Advanced Design Tools for Ocean Energy Systems

Innovation, Development and Deployment

Deliverable D7.8

Demonstration Results of Integrated Design Tools for Tidal
Energy

Lead Beneficiary Orbital Marine Power
Delivery Date 08/10/2021
DisseminationLevel Public
Status Released
Version 1.1

Keywords Tidal Stream turbine, Structured Innovation, Stage Gate,
Deployment & Assessment tools, real use cases, Demonstration
scenario, DTOceanPlus

This project has received funding fromthe European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 785921




D7.8 DTOcean+

Demonstration Results of Integrated Design Tools for Tidal Energy
B
Disclaimer

This Deliverable reflects only the author’s views and the Agency is not responsible for any use that
may be made ofthe information contained therein

DocumentInformation

Grant Agreement Number 785921

Project Acronym DTOceanPlus

Work Package WP 7

Related Task(s) T7.5

Deliverable D7.8

Title Demonstration Results of Integrated Design Tools for Tidal
Energy

Author(s) Mark Byers (OMP), Gary Connor(Nova), Quentin Péron (Sabella)
Massimiliano Lotta (EGP), Donald R Noble (UEDIN), lJillian
Henderson (WES), Inés Tunga (ESC), Claire Harvey (EDP)

File Name DTOceanPlus_D7.8_Demonstration Tidal
Scenarios_ OMP_vi.1.docx

Revision History

Revision Date Description Reviewer ‘

0.0 6-Apr-2021 Outline of structure WP7

0.1 28-Aug-2021 | Adapted totidal scenarios D. Noble

0.2 06-Sept-2021 | Workingdraft for review WP7 Partners
1.0 17-Sept-2021 | Released versionforthe EC EC

1.1 08-Oct-2021 | Address ECreview comments EC

DTOceanPlus Deliverable, Grant Agreement No 785921 Page2]|76




D7.8 DTOcean+

Demonstration Results of Integrated Design Tools for Tidal Energy

EXECUTIVE SUMMARY

This document, “D7.8 Demonstration results of integrated design tools for Tidal Energy”, is a
deliverable of the DTOceanPlus project funded by the European Union’s H2020 Programme under
Grant Agreement N2785921.

The objective of Task 7.5 wasto carry out at least three tidal energy demonstration cases to showcase
the applicability of the tools to concept generationand selection, technology development and farm
deployment and optimisation. Where possible, demonstration cases with strong links acrossthe tools
were selected, and priority was given to real cases (cases at highest TRL) where real data could be
obtained.

The aim of this document is to present the activity carried outby the three industrial partners, Orbital
Marine Power, Sabella, and Nova Innovation, who validated the DTOceanPlus suite of tools against
five tidal energy validation scenarios.

These tidal scenarios have been structured since the first phase of the project in WP2 and refined in
WP7. These five validation scenarios aim to validate the three tools: the Structured Innovation, Stage
Gate and Deployment & Assessment tools at different aggregation levels: array, device, and sub-
system.

The industrial partners solved real tidal energy use cases using the DTOceanPlus suite of tools with
realinput regarding their technology. The objectives focused ondifferent aspects such as: improving
a floating tidal energy connection subsystem, assessing and demonstrating the development stage
oftwo tidal energy technologies, validatingtidal array deploymentsat different sites to provide third
party evidence, and validating scaling up of a tidal energy drivetrain for a deployment site.

During the validation activity from July to the end of August, the industrial partnersworkedina strong
cooperative way with academic partners and modules developers to jointly solve software’s errors
and improve modules functionalities and relevant interconnection.

This enhancement process led to four integrated tools software releases: from vo.g9.0 (02/07/21) till

V1.1.1, the optimised version that achieved the TRL6 maturity and was issued for public use on 31
August.
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1. INTRODUCTION
1.2 THEDTOCEANPLUS PROJECT

DTOceanPlus aims to accelerate the commercialisation of the Ocean Energy sector by developing
and demonstratingan open-source suite of designtools for the selection, development, deployment
and assessment of ocean energy systems (including sub-systems, energy capture devicesand arrays).

Ata high level, the suite of tools developedin DTOceanPlus includes:

» Structured Innovation tool (Sl), for concept creation, selection, and design.

» Stage Gate tool (SG), using metrics to measure, assess and guide technology development.
» DeploymentDesign tools (DD), supportingoptimal device and array deployment:

= Site Characterisation (SC): to characterise the site, including metocean, geotechnical and
environmental conditions.
= Machine Characterisation (MC): to characterise the prime mover.
= Energy Capture (EC): to characterise the device atanarray level.
= Energy Transformation (ET): to design PTO and controlsolutions.
* Energy Delivery (ED): to designelectricaland grid connectionsolutions.
= Station Keeping (SK): to design moorings and foundations solutions.
= [Logistics and Marine Operations (LMO): to design logistical solutions and operations plans
related to the installation, operation, maintenance, and decommissioning operations.
» AssessmentDesign tools (AD), to quantify key parameters:
= System Performance and Energy Yield (SPEY): to evaluate projects in terms of energy
performance.
= System Lifetime Costs (SLC): to evaluate projects fromthe economic perspective.
= System Reliability, Availability, Maintainability, Survivability (RAMS): to evaluate the reliability
aspects ofa marine renewable energy project.
= Environmental and Social Acceptance (ESA): to evaluate the environmental and socialimpacts
of given wave and tidal energy projects
» Catalogue Module (CM): to upload and review catalogues (e.g. LMO catalogues.)
» Main Module (MM): graphicalinterface to login with localhost credential and use the software

DTOceanPlus Deliverable, Grant Agreement No 785921 Page1o0|76
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FIGURE 1.2 DTOCEANPLUS MODULES, MAIN LINKAGES, ANDOUTPUTS

This suite of designtools will reduce the technical and financial risks of the technology to achieve the
deployment of cost-competitive wave and tidal arrays. DTOceanPlus suite will underpin a rapid
reductioninthe Levelised Cost of Energy (LCOE) offered by facilitatingimprovement in the reliability,
performance and survivability of ocean energy systems and analysing the impact of design on energy
yield, operations & maintenance (O&M) and the environment, thus makingthe sectormore attractive
for private investment.

These objectives and impacts will be achieved by implementing nine work packages covering user
engagement, tool development, demonstration of tools against real projects (thus outputting a suite
of tools at TRL 6), analysis of supply chains and potential markets, exploitation, dissemination, and
education. Also, DTOceanPlus will produce a knowledge base with technical recommendations for
the sector and deliver it through this report.

