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Work Package Structure
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reliability and optimised and resource evaluation
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Work Package Tasks Timeline

Tasks Quarter

WP1: Concept optimisation
Experimental and numerical hydrodynamic analysis

Geometric Optimisation

1

2

Power Take-Off Design

Smart sensor and data acquisition system

WP2: Survivability, Reliability and Optimised Control of Devices in the Marine Environment

Intelligent condition monitoring

Predictive maintenance

Optimised control strategy
WP3: Sea state forecasting and resource evaluation
Resource characterisation

WEC efficiency calculations in wave tanks

Array effects
WP4 — Validation and Cost of Energy
Validation and demonstration of development

Array deployment

Levelised Cost of Energy
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Tasks, Management
Tasks . |1/ 2 /3 4] 5 67| 8 9 | 10 11 12

Determined hydrodynamic characteristics

Validation of numerical model/s
Advanced optimisation of geometry

Manufacturing of final model

PTO design incorporation and model

Established data acquisition framework

Established condition monitoring method

Predictive maintenance methods

Optimised control method

Machine learning model for wave evaluation from satellite images

Model for the calculation of the efficiency of the device in tank tests

Determination of array effects from tank tests
Numerical data to validate development
Experimental data to validate development
Levelised cost of energy and potential

Array deployment potential

Project Management 1 2 3 (4 |5 6 |7 8 |9 10 |11 |12

Progress Meetings Twice monthly

Group face-to-face meetings Quarterly

Advisory Board meetings

Workshops
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EPSRC NHP-WEC Research Project Website

TALOS wave energy converter (LU):

HOME CONTACT EVENTS PRESS RELEASES PUBLICATIONS = ABOUTUS +

The research proposed is simultaneously generic while significantly contributing to the development
of a concept device that has shown potential, namely the multi-axis TALOS that has been
developed and tank tested at Lancaster University.

TALOS is a novel multi-axis moving parts, and the internal PTO system is made up of an inertial
mass (a ball) with hydraulic cylinders that attach it to the hull. The motion of the ball moves the
hydraulic cylinders causing them to pump hydraulic fluid through a circuit, thus to generate
electricity i.e. an inertial mass PTO approach.

Key strengths of TALOS device include:

« Fully enclosed wave energy converter, so to avoid the harsh sea environments on the energy
conversion system;

« The arrangement of the rams allows for the ball to move in multiple directions, allowing energy
to be captured from multiple degrees of freedom;

« The flow of hydraulic fluid will change as the ball's motion changes, so an internal hydraulic

smoothing circuitis utiised to regulate the output. The NHP-WEC project aims to advance data-driven monitoring and control in connection to both
device technology and sea state predictions for WEC arrays, combining the TALOS technologies of
SmartWave (UoH): Lancaster University (LU) and the SmarWave technologies of University of Hull (UoH). The NHP-
SmartWave is a tool capable of deriving high resolution sea state conditions from satellite images WEC project aims to Optimise the design of the wave energy converter and the PTO Sys‘tem
using machine learning. It integrates recent advances in all-weather satellite monitoring to map and . ik . . i
study the temporal and spatial distribution of sea surface wave characteristics. (TALOS) in response to time-varying inputs from waves (SmartWave). as such, the operational

conditions, including wave characteristics, must be quantified to estimate dynamic loads,
constraining manufacturing techniques and materials, so to improve wave energy production as
well as the survivability of the wave energy system.

Key strengths:

+ basedona nove frecasing matodoos . EPSRC NHP-WEC project: A TALOS and SmartWave Project (lancs.ac.uk)

« capable of resolving sea state within offshore windfarms for sector O&M logistics.
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15t Workshop

Supergen @ %Ei\?gb\e Join our newsletter Research Lands

Home About Impact Funding Research Landscape ORE Facilities ECR Community News & Events

EPSRC Project Workshop: NHP-WEC Marine Energy
Project

Online, 25 October 2021 at 2:00pm - 3:30pm

Engineering and
- Physical Sciences Lancaster
W & Research Council Univ ersity g

EPSRC Marine Wave Programme 2020 - Novel
High Performance Wave Energy Converter
Research Project (NHP-WEC)

The NHP-WEC team would like to invite you to the 1st workshop of their EPSRC funded project: ‘Novel
High Performance Wave Energy Converters with advanced control, reliability and survivability systems
through machine-learning forecasting (NHP-WECY project. Find out more about the project in this PDF.

