facilities:
soil-anchor-floating system interactions
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There has been a rapid expansion in the offshore renewable energy sector and the industry is developing
foundation systems that enable offshore renewable energy facilities to operate further offshore in deeper
waters where stronger wind resources can be harnessed [1].The embedded plate anchor and mooring
system is an efficient and versatile deep-water foundation solution as it can be installed into soft sea-beds
using a number of different methods [2-4]. Once installed, the capacity of the anchoring system is
enhanced by the strength and weight of the surrounding soil which resists uplift of the plate.
It is essential to have a reliable estimation of the available uplift capacity that the plate anchor can provide
to hold the floating offshore facility in place. However, in soft soils, this capacity can vary with time due
to the sustained loads and variable components of the uplift loads, which vary due to sea state, season,
and the operational or ballasting condition of the floating system. There is also an emerging concept of
the ‘whole life’ geotechnical response of soft soils which suggests that over the operational lifetime of the
floating facility, the capacity of the embedded plate anchor may rise due to consolidation effects
associated with sustained and cyclic loading. A similar effect is well-established for surface foundation
systems [5] and there is some support for this behaviuor to apply to embedded plates from model test
results [6].
A systematic numerical study into the capacity of plate anchors embedded in soft clays has captured the
effects of sustained loading and consolidation on the anchor capacity. The numerical approach is first
benchmarked against established solutions, then extended to explore consolidation-induced changes in
capacity, and also examines ‘added mass’ effects within the soil. The results quantify the potential gain in
capacity and show that these effects can be captured through simple analytical expressions, which can be
used to represent the changing anchor capacity in a model of the full floating system behaviour.
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2D Modelling dynamic response of floating structure under surface gravity
waves with currents
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This work examines numerically the dynamic response of floating structures under low-steepness linear
waves with vertical sheared current profiles [1]. Two CFD packages have been used in this study: In-house
code and ANSYS Fluent. A digital 2D wave-current tank has been designed and floating structure under
different conditions were compared.
Fully Eulerian equations with additional Lagrange multipliers to ensure rigidity and motion constraint [2]
were solved using the in-house code. This is in contrast to the traditional (rigid body) structure dynamics
represented by a set of Newton-Euler equations. An iterative algorithm is designed to build the density
field to match the centre of gravity, moment of inertia and mass used in the experiment.
One application of this work is to study the oil spillage under the different wave and current conditions,
see Fig. 1. The failure mechanisms and influence of three design parameters have been addressed: floater
diameter, skirt length and B/W (buoyancy/weight) ratio, containment booms fail mainly due to four
mechanisms: entrainment failure, drainage failure, splash-over failure and submergence failure.

Fig.1: Snapshot of wave profiles and pose of rigid floating boom.
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As the offshore renewable energy sector drifts towards the installation of production plants in deeper
water sites, the use of floating structures anchored to the seabed through mooring lines has become an
appealing solution. Current practice considers the anchor’s capacity against a single extreme design
load. However, it is well known that the anchor’s capacity may evolve through the operational life due
to long-term cyclic loading, consolidation stages or it may be affected by the rate of loading [1]. This
research proposes a new macro-element model for plate anchors in soft clays which can capture all
these effects. The model builds on a novel parallel between the capacity of the anchor and the strength
of a representative soil element subjected to conventional direct simple shear testing, using critical state
concepts and incremental plasticity theory. This parallel allows to map the evolution of pore water
pressure during cyclic loading and consolidation associated with maintained loading and in turn its
effects on anchor capacity and trajectory. It is shown that the anchor capacity during operational
loading may increase (Fig. 1a) as the soil recovers its strength due to consolidation during maintained
loading. Furthermore, the evolution of pore water pressure allows the estimation of anchor behaviour
under partially drained conditions imposed by varying loading rates, as shown in Fig. 2a.

Fig. 1 – Effect of (a) cyclic loading followed by consolidation; and (b) load rate on anchor capacity in contractive soils, where
Ta is the anchor load, z is the vertical displacement of anchor centroid and B is the size of the anchor.

These beneficial effects are currently neglected in design practice and its consideration can enhance the
design codes and methods in order to accurately predict the safety margins and therefore reduce costs
associated with anchoring systems.
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Field and laboratory validation and testing data provide critical information needed to increase the technology
readiness level of marine energy converters. While data collection systems and standards have steadily advanced,
there is still a need for Marine Renewable Energy (MRE) specific open-source data processing (data ingestion,
reduction, conditioning, calculation, and visualization), quality control, and management tools. MHKiT is opensource MRE software designed to fill gaps where MRE specific software is not currently available. The open-source
nature of the MHKiT software allows users to make changes to adapt the software to their specific needs, and is
currently open for community development.
MHKiT leverages prior investments by the U.S. Department of Energy, the offshore engineering and measurement
community, the MRE sector, and the U.S. Navy to provide the MRE community with standardized, open-source data
processing, management, and quality control software solutions that are verified by appropriate experts. To increase
its accessibility to a wider MRE audience, MHKiT (https://github.com/MHKiT-Software) is available in both
Python and MATLAB versions, MHKiT-Python and MHKiT-MATLAB respectively. Both versions have the same
functionality and include detailed documentation and examples. The released v0.1 version is under continuous
development with planned additional functionality to further encompass a standardized approach to MRE data
processing and handling. MHKiT v0.1 has been developed based on the IEC TC114 technical specifications 62600
[1], and includes an initial set of functions required to perform the primary data quality control, processing, analysis,
and visualization as called out in the technical specifications. MHKiT includes modules for wave, tidal, and river
energy converter power performance, wave and tidal resource asessments, data quality control and assurance, and
functions for data ingestion.
MHKiT is a joint effort between the National Renewable Energy Laboratory, Pacific Northwest National
Laboratory, and Sandia National Laboratories. In 2020 and 2021, the MHKiT team will extend existing functionality
and create new functions for power quality, mechanical loads, and cloud-based processing of large data sets. By using
MHKiT, we hope members of the MRE community can improve technology development through accurately
processing MRE laboratory and field test data. This presentation will provide an overview and demonstration of
MHKiT.
The National Renewable Energy Laboratory is a national laboratory of the U.S. Department of Energy, Office of
Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC. under contract No.
DE-AC36-08GO28308.
Pacific Northwest National Laboratory is operated by Battelle for the United States Department of Energy under
Contract DE-AC05-76RL01830.
Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and
Engineering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell International, Inc., for the U.S.
Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.
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