1.2 SCOPE OF REPORT

This report is the outcome of T7.5 Demonstration of tidal energy scenarios. The task proposed that at
least three tidal energy demonstration cases be run to showcase the applicability of the tools to
concept generationand selection, technology development, and farm deployment and optimisation.
Where possible, cases withstronglinks across the tools were selected, and priority was givento real
cases (cases at highest TRL) where real data canbe obtained and used. A comprehensive analysis of
results and comparison with the industrial partners' expectations was carried out to extract useful
information onthe impact potential of tidal energy design decisions in terms of key metrics.

DTOceanPlus Deliverable, Grant Agreement No 785921 Page11 |76




D7.8 DTOcean+
Demonstration Results of Integrated Design Tools for Tidal Energy e —

1.3 OUTLINE OF THE REPORT

The remainder of this document is structured as follows:

4
>
>
»

Section1: provides anintroductionto the report,

Section 2: summarises the methodology,

Section 3: coverstheinstallationand computing device selection,
Sections 4-6: documentthe tidal energy validation scenarios (VS):
= VS description and objectives,

= Tools selectionand input data description,

= Results of validation against partner’s proprietary data,

Section 7: Summary of the demonstration activity outcomes,
Section 8: Conclusions.
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2. METHODOLOGY

The principal aim of the demonstration task was for the industrial partners to evaluate the
functionalities of the tools using the examples of their real projects. To achieve this, the following
actions were completed:

» Definitionand refinement of the Verification Scenarios: this has beenachieved byanalysing the
key features of the tools and the associated User Stories accounting for levels of complexity,
standalone mode, wave and tidal scenario, array layout and networktopologies.

» Collection of data: a collection of input/output control data and project data (from catalogues and
default data) have beendefined and collected.

» Organisation of training sessions, documentation, and ongoing support: training sessions on
using tools have been provided toboththe technical verifiers and the industrial partners.

» Definition of EvaluationCriteria: a common Software Evaluation Formwas developed and used
to record the demonstration of every DTOceanPlus module.

2.1 DEFINITION AND REFINEMENT OF SCENARIOS

Animportant task withinthe DTOceanPlus project is to validate the novel toolset using real data. This
requires a set of validation scenarios (VSs), also known as demonstration scenarios. These were
developed intask 2.3 of the project and reported in D2.3 [1], then refined in task 7.2 and reported in
D7.2 [2]. Six validation scenarios were developed to validate the tool at the array, device, and
subsystem level with wave and tidal technologies. Within this, some VSs had sub-scenarios with
different industrial partners. These are summarised in Table 2.1.

TABLE 2.1 SUMMARY OF VALIDATION SCENARIOS

Aggregation Wave | Tidal
Array VS3: Deployment Design VS6: DeploymentDesign
Lead:IDOM Lead: Nova, Sabella, Orbital
Array: IDOM MARMOKA14 x 8 Array: NOVA M1ooDD x 10-50,
Site: BIMEP 1,5 MW SABELLA turbines,

Orbital O2 DrivetrainScaling
Sites: Bluemull; Fromveur; EMECBerthg

Device VS1: Structured Innovation VSs: Stage Gate
Lead: CorPower, EGP, WES Lead: Orbital, Sabella
Devices: CorPower C4, OPT-PB500, Device: Orbital O2; SABELLA D15
New concept Site: EMEC Berth 5; Fromveur

Site: Agoucadura:Portugal;
Valparaiso: Chile; generichigh—med —low
energy sites

Subsystem  [VS2:StageGate VS 4: Structured Innovation
Lead: CorPower Lead: Orbital
Subsystem: CorPower C4 Subsystem: Orbital O2 Connectors
Site: Agoucadura:Portugal Site: EMECBerth g
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While the selected Validation Scenarios do not directly cover every permutation of use-case,
technology type and technology aggregation level, they do deliver validation of all the tool
functionalities necessary to support those permutations, meaning that the resulting validation of the
suite of toolsis complete.

2.2 COLLECTION OF DATA

The plan for this task was to use as much real data fromthe projects and sites of the industrial partners
demonstratingthe tools. Unfortunately, more reference dataand example siteswithin the tools were
needed than originally planned due to circumstances. However, this could be equivalent to testing at
an earlier stage in project development, where this data maynot readily be available.

Future testing of the tools may use the data identified from these tasks.
2.2.1 CONFIDENTIAL DATA

The input data belonging to the partners involved in the validation task T7.5 and the output data
obtained by the partners during the use of the software are all considered confidential data, and for
this reason, these willnot be disclosed to the other partners of the project.

Partners involved in T7.5 provided general information and public data for explaining the validation
use-case, the relevant site and their tidal energy technology. Results of the validation scenarios are
presented inthis document:

» Normalised results: where possible, partners showcased the software output as relative results
(percentage) based on confidential reference values. These give evidence of the potentialities of
the software and the type of results that can be obtained using the software.

» Evaluation form scores: partners were requested to fill in an evaluation form that assigns scores
(2:strongly disagree to 5: strongly agree) to the DTOceanPlus tools' functionalities and the overall
suite of tools. These scores were processed and presented, puttingin evidence points of strength
and improvement areas.

» Qualitative description of the tools’ performance, assessed against the engineering judgement of
the industrial partners.

2.3 TRAINING SESSIONS, DOCUMENTATION, AND SUPPORT

Training sessions were held as part of the Verificationtasks in WP3-6, reported in deliverables D3.3,
D4.3, D5.8,&D6.6 [3, 4, 5, 6].

Technical partners were available to offer support and ongoing troubleshooting of issues arising
during the demonstration tasks. This was achieved through a range of meetings, emails, video calls,
and primarily Slack messaging.

The draft documentation for each module produced for deliverables D3.3, D4.3, D5.8, & D6.6, was
updated and transferred to the GitLab repository alongside the code. Additionally, overall

DTOceanPlus Deliverable, Grant Agreement No 785921 Page14 |76




D7.8 DTOcean+

Demonstration Results of Integrated Design Tools for Tidal Energy

documentation was written to explain the overall suites of tools, including the main module and
catalogues. This documentation was used to support the demonstration activities and continuously
updated with feedback. This included some troubleshooting guides and updated installation
instructions.