Workshop details
® Date: 25 October 2021
® Time: 14:00 - 15:30 BST

® Location: Virtually (via Microsoft Teams) Please find the link to join the meeting in the PDF here

Agenda

14:00 Welcome & Introduction to NHP-WEC - George Aggidis (Lancaster University - LU)
14:05 TALOS & WP4 - George Aggidis (LU)

14:10 SmartWave - Robert Dorrell (University of Hull - UoH)

14:15 WP2: Survivability, reliability and optimized control of devices in the marine environment -
Xiandong Ma (LU)

14:20 WP1: Concept Wanan Sheng (LU)
14:35 WP3: Sea state forecasting and resource evaluation - Evdokia Tapoglou (UoH)
14:50 Q&A Panel Discussion - All

15:30 Close

LancasterEngineering
<’ @LlancsUniEng

Prof George Aggidis is holding the EPSRC Wave Energy
NHP-WEC Project Workshop on TALOS Wave Energy
Converter and SmartWave online (Mon 25 Oct 2021 at
14:00 UK Time). To book click

< Tweet

supergen-ore.net

Supergen ORE - Supergen ORE

We provide research leadership to connect academia, industry, policy and public
stakeholders, inspire innovation and maximise societal value in offshore wind, ...

10:27 AM - Oct 20, 2021 - Twitter Web App
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15t Advisory Board Meeting, 25/10/2021

Chair of the Advisory Board:

Neil Kermode aging Director EM EC % CATAPUI-T
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Supergen ORE, Annual Assembly, January 2022

Citishore

SUpergen @ Renevcile

ANNUAL ASSEMBLY

18,19 & 20 January 2022

University of Plymouth & online

#SupergenORE2022
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Work Package Structure — WP1

Dr Wanan SHENG

Alasdair Ayre
(Wave Tank Testing)

Aaron Chin

(Wave Tank Testing
Sensors &

Data Acquisition)
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Sheng, W., Tapoglou, E., Ma, X., Taylor, C.J., Dorrell, R.M., Parsons, D.R. and Aggidis, G., 2022. Hydrodynamic
studies of floating structures: Comparison of wave-structure interaction modelling. Ocean Engineering, 249, p.110878.
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Work Package Structure — WP4

WP1: Concept

WP2: Survivability
reliability and optimised
control of devices in the

marine environment

WP3: Sea state forecasting
and resource evaluation
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WP4: Validation and Cost of Energy

Professor Dakshina G. De Silva
Lancaster University

Ass Professor Chenglong Guo
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TALOS - International Collaboration Eé

Professor Pierre Ferrant

Professor Alain Clément
CENTRALE Dr Aurélien Babarit
NANTES Ass Professor Guillaume Ducrozet

Dr Jean-Christophe Gilloteaux
Dr Ruddy Kurnia
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NREL — TALOS Research Collaboration — ongoing work

TALOS /NREL Collaboration on WP1

* OpenFAST ::-:: N RE L

» Capytaine Python package e T
* A good case for further investigation and development

Dr Jochem Weber
Dr Robert Thresher
Dr Aidan Bharath

TALOS /NREL Collaboration on WP2 o Matthion Ancelin

e Control

* Integrating a machine learning (primarily Reinforced
learning) loop into the WECSim eco-system
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NREL — TALOS Research Collaboration - next steps

TALOS /NREL Collaboration through the TEAMER program 2022

 Computational Modelling and Control (WP1, WP2, WP3) =3 N R E L
e Experimental Modelling using the new wave tank NREL is =%
building this year (2022) in Denver Colorado. Transforming ENERGY

e Experimental Modelling using the NREL motion platform
(LAMP) specifically constructed to be able to mimic ocean wave

action while being out of the water B:ﬁ?:ﬂﬁii;r
 Experimental Modelling using the NREL motion platform DrAidag thrath
(LAMP) for extended operational testing Dr David Ogden

Dr Matthieu Ancellin

TALOS/NREL Collaboration through the US Department of Energy
(DoE) beyond the EPSRC Project timescales:

* Open-water testing
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TALOS - International Collaboration

[ 37 5% BA 32 18 K £ 6

NATIONAL YANG MING CHIAO TUNG UNIVERSITY .
|
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T

Ass Professor Yi-Hsiang Yu

SS SENER

Inaki Zabala Calvo

Azz (kg)

NYMCTU & SENER |
e Capytaine: Python-based linear potential T
flow solver
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Biomimetics & TALOS Paper: Published — energies Journal

energies

[moP1]

Article

A Preliminary Study on Identifying Biomimetic Entities for
Generating Novel Wave Energy Converters

Hui Zhang ', Wanan Sheng 3, Zhimin Zha ' and George Aggidis2*

Ciatias: Zhang, H., Soerg, W,
Tha 7. Aggss, G. A Freliminary
Seuly o Wdmbsying Bicemamusse

Enttss foe Ganerating Hovwl Wave

* Mk Engirering Eqraent Coleg, Zhaiang Octan Untvrsy, Zocusn 316122, Ching

zhangPuiziow edu.cn (H.Z); zhazhiminGea12.com (Z.2.)

