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EXECUTIVE SUMMARY

This document isrmoutcome from WPbf the OPERA projecthemain aim of WH is to
analyse risk and cost data froW/PTXWP6 and provide recommendationdn particular,
deliverable D7.5 documents thenél project assessment and recommendations for the
sector. Taking stoclof the previous tasks and the project as a whole, a final assessment of
the current stage of the technologiess given. Costeduction pathways for these
technologies and wave energy in geneaat updated with the newly available operating
data.

After presentingthe overall technical objectives, methodology and work pdhithe OPERA
project, the document summarises main results and assessment of the principal project
components:

Instrumentation and data collection.

Mooring system.

Power TakeOff.

Advarced control algorithms.

Application and extension of standards.
Lifetime offshore logistics.

Risk management, cost of energy and impacts.

—— e e d d )

The deliverable alsoffers some policy recommendations for the wave energy seetod
final conclusions.

Project esults are quite satisfactory both on the quantitative and qualitative sifilbanks

to the improvements brought about by the cost reducing innovatjdhe LCOE is reduced

by 5256% when compared to theenchmarking castor an array configuration of 18 NV.

The biggest contributor to cost reduction is the novel biradial turbine, followed by advanced
controls and the shared mooring configuration.
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1. INTRODUCTION

Thisdocumentis an outcome frm WP70f the OPERA projecthemain aim of WH is to

analyse risk and cost data froddPEWP6and provide recommendation3he ultimate goal

of this WP is to gather all the information from the previdd®sand analyse its influence

on economics and risksaessment, in order to develop guidance and recommendations from

GKS LINR2SOG Q& dzyAljdzS 2 FFaK2NBareh&falSWA Sy 0SS o { L

} Assess LCOE impact of innovations and technologies tested H6 WP2

} Reduce OPEX uncertainty with opsea data including offshore operations from
WP6

} Develop metrics in order to quantify and track the uncertainty and risk involved in all
stages of the project and set appropriate mitigation measures for the identified risks

} Develop guidance from the unigusea experience at sea in order to set the path
forward

} Catalogue the improvements in CO2 savings (LCA) and reduction of the energy
payback period from an adequate management of the operation of the device

} Display the real cost of wave energy though th€OE&E assessment and its
competitiveness with respect other energy sources in the future energy mix

In particular, eliverable D7.5 documents the in&l project assessment and
recommendations for the sectoiaking stock of the previous tasks and the projesta
whole, a final assessment of the current stage of the technologigs/en Costreduction
pathways for these technologies and wave energy in gerem@lpdated with the newly
available operating datarhe deliverable presents grghesis of OPERAMmributions and
technological improvements from a wave energy sector perspective, energy sector
perspective, business and investment decision and policy support perspective including SME
support, R&D priorities, recommendations for effective support tdyedeployments.

Lead by UEDIN, TECNALIA assist synthessing output from all WPSQCEANTEDOM
and KYMANER provideSME and device performance perspectiaad UNEXE include
mooring technology, cost and riskinally DNV GL adviskon risk assessnme.

This document is structured in the following sections:

} Section 2: Project approach It describes the overall technical objectives,
methodology and work plan.

} Section 3: Instrumentation and data collectiort presents a summary of results and
overall asessment with regard to the process instrumentation.

} Section 4: Mooring systemSimilarly, it presents a summary of results and overall
assessment for the share mooring configurations and elastomeric mooring tethers.

} Section 5: Power Tak®ff. Same abouthe novel biradial air turbingenerator set.
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} Section 6: Advanced control algorithm#n this case the result and assessment refer
to the control laws customisefir the floating WEC.

} Section 7: Application and extension of standardSummary of thdirst-time real
caseapplication of IEC Technical Specifications and recommendations.

} Section 8: Lifetime offshore logisticSummary of results and learning with regards
to uncertainty risk and cost reduction in offshore operations.

} Section 9: Risknanagement,cost of energy and impactsSummary of results, open
sea experience, global economic assessment and risk assessment.

} Section 10:Policy recommendations for the wave energy sectdt presents an
overview of the sector and recommendations for commerciality

} Section 11: Conclusions

} Section 12: References
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2. PROJECT APPROACH
2.1 OVERALTECHNICADBJECTIVES

Real pen-sea experience is essential to fully understand the challengesawe energy
device performancend lower the risk®f wave energyhat shallleadto harvest this vast
European resource and contribute to environmental and economic goals.