2.4 DEFINITION OF EVALUATION FORM QUESTIONNAIRE

The evaluation criteria for the demonstration tasks were developed fromthose usedin the verification
tasksin WP3-6. Asimilar software evaluation form was used to collate and record feedback fromthe
industrial partners.

A series of questions and statements were included, first covering the individual tool then use of the
overallsuite, as listed in. Each statement was ranked on a 5 Point Likert scale of (1) strongly disagree,
(2) disagree, (3) undecided, (4) agree, and (5) strongly agree. A free-text comment was also included
per statement.

TABLE 2.2 QUESTIONS/STATEMENTS IN SOFTWARE EVALUATION FORM
ID Statement
1 Structured Innovation Tool

1.1 | The Sltool helped find new solutions or new technology development paths toimprove the relevant
design.

1.2 | Amongthe solutions achieved using the Sl tool, solutions were already obtained by adopting
traditional engineering methods (optimisation by trade-off solutions).

1.3 | There are value-added in using Sltools methods (QFD, TRIZ and FMEA). Specify the most helpful
steps for obtaining innovative results.

1.4 | Specify,amongtheSltool's methods, the least user-friendly steps.

1.5 | The stepsare clearand well structured. The information flow is smooth. The documentation and
supporting material was sufficient.

1.6 | Isthere any critical feature missing? Indicate how much effort you spent using external software to
manage DTOcean+ functionality gaps.

1.7 | Theresultsofthe QFD/TRIZ and FMEA can be exported forfurther post-processing or reusedin
additional design activities/tools

2 | State Gatetool

2.1 | The SGtool helpedin my decisionmaking, e.g. Where to focus technology development activities,
areas of improvement to work on, or R&D focus required

2.2 | The SGtool gave meagreaterunderstanding of where my technology isin the technology
development pathway

2.3 | I foundthe tool easyto use

2.4 | The study comparison feature was useful
2.5 | The Activity Checklist was straightforward to fill out
2.6 | lunderstood the stepsin using the tool as the documentation and support provided was sufficient
2.7 | The SGtool helpedalign (or confirm alignment) of my technology development activities with
funderexpectations

3 | Deployment Design tools SC/MC/EC/ET/ ED/SK/LMO
3.1 | The use of studies and entities allows comparing advantages and limitations of various design
alternatives
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ID Statement
3.2 | The design stepsare very clearand well structured. The information flow is smooth. Do youmiss any
critical design feature that is not computed?
3.3 | Deploymentmodules are sufficientlyflexible to capture my project-specific needs, technology
characteristics and desired solutions. If not, please indicate which module (andwhy) does not meet
your expectations.
3.4 | Deploymentmodules produced results that are realisticconsideringthe level of detail of theinputs
provided. If not, please indicate which module (and why) does not meet your expectations.
3.5 | Resultscan be exported forfurther post-processingor reused in additional design activities/tools
3.6 | The catalogues are populated with relevant informationto build credible designs.

4 Assessment tools SPEY/ RAMS/ESA/SLC
4.1 | The fourcategories of assessments provide sufficient evaluation criteria to assess the strengths and
weaknesses of my technology. If not, please identify whichmetricis not covered
4.2 | The assessmentresults are clearand presented in a structured manner. They are relevant for
communication withdecision-makers
4.3 | The assessmentmodules produced results thatare realistic considering the level of detail of the
inputs provided. If not, please indicate which module (and why) does not meet your expectations.
4.4 | Resultscan be exported forfurther post-processingor reused in additional activities

5 | Globalsuite oftools (installation & operation)
5.1 | Theinstallation guidelineis clearand easy to complete

5.2 | Theinstallation process was completed withouterrors

5.3 | The software can be run frommy local workstationwithoutanyissue

5.4 | The prerequisite specifications were clear (memory, OS, processor...)

5.5 | The processofinputting and formattingdata is expected with the level of detail

5.6 | The description/guidance is useful forlearning how to use the software

5.7 | 1am satisfied with the overall speed of computation

5.8 | The tool metmyneedsintherelevantstage of the project lifecycle

5.9 | The modulararchitecture of the software provides me with the freedomto focus on the relevant

design needs

5.10 | The toolscan handlethe complexdata flows efficiently forthe relevant stage of the project lifecycle
6 | Integration

6.1 | | wasable to use the toolsin Standalone mode

6.2 [ I wasable touse the toolsin Integrated mode

6.3 | Thetoolsare flexibletouse for different design objectives and iteration cycles.

6.4 | Dataflowisefficient
6.5 | The userhas control of the design process
6.6 | The toolscan handlethe complexdataflows efficiently for the relevant stage of the project lifecycle
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3. DTOCEAPLUS INSTALLATION
3.1 INSTALLATION REQUIREMENTS

DTOceanPlus can be installed on Windows 10, macOS 11, or Linuxoperating systemsusing Docker. It
can be installed either on a local workstation/laptop or a server on a company intranet. As
development software, the installation requires a relatively powerful computer. The minimum
computer specification to installand run DTOceanPlus is:

» Memory (RAM): 12 GB minimum, 16 GB+ recommended
» Processors(CPUs): 2 minimum, 4+ recommended
Disk Space: >10 GB free space

The “Docker Desktop” opensource software must be installed before installingthe DTOceanPlus
software, and high-level administrator rights must be owned to succeed in Docker installation.
Available RAM for running Docker: 9 GB

The list of minimum computer features to installand run DTOceanPlus is presented in Table 3.1:

TABLE 3.1 HARDWARE AND SOFTWARE REQUIREMENTS FORINSTALLATION AND RUNNING OF THE

TOOLS

CPU 2-4 processors
o w
£ 0
25 RAM 12GB
55
U * Physical memory 64 GB
g Microsoft Windows 10 Pro Version 10.0.1863
g &
a2
or :’-)— Linux 10 Architecture x86_64
%5
g o macOS Version11.1
o
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3.2 COMPUTER SELECTION

The computer(s) used by the different partnersin T7.5 are listed in Table 3.2.