# Renewable Energy and Fluid Machinery Group, Engineering Deparimen, Lancaster Undversity,
lanﬂﬁlnr LAT 4YW, UK; w.sheng®ancasteracuk

- i Tel.:

Abstract: Biomimetics and crestures could contribube o novel design incpization for wave snergy

conwerters, 22 we have seen Iumerous examples in applicaions of other branches of snginesring.
Howeves, the iszue of how to obtsin valuable bislogicsl entities, or bionic design cases, that could
produce nspization for novel designe, may be challenging for the designers of wave snerzy con-
wertess {WEKC:). This shudy camses out preliminary recearch on the acquisition of bislogical enities
fox desigers, to obtain rmovative bio-incpired ideas for designing novel WECS. In the proposed
method, dzamw aced stractuze, and
energy extraction principles of exiting WEC2. Then, by applying WordNet, canddte bislogical
terminclogies can be cbtained Next, using AskNahire, long with marmal sslection and fitering,
Tiological terminclogies can be acquired. The Last step is to use the biclogics] terminalogies to es-
tablish e reference bislogical entties, and to use the informstion and knoweledge of these entities
in o ve WEC. Using fhe prop £y, anovel WEC

and verified.

Keywords: design inspiration: biclogical enfities; imovative designs wave snergy converters

1. Introduction
gy is 2 clean and with luige potential to provide

Acalemmic Exlicr: Eugen Rasss
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Acrpted: 21 March M2

Fublished: 25 March 2022
Fublishar's Nete: MOF] tays ness-
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a cont energy supply to the energy mix. To make use of abundant ocen energy,
WECS are essential devices, as they can extract the energy contained in waves and convert
it into useful energy and electricify. In order to canvert ocean energy effectively, efficient
ey converters must sped_ In principle, use
different motions of fhe WEC —for instance, surge, heave, and pitch motions—as well as
different energy conversion prindiples, such as point absorbers, aftenuators, oscillating
wave surge converters, overtopping, oscillating water columns, bulge waves, efc. In de-
ployment, different types of WECs may be deployed on the shoreline, nearshare, or off-
shote, and can be on the surface, in the water, or on the seabed, so to better extract the
wave energy at different depths and different locations. Currently, WECs have mary dis-
advantages, such as high cost of energy ye sficiency, low
Survivability and reliabality, an o on. Therefors, it i very desirable to design imnovative
wave energy converters, or imprave existing WEC, to overcome all or some of e afore-
‘mentioned disadvantages
At same time, due to the nature of ocsan Waves, Wave eneTgy generation generally
takes place under large forces and at low frequencies/speads, which creates challenges for
afficient and reliable Wave energy production; wave enstgy exiraction becomes even
‘more challenging during extreme weather conditions, in which waves can generate sig-
nificanfly larger forces and cause significant damage to fhe wave energy converters.

Energies 2022, 75, 2455, harpec/idod org/ 1 3390 en] 5075485

Zhang, H., Sheng, W., Zha, Z. and Aggidis, G., 2022. A Preliminary Study on Identifying

wrwe maptcom/foarnaljenergies

Energies 2022, 15, 2485 ot
Table 1. Features of existing bio-WECs (All pictures are loyalty free).
Bio WEC Examples TpesofWEC  MimickedTypes  Mimicked Objects  Meods ofPomer Advantages Disadvantages Tmages of BioWEC
High comversionefficiency  Low adaptability, the pitch
Pelamis [10] Attenuator Shape, Motion Sea Snake Fitch, Yaw when the wavelength i4 fied, and cannot adjust
matches the pitch. o sea conditions.
High flexibility, freely Low conversion aficiency;
Wave Draggon [11] Overtopping/ Terminator Shape Dragon (vertopping up-scake, and adjust o optimization of the power
varying wave heights. production is mquired
e W o High survivability, Low adaptability;
BioWAVE[13] E*‘”"‘E"“ W:‘: S Funckon, Motion Kelp Suge proteciedon thesesbed  appropriake water depths
bverter during storm conditions. required bobe slected.
Liw cost-effectiveness; the
Centipod [14] Attenuator Structure Centipod Heave Low environment impact Joads and stesses on the
structur mequin reduction.
i Wave Gari Low conversion efficiency;
Oyster[9] QM"‘E]I‘; W:‘: Surge Behavior Oyster Surge High surviv ability. nieed bo form cluster arrays
e and unit field.
, b]ﬂf‘]'g”“h"*-“  Lowstabiliy; thestability of _Lolb L
Sea Heart [5] Puint Absorber Priniple Human Heart Heave, Surge brcization etmarine eloctrieal énwrgy requins L '/ M
: ’ ' waves and sea current vinng i b .
ETETRY SOures. solving iz © 4
High coskefiectiveness Low conversion efficiency;
~ . . i - Anacondade ) . Tl Coshelichivenes the parameters and the
Anagenda [12] Bulge Wave Shape, Principle Huuman Heart Bulge Wave owing to simple structure purfulma:nw quire

and durable material

improvement.

Biomimetic Entities for Generating Novel Wave Energy Converters. Energies, 15(7), p.2485.
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TALOS - International Collaboration

Experimental Modelling and
Validation of the Computational
Modelling for TALOS WEC

Professor Dahai Zhang
Tan Ming
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24 Advisory Board Meeting, 04/05/2022

Chair of the Advisory Board:
Neil Kermode EMEC Managing Director
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Thank you

Professor George Aggidis

FIMechE, FIMarEST, FEI, FIET

Head of Energy Engineering

g.agqgidis@lancaster.ac.uk
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