The main objective of the OPERA project is to collect, analyse and sharsegpeperating
data and experience to validate and-dsek the following industrial inovations for wave
energy, taking them from TRi43to TRL5 and opening the way to long term aestuction

of over50%

TABLR.1: PROJECT INNOVATIONS

Innovation Short description

Novel bradial turbine Mechanically robust and highly efficient turbine for OWC

Predictive and latching
control for energy capture

Predictive control uses incoming wave information for
control, applicable to all WECs. Latching (valve control)
specific to OWC.

Shared mooringystem Reduces mooring line length and cost in WEC farms

Elastomeric mooring
tether

Reduces peak loads at mooring and hull connection to
enhance structural survivability and reduce mooring line
strength requirement and cost

The specific and measuralbjectives of the project are described below.

} Collect, stream and publish 2 years of ofeza operating data of both a floating WEC
and a shoreline wave power plant (addressed in WP1)

} Derisk innovations that lower mooring cost over 50% and enhanceivabity
(addressed in WP2)

} Increase OWC power production 50% and improve reliability (addressed in WP3)

} Advance predictive and latching control to TRL5 to enable 30% increase in power
production (addressed in WPR4)

} Advance standards to reduce businassk and give access to lower cost capital
(addressed in WP5)

} Reduce uncertainty, frequency, risk and cost of offshore operations (addressed in
WP6)

} Improve risk management and cost estimation with real data (addressed in.WP7)

% OPERAMeliverable Grant Agreement bl654444 Pagel2| 67
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2.2 METHODOLOGY

The overall ancept of the project is to gather, share and analyse epea operating data of

a floating OWC wave energy converter at TRL4 in a fully consentecognécted opersea
testing facility, BIMEP, and desk four costreducing innovations for opesea wavesnergy
application: biradial turbine, predictive/latching control, shared mooring, and elastomeric
tether.

The mpactof research activitiehasbeen multiplied severafold by testing at the shoreline

wave power plant at Mutriku neari@9 t = (i K Sargése and fRsD dommercial wave

power plant. Full exposition of power tal@FT ¥ 02 YLIRySyda (G2 a2vY$8S 27
seaswas intended touncover and rapidly weed out inevitable early engineering problems
before testing on the floating device offstegrwhere interventions are orders of magnitude

slower and more expensive.

In addition to the IP background that the Consortium partners bring up to the OPERA
project, OCEANTHDOM contributel with National funds for prototype conception,
construction, de@loyment and renting of test berth.Ths guaranteel the baseline
configuration of the floating OWQdubbed MARMO#5) with shared mooring,
conventional tether, Wells turbine and nepredictive control algorithmg#1 in Figure2.1),

to be tested opersea early in the project

Sensor integration in ik baselineconfiguration ofMARMOKAS allowed monitoring d the
structural and power performance, as well as sylstem reliability and survivabilityield
tests at BMEP opersea tes facility provided more than oneyear of baselinedata for later
benchmarking Performance datavas alsoused to accelerate the standards for the wave
energy sector.

The OPERAINded phase integratdthree costreducing innovations into theefitted OWG
namely abiradial turbine,a novel elastomeric tether, anédvancedcontrol algorithms
These innovations undesent thorough labtesting and prior deisking in the Mutriku
shoreline wave power plang2 in Figure2.1). Field testsat Mutriku contributed to the
validaton of reliability and performance of the novel biradial turbine and control algorithms.

The secondield testcampaignat BMEPwith the newconfiguration(i.e. MARMOKAS with
biradial turbine and elastomeric mooringthers) provided further data to validate the
innovations.Posttest analysisof BIMEP ield testsled to the technical, economidife-cycle
and social impactassessmentof the innovations as well at foster the adoption of
exploitable result$#3 in Figure2.1).

The research methodology is visually represented in the figure below.
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FIGURR.1: RESEARCH METHODOLOGY

2.3WORK PLAN

The work plan structure is resulbased, with each ark package mapping to an objective to
solve a critical problem for wave energy. In addition, a number of issues are cutting across
each work package, in particular: risk, costs and failure data collection. WP7 is in charge of
providing consistent methodolly, data collection protocol and integration of this
information.

The list of technical WPproject tasks and interrelations are presentedhe nexttable and
figure.

TABLR.2: TECHNICAL WORK RAGES
WP Title Lead

WP1| Collect, stream and publish opesea operating data IDOM

WP2| Mooring loads assessment and reduction, shared mooring validatiq UNEXE

WP3| Power takeoff reliability and performance, validation of new turbine| IST

WP4| Control algorithms foreliability and performance TECNALI
WP5 Applicability and extension of IEC technical specifications using op UCC
sea data
WP6| Lifetime offshore logistics TECNALI
WP7| Risk management, cost of energy and final assessment UEDIN
R OPER/Meliverable Grant Agreement bl654444 Pagel4| 67


































































































































