TABLE 3.2 INDUSTRIAL PARTNERS' SOFTWARE ANDHARDWARE USED FOR INSTALLATION

T7.5 PC Work-  Server Internet N° RAM Operating
partner station connection Processors (GB) System
PC Intel Core I7 Windows 10
Nova . - - On 8 vPro 16 .
Specialist Professional
@®2.8GHz
HPZ230 )I(ntel((RR))
Sabell Tower o 8 C‘Ii(l)JnE Windows 10
abela B Workstati | : 3 24 | Pprofessionel
1246v3 @
on 3.50 GHz
Intel®
Core™iz- Wind
oMP DellXPS - - On 8 7700HQ 16 | 'r]‘c °","51°|
CPU® rofessiona
2.8GHz
Intel Core l7 )
Hp VPro 8th Windows 10
UEDIN ) - - On 8 32 Education
Elitebook Gen .
64 bit
@2.1GHz
Windows 10
Hp Intel Core Iy Educati
VEDIN | TV - - On 4 vPro 16 :c‘;_'ton
'teboo @2.8GHz 40!

3.3 DTOCEANPLUS RELEASE HISTORY

During the validation phase, several DTOceanPlus installation versions have beenreleased (see Table
3.3). As discussed below, many iterations were made to the individual modules within the suite of
tools to fixbugs identified duringthe demonstrationand testing process.

TABLE3.3SOFTWARE VERSIONS AND RELEASED DATES DURING THE VALIDATION ACTIVITIES

| Overall softwareinstallerreleases

02/07/2021 version 0.9.0
21/07/2021 version 0.9.1
29/07/2021 version 1.0.0
31/08/2021 version1.1.1

In early July 2021, Open Cascade (OCC) launched the first integrated version of the DTOceanPlus,
allowing the software validation phase to be started by the involved industrial partners relevant to
Tasks T7.4and T7.5 wave and tidal scenarios. The first installation procedure required the use of the
software Cygwin. Unfortunately, the use of this additional software caused many issues to industrial
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partners during the installation phase of the software on local machines. To ease the DTOceanPlus
installation, OCC improved the installation procedure by providing the users with an installation
executablefile (.exe) to be launched in a more user-friendly way, meeting user’s expectations.

On the 215t of July, the new installation procedure was officially launched during a dedicated meeting.
The industrial partners were able to make the first attempts to get familiar with technical and IT
features necessary for:

» “DockerDesktop” installation

» DTOceanPlusinstallation

» Portaineruse

The forty-day validation activity was a compressed work time where industrial partners, modules
developers and software integrators constantly worked in the team, exchanging real-time support
and updates. Industrial partners carried out the validation, trying to use as many software
functionalities as possible. At the very beginning, they faced many problems relatedto the:

» novelty ofthe IT workingenvironment;

» moduledebuggingto be completed;

» roughintegrationamongthe modules.

Industrial partners tested the modules at different complexity levels before starting the core activity
of wave energy scenarios validation. The team continuously shared problems and solutions regarding
any possible issue while running the suite of tools: warnings, error messages, hanging of the modules
management (docker-portainer), input data inconsistencies, lack of dataflow interconnection among
the modules, unexpected results.

A continuous enhancement process of the tools was carried out, and this required a continuous
revisioning activity to refine modules functionalities and enhance the software's robustness. The
versioning of each module was intensive, withinitialand final versionnumbers listed in Table 3.4.

TABLE 3.4 INDIVIDUAL MODULE VERSIONS AND RELEASED DATES DURING THE VALIDATION PHASE
Module’s version development

during the validation phase

# Module 02/07/2021 31/08/2021
1 Sl v0.0.1 v1.0.3
2 SG V0.4.0 v1.0.0
3 SC v0.0.1 vi.5.2
4 MC v0.0.1 v1.0.3
5 EC v0.0.1 v1.1.4
6 ET V1.0.0 V1.15.5
7 ED v0.0.1 0.1.2
8 SK v0.0.1 V1.5.5
9 LMO v1.0.0 v.1.3.6
10 SPEY v1.0.0 v1.6.0
11 RAMS v0.0.1 v1.0.1
12 SLC v0.0.1 0.0.4
13 ESA v0.0.1 vV1.2.1
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Module’s version development

during the validation phase
| # Module 02/07/2021 31/08/2021
14 CM v0.0.1 v1.0.1
15 MM v0.0.1 v1.0.0

Asnoted in the subsequent validation scenario sections, there were many issues with the installation
ofthe tools, including the required Docker software.Some, but not all, of these were resolved during
the testing phase.

Sabella had many issues with Docker for Windows, setting parameters for virtualisation requested
adminrights, and amemory issue could be solved usingan administratorsessionto launch Docker. In
the Windows Task Planner, they had to create a task to launch it automatically with administrative
rights at the start of the computer. The need for administrative rights to use Docker should be clearly
documented; the “Prerequisite” section fromthe current documentation did not help to troubleshoot.
Installation of some modules was quite hard as well, needing support from the software developers.
In addition, as the “Check for update” in the Windows installer was not working properly, there was
stilla need to tell the newest versionmanually. Orbital also had manyissues with Docker, mostly with
the use requirement of Hyper-V service.

Despite the support, many repeated attemptson multiple PCs and the use of the latest DTOceanPlus
software versions, Novacould not successfully install a reliably stable version of the integrated tools
during T7.5, as discussedinsection 6.1. The University of Edinburgh provided a working version of the
software that enabled Novavalidation of VS6.1.
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4.VS4 STRUCTURED INNOVATION TOOLS WITH A TIDAL
SUBSYSTEM

Validation Scenario 4 is representative of a Tidal Energy technology and the Structured Innovation
Tool at a Subsystem level. Orbital Marine Power (OMP), the validation partner, identified the
following Design Objectives:

4.1 VS4 ORBITAL

411 VS4 DESIGN OBJECTIVES

Toimprove existingtechnologies, e.g. Reduced CAPEX, without changingthe designfeatures which
are critical to success

To give a structured process for making design decisions and potentially highlight innovations not yet
considered ordismissed. The ideal metric for comparisonis LCOE improvements, but also considering
timescales and engineering investment

4.1.2 VS4 USE CASES AND USERSTORY

The use case for Orbital’s validation is to explore options for further development of the Orbital O2
connection system. Throughout the development process of Orbital’s floating tidal turbine
technology, many different options have been designed and developed with no option fully identified
as being the best option. The purpose of the validation case is to use the structured innovationtool.
The toolis ideally suited to process the data Orbital have gathered through years of development.

Due to integrationissues with the tools and time limitations, the validation study could not be carried
out withthe full suite of tools. The Structured Innovationtool wasonly used instandalone mode. The
main validation was carried out using the QFD and the FMEA modules, the TRIZ tool was used, but
the user was not confident inhow best to input the data and how to get the best use ofit. Further use
is required to get more comfortable and confident inthe operation and outputs of the process.

Afull FMEA study was carried outwith the current mooring systemdeployed onthe O2 tidal turbine,
see Figure 4.1.
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FIGURE 4.1 ORBITAL O2 TIDAL TURBINE AND MOORING SYSTEM

413 VS4 DTOCEANPLUS TOOLS SELECTION

Only the Sl toolinstandalone mode was used for the validation in VS4. Note that the SlItool works at
all levels of technology maturity and does not have separate complexity levels

TABLE 4.2 TOOLS TESTED INVS4
| Module/tool |
StructuredInnovation (SI)

4.1.4.VS4INPUT DATADESCRIPTION

Due to confidentially, Orbital cannot include specific details of the data input nor the specifics of the
outputs. The validation was carried out by inputting data from a number of mooring systems and
configurations developed by Orbital and several options under consideration for development for
future turbines. All of the data used has been developed and understoodin house. Data for previous
turbines has been well validated through a systematic method of analysis and testing. Most of the
datainput into this validationis from well-understood mooring systems.

4.1.5 VS4 RESULTS

The results from the QFD tool were very illuminating; it allowed Orbital to be able to compare several
various optionsin an easy to view and understand manner. The progressionthroughthe toolis easy
to navigate and understand what is required at all stages.

In the customer requirement stage, the user can specify a number of requirements and give them a
ranking in order of importance. For the mooring validation, examples of the requirements are cost,
installability and maintainability. The importance value is somewhat confusing as there is no pre-
defined scale; it seems to be unlimited as to what canbe set to. It would be more beneficial if it was a
predefined scale such as 1-10.

The functional requirement tab is the same as the previous, with the ability to specify how to measure
the ability to reachthe customers’ requirements. Again, there is the ability to input as many variables
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and requirements as required. From further use of the tool, it is apparent that the more you can put
into this section, the better, evenif consideredtrivial, as the solutions are very extensive, so the more
detail that can be compared against will give more valuable output.

The impacts tab is very simple and straightforward to fill out, although the more that you put into the
functional requirements tab means that the matrix that you are filling out gets larger; it was found
that ten or more functional requirements defined make the screena little cluttered and hard to read
on the screen. This is the same for the correlations tab; more inputs make it a little more difficult to
follow and fill out.

One of the recommendations from the module developer was that although many functional
requirements can be defined to meet the customer requirements, only the most important impact
requirements for satisfying the customer requirement should be carried forward for further
assessment.

The TRIZ tab seemed straightforwardto fill out; however, some description of the importance of the
TRIZ class would be beneficial; with little prior knowledge of TRIZ, | was not sure how best to classify
each requirement.

The solutions tab againis nice and straightforward to fill out. With the Orbital validation case, seven
options that are well known and understood were input. This tab is a very good one-stop shop that
helps to collate all of the informationaround each option.

The reporttab is again very well structured and easy to follow and understand. The requirement tab
does a really good job of summarising the inputs, as does the deviation from targets, which shows
how eachoptioncompares against the other. Although all of the data was thoroughly understoodand
documented prior to the study, it was very interesting to see it all collated in one place and very
beneficial to seeitin one place. The ideality of solutions tab takes the previous taband really displays
it in an easy-to-understand format.

The results displaced in the ideality of solutions tab were very much in line with what Orbital had
devised in house. The top two options were by far ahead of the others, which was as expected, and
these are the options that have beenprogressed into further development. Interestingly the options
that have been disregarded have never really been ranked in terms of potential viability; two of the
options had a relatively high score compared to the others that have been disregarded. This has led
to a potential for re-evaluation of the options to possibly lead to the re-design and implementation of
future turbines' design.

The FMEA tool is a fantastic addition to the Sl toolbox. Previously, FMEA has been a rather
unstructured process. This tool really gives a fantastic flow to filling out each section, ensuring that
the useris able to truly focus onthe section being completed. This helps to ensure that all eventualities
are considered and analysed properly. The results of the FMEA tool compared favourably with the
FMEA carried out in-house. The time takentofill out the FMEA tool was considerably less thanthe in-
house FMEA, clearly showingthe benefit of the tool whilst still providing similar results.

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 23|76




D7.8 DTOcean+
Demonstration Results of Integrated Design Tools for Tidal Energy v —

5. VS5 STAGE GATE TOOLWITHTIDAL DEVICE

Validation Scenario 5 is representative of a Tidal Energy Technology, using the Stage Gate tool at
the Devicelevel. Orbitaland Sabella considered two sub-scenarios.

5.1 VS5.1 ORBITAL

5.1.1VS5.1 DESIGN OBJECTIVES

Perform a stage gate assessment for a device using anembedded and standalone mode of the Stage
Gate design tooland produce a report for the developerto demonstrate their performance

5.1.2 VS5.1 USE CASES AND USERSTORY

Technology developers/ designers: Assess their device in the context of an array, i.e. assessing
LCOE(£/kWh) to prove what stage their technology is at and highlight any areas which were unable
to be assessed withalink to the Structured Innovationtool for further development.

513 VS5.1 DTOCEANPLUS TOOLS SELECTION

Due to time constraints, Orbital could not run the SG tool in integrated mode with the deployment
design tools. Note that SG works at all levels of technology maturity and does not have separate
complexity levels.

TABLE 5.2 TOOLS TESTEDINVSs5.1
| Module/tool |
Stage Gate (5G)

5.1.4 VS5.2 INPUT DATADESCRIPTION

The SG assessment carried out by Orbital was only the activity checklist option. This was carried out
in anin-depth manner as required, with allinputs considered as intently as possible to ensure that the
results truly reflected the companies stage indevelopment.

5.1.5VS5.2 RESULTS

Though only able to carry out the activity checklist, it enabled Orbital to gain valuable o utputs from
the use ofthe tool. It aligned basically with where we think our technology currently stands in terms
of development and highlighted a number of areas that have possibly inthe past been dismissed but
more recently have been identified as areas that should be focused on. Consequently, Orbital are
looking at options to carry out some ofthe activities unticked.

Orbital have very muchtakena structured approachto the development of our technology. This has
involved numerous testsofscale models, bothinreal world environments and intank environments.
As the technology approaches commercialisation, the SG tool has highlighted the importance of
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continued scale/tank tests. This is something that was not considered of high importance for the
company goingforward priorto carrying out the SG assessment. Following on for these results Orbital
have since engaged with various testing partners to open dialogue with regards to continued tank
testing. Previous tests have generally been focused on the overall system performance, this has
enabled Orbital to gain a very high degree of confidence our numerical models, so future tests are
likely to focus on subsystems, suchas moorings and PTO performance.

With regards to the PTO performance it is likely that Orbital will be looking to engage partners for
some PTO benchtests, unfortunately due to commercial sensitivity more detail cannot be included in
this report. One of the main drivers for exploring the avenue of PTO testing was the outcome ofthe
SG tool which highlighted its importance for control.

5.2 VS5.2 SABELLA

5.2.1 VS5.2 DESIGN OBJECTIVES

The Design Objective for VS5.2 is to perform a stage gate assessment for a device using the
embedded and standalone mode of the Stage Gate designtool and produce a reportfor the developer
to demonstrate their performance

5.2.2 VS5.2 USE CASES AND USERSTORY

Technology developers/ designers: Assess their device in the context of an array, i.e. assessing
LCOE(£/kWh) to prove what stage their technology is at and highlight any areas which were unable
to be assessed witha link to the Structured Innovationtool for further development.

DEPLOYMENT DESIGN TOOLS

Site
Characterisation

User
inputs

Logistics
& Marine
Operations

Station
Keeping

Energy Energy

Capture Transformation
Machine

Characterisation

ASSESSMENTTOOLS ‘\\ STAGE GATE
| =z
System Availability, metrics

e e Maintainahil'rllr:y T ts (if already defined)

Energy Yield HIELTLIE |Targets (if already define
\ A Survivability y n

STRUCTURED INNOVATION

s h 4 h
et | o
Social Acceptance Lifetime Costs
. Y 9 J

FIGURE 5.2 MAIN FLOW OF INFORMATION BETWEEN MODULES IN VS5.2.
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5.2.3 VS5.2 DTOCEANPLUS TOOLS SELECTION

All of the Deployment and Assessment tools (except ESA & RAMS), plus the Stage Gate, Main
Module, and Catalogues, were testedfor VS5.2, asshownin Table 5.2. Note that SGworksat all levels
oftechnology maturity and does not have separate complexity levels.

TABLE 5.2 TOOLS AND COMPLEXITY LEVELS TESTEDIN VS5.2
Module/tool Complexity 1 Complexity 2 Complexity 3
Site Characterisation (SC)
Machine Characterisation (MC)
Energy Capture (EC)
Energy Transformation (ET)
Energy Delivery (ED)
Station Keeping (SK)
Logistics and Marine Operations
(LMO)
System Performance and Energy
Yield (SPEY)
System Lifecycle Costs (SLC) v
Environmental and Social Acceptance Unable torun ESA at
(ESA) complexity 1
Reliability, Availability, Maintenance, | Unable torunany of RAMS
Survivability (RAMS) toolsat complexity 1
Stage Gate (SG) v

\

S RNENEVENEN

(\

5.2.4 VS5.2 INPUT DATA DESCRIPTION

The project includes two D15-500 SABELLA, 500 kW turbines, shown in Figure 5.2, and is located in
the Fromveur straight in Brittany (France), shownin Figure 5.3. This site has been partly defined using
SABELLA data, five-year timeseries for the velocity field and water height in the lease area. The
bathymetry, seabed type, roughness length, and endangered species were defined using the
catalogue data provided with the software.

The turbine is a three-bladed, 15m diameter rotor, driving a PMSG through a direct-drive
transmission. The nacelleis held by a gravity-based metallic support structure, shownin Figure 5.2.

The two devices are directly linked to the land via a 2km electric cable with no substation. The site is
shownin Figure 5.3and Figure 5.4.

SABELLA has defined an advanced corrective and preventive maintenance plan for this project.
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FIGURE 5.3 SABELLAVS5.2 PROJECT IN THE FROMVEUR STRAIGHT IN BRITTANY (FRANCE)

5.2.5V55.2 RESULTS

In this section, results obtained by SABELLA from running Validation Scenario 5.2 within the
DTOceanPlus suite of tools are provided. For confidentiality reasons, some key metrics have been
selected, compared to the real case study values, and expressed under a relative difference form,

along withexplanatory comments.

The followingformulais used to calculate the relative difference:
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Valueproceanpius — Valuesaprria

Relative Dif ference (%) = Value
SABELLA

A negative value thus means that the value calculated by DTOceanPlus is inferior to the reference
value from SABELLA.

For general remarks from SABELLA on Deployment and Assessment tools functionalities and user-
friendliness, reference is made to Section 6.3.5.

5.2.5.1 SITE CHARACTERISATION

The Fromveur Straight was partially defined using SABELLA proprietary data, formatted to match
the Site Characterization module requirements. The Site Characterization module was relatively easy
to use, and the database already included makes it convenient to create a site for which data is not
available to the user (bathymetry, seabed type and roughness and endangered species).

The Array Landing Point is located onthe Ushant Island in Brittany (France); see red line in Figure 5.4.

- - ——

. G A ‘

13 el
Ouessant © o1
s _Lampaul

FIGURE 5.4 SABELLA VS5.2 LEASE (GREY) AND CORRIDOR (RED) AREAS IN THE FROMVEUR STRAIGHT
INBRITTANY (FRANCE)

5.2.5.2 MACHINE CHARACTERISATION

SABELLA Da5-500 characteristics were conveniently modelled with the Machine Characterization
Design tool. However, we suggest completing the turbine modelling with a tab dedicated to the
definition ofthe control strategy, in the form of a tidal flow speed vs turbine rotational speed table.
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5.2.5.3 ENERGY CAPTURE

The Energy Capture module was easy to use in integrated mode, except that it could be explicitly
mentioned that the coordinate system used for the location ofthe devices is the UTM 30.

We observed a 6.5% overestimation of captured energy by this module compared to the real case
study.

5.2.5.4 ENERGY TRANSFORMATION

SABELLA was able to run the Energy Transformation module at complexity 3. Except for the
definition of the control strategy of the turbine, which has been extensively discussed with the module
developers and for which propositions were made inthe Validation Task Evaluation Form, SABELLA
was able to model the technology properly.

In Table 5.3, a comparison betweenthe real case study established by SABELLA and resultsobtained
with the Energy Transformation module is provided:

TABLE 5.3 EVALUATION OFRESULTS FROM ENERGY TRANSFORMATION IN VS5.2

Categor R Comments
gory difference (%)

Design - Weight of the -61 Weight is 2.6 times higherin SABELLA
components estimations forthe corresponding components
Design-Billof | Grid conditioning -80 The cost forthe grid conditioningis five times
Materials cost higherin SABELLA turbines. A transformator was

not included in the ED module, though there is one
in SABELLA turbines. Allowingto add extra costs
and weights for components that are not
represented in the ET module would be useful.

Drivetrain cost - No model wasimplementedfordirect-drive
transmission; thus, the costforthe drivetrain was
null.

Generator cost o Values forthe PMSG were entered viathe
catalogue, thus matching the real cost

Assessment- | Captured Energy 6.5 Calculatedin EC. Regarding the assumptions
Energy made in the site characterization, this difference is
acceptable

Mechanical 7 There should be no difference between captured

Energy and mechanical energy, as no loss due tofriction is
accounted for

Electrical Energy -30 This difference is partly explained by the poor

modelling of the turbine operationby the Energy
Transformation module. Suggestionstoadd a
‘velocity vs omega’ table to the Cp/Ct definition
sectionin MCwould significantly improve control
definition in DTOceanPlus. Another explanationis
the complexity torepresent generator
characteristics with the ET module.
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Categor R Comments
gory difference (%)

Grid Conditioned -28 Alarge part of this differenceis explained by the
Energy discrepancy between DTOceanPlus and the real
case study for Electrical Energy
Additional Captured Energy 0.5
calculations to Mechanical
from SABELLA = Energy efficiency
Mechanical -35 This difference is partly explained by the poor
Energyto modelling of the turbine operation by the Energy
Electrical Energy Transformation module. Suggestions to add a
efficiency ‘velocity vs omega’ table to the Cp/Ct definition
section in MC would significantly improve control
definition in DTOceanPlus. Another explanation is
the complexity to represent generator
characteristics with the ET module.
Electrical Energy 2.8
to Grid
Conditioned
Energy efficiency
Assessment - Cost of the -58
Economics components

5.2.5.5 ENERGY DELIVERY

The Energy Delivery could be run at complexity 3, and SABELLA faced no major issue with VSs.2.
However, we had to adjust some values related to the voltage to match with values proposed by the
dropdown menus of the ED module.

In Table 5.4, acomparison betweenthe real case study established by SABELLA and results obtained
with the Energy Delivery module is provided:

TABLE 5.4 EVALUATION OF RESULTS FROM ENERGY DELIVERY INVSs5.2

Relative
e difference %9

Annual energyyield -27 Alarge part of this differenceis explained by the
discrepancy between DTOceanPlus and the real
case study for Electrical Energy in the Energy
Transmission module

Annuallosses -65

Annual efficiency 1.7

Total cost (electrical) -31 Thisitem includes the onshoreinfrastructure

costs. Without the onshoreinfrastructure
contribution, the costs from the Energy Delivery
module wouldbe twice the costs from thereal
case study
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Categor Rz e Comments
gory difference (%)

Cost of energy (electrical) -4.6 The cost and the energy yield are underestimated
by the same amount, leading to a cost of energy
close to the real case study

Transmissionnetworkdesign - Total 3.5
length of export cable

Bill Of Material Summary - Transmission -20
network costs

Static cables - Installation cost (proxy) -8

5.2.5.6 STATION KEEPING

The order of magnitude for bothloads and stability-related results seemscorrect.

5.2.5.7 LOGISTICS AND MARINE OPERATIONS

The terminal selected by the LMO module was Portland for Installation and Decommissioning
Operations. In the current organisation at SABELLA, turbines are manufactured in Brest (France),
which is closer to our offices. We may study Portland as an alternative for the upcoming projects.
Nonetheless, this would be appreciated to have more flexibility onthe terminal that the LMO module
uses.

We noticed asignificant difference between what was described inthe real case study O&M planand
what was proposed by the LMO module. We would have beenreally interested in havinga much more
detailed description of sequences of onshore and offshore operations. These resultsare visible on the
“Export Full Study” page but in a json file format, from whichinformationis hard to extract. For this
reason, no relevant comment could be made on costand duration estimates for unitary operations,
and only high-level comparisons could be made.

As stated previously, unrealistic time series were defined for the wave climate. Thus, Waiting on
Weather-related calculations were affected.

In Table 5.5, a comparison between the real case study established by SABELLA and results obtained
with the Logistics and Marine Operations module is provided:
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TABLE 5.5 EVALUATION OFRESULTS FROMLOGISTICS AND MARINE OPERATIONS INVS5.2

Relative

Installation Foundation- 397 Installation time required is 5 times higherthan
solution Total duration estimatedby SABELLA
Foundation- 18
Total costs
Cable - Total 56 Durationis1.5x higherthan estimated by
duration SABELLA
Cable - Total -54
costs
Device - Total 155 Duration is 3x higherthan estimated by
duration SABELLA
Device - Total -72 Total costs fordevice + support structure

costs installations are underestimated by a factor of 3.
LMO misses additional costs related to project
management and preliminary studies

Maintenance Inspection total 171
solution costs
Inspection total 171
duration
Number of 100 Half of the preventive maintenance operations
operations were not planned by SABELLA. We did not
considerusing the cataloguesto adjust the
frequency before running LMO. This would have
made the Maintenance operations generated by
LMO muchcloserto the reality.
Decommissioning = Foundation- 378 Duration is overestimated by afactor of 4.5
solution Total duration
Foundation- 18
Total costs
Device - Total 145 Duration is overestimated by afactorof 2.5
duration
Device - Total -72 Costs are underestimated by a factor of 3.5
costs

The Logistics and Marine Operations tool is definitely one ofthe more interesting modules of the full
DTOceanPlus suite from SABELLA perspective.

However, we think it is important to have more flexibility in the definition of operations. In VSs.2,
during the installation and decommissioning phases, the device and the foundationareinstalled in a
single operation, with the device being laid on the support structure. However, it is only possible to
remove the nacelle from the support structure during maintenance operations. Accounting for these
multiple possibilities would add further value to the tool.

5.2.5.8 SYSTEM PERFORMANCE AND ENERGY YIELD (SPEY)

The System Performance and Energy Yield Assessment tool was run at complexity level 3. In Table
5.6, acomparisonbetweenthe real case study established by SABELLA and resultsobtained with the
SPEY moduleis provided:
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TABLE 5.6 EVALUATION OF RESULTS FROMSPEY INVS5.2

Relative
difference (%)

Efficiency | Relative Array 31
Transformed
Efficiency
Relative Array 1.8
DeliveredEfficiency
Energy Array Lifetime Gross -14 Alarge part of this differenceis explained by the
Production = Energy discrepancy between DTOceanPlus and the real
case study for Electrical Energy in the Energy
Transmission module
Array Lifetime Lost -100 The meaning of this metricis not clear, so we
Energy considered this was the loss due to devices
unavailability. Thisis 250 times higherin the real
case study than calculatedin the SPEY module.
Array Lifetime Net -11 Alarge part of this differenceis explained by the
Energy discrepancy between DTOceanPlus and the real

case study for Electrical Energy in the Energy
Transmission module

5.2.5.9 SYSTEM LIFETIME COSTS

The System Lifetime Costs module was run, and a comparison between the reference case study and
results from SLC was made for some key metrics (see Table 5.7). Calculations related to ACE (Average
Climate Capture Width/ Characteristic Capital Expenditure) have not been done, as this metricis not
used in the tidalindustry.

TABLE 5.7EVALUATION OFRESULTS FROMSLCIN VS5.2

Relative difference
Category (%)

EconomicMetrics - LCOE -14
EconomicMetrics - CAPEX -27
EconomicMetrics - Costequipment -31
EconomicMetrics - Costinstallation 11
EconomicMetrics - Total OPEX -9.6

5.2.5.10 RAMS

Due to issues encountered in each RAMS module and lack of time to solve them, using the RAMS
Assessment tool withinthe project timeline has not been possible.
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5.2.5.11 ENVIRONMENTAL AND SOCIAL ACCEPTANCE

Due to issues with the ESA modules (Device Info and Electrical Info GUI empty), and lack of time to
solve theseissues, it has not been possible to use the ESA Assessment tool within the project timeline.

5.2.5.12 STAGE GATE

We found this module quite user-friendly. However, some limitations emerged, like the unavailability
ofthe Improvement Areas feature, probably due to ourinability to runRAMS and ESA.

General comments on Activity checklist

The activity checklistis an interesting feature to help companies see what will need to be achieved to
scale up at the start oftheir activity. We think this tool will be useful when communicating with other
stakeholders as it sets a common ground. However, we could not appreciate this specific aspect
because we had to set our ownthresholds without a third party involvement, thus without having the
real-life expectations from project developers for ourparticular case, for example.

Some specific and minor issues were raised inthe Validation Task Evaluation Form, addressing user-
friendliness aspects of the Activity Checklist.

General Comments on the Stage Gate Assessmentin Applicant Mode

Maybe it could be useful to add a text on the main page to inform the user that he can assess their
technology against a single Stage Gate, but he has the possibility to do moreif needed. Furthermore,
quantitative questions should be more visible to the user, as they are easy to miss.

When quantitative data cannot be fetched from the D&A tools (because the Stage Gate toolisrunin
standalone mode or some modules have not run), this should be explicitly explained to the user and
the blank fields they need to fill should be highlighted.

General Comments on the Improvement Areas functionality

This feature seems really useful for early-stage technology developers, asthey will face many hurdles
in the product development process. Maybe more advanced technology developers will not find the
Improvement Areas as useful because they are already aware of their technology's critical issues.

However, as this toolis expected to be anintermediate betweenan Assessor and an Applicant, it can
raise any concerns or issues and better comprehend the Assessor's challenges the Applicant is
currently dealing with.

Results obtained with the Stage Gate tool

Based onthe Activity Checklist results, we used the Stage Gate toolto produce a report withrelevant
information relative to Stage Gate 3-4, which was the most appropriate stage for SABELLA
technology readiness.
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During the verification and validation processes, we successfully tested the Stage Gate tool both in
standalone and integrated mode. The integrated mode is undoubtedly the mostinteresting way to
use the tool, as the process of fetching results from the D&A modules is efficient.

Due to the discrepancy in how Deployment modules calculate production, no exploitable value for the
LCOE was extracted at the time of writing, thus limiting our ability to fulfil the design objectives for
VSs5.2. However, once this issue is resolved, the Stage Gate tool will easily allow technology
developers to visualise the progressstillto be done to move tothe next Stage.

We were considering our technology to be at Stage 3 beforehand, linking to the [EA-OES standardized
framework. This was confirmed by the Stage Gate tool, but results emphasised the need to spend
more resourceson some activities, e.g. onshore testing, particularly via dedicated rigs adapted tothe
study of accelerated life testing of the PTO.

The Areas of Improvement feature could not be run at the time of writing. Therefore, no link could be
made withthe Sltool.
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6. VS6 DEPLOYMENT DESIGN TOOLSWITH TIDAL ARRAYS

Validation Scenario 6is representative of a Tidal Energy Technology, usingthe Deployment Design
Tools at Array Level. Nova, Orbitaland Sabella considered three sub-scenarios.

The scenario objectiveswere

» Tocarryoutathird party 'validation' of new array projects at various sites, but also to assess how
their device/technology works in an array compared against an individual device & provide
evidence for marketing/investment

» Ensuring the functionality of floating tidal array projects and ensure that what's being validated is
adjusted to floating

» Provide awellvalidated toolforthe next five years

6.1 VS6.1 NOVA

6.1.1 VS6.1 DESIGN OBJECTIVES

To carry out a ‘validation’ ofa (new) array deployment at a proposed tidal site to provide third party
evidence of performance to corroborateinvestment cases.

6.1.2 VS56.1 USE CASES AND USER STORY

The Nova use case for validation was to utilise our well-proven M1oo tidal turbines and deploya large
array of 10-5oturbines at Nova's operational tidal site in Bluemull Sound, Shetland Islands, Scotland.
The Shetland Tidal Array already consists of 4 turbines and has been operational since 2016, therefore
providingan excellent real-life data-drivenvalidation opportunity.

Due to integrated deployment tool limitations, the use case validated was for a 4-turbine array of
Mz1oo turbines at a new site: Raz Blanchard. This provideda good indirect comparison with the known
performance of the Shetland Tidal Array, the world’s firstin-sea tidal array.

6.1.3 VS6.21 DTOCEANPLUS TOOLS SELECTION

ForVS6.1, only the Main Module (MM), Deployment Designtools (SC, MC, EC, ET, ED, SK, LMO) and
catalogues (CM) were tested, as shownin Table 6.1. Althoughit was not possible to test the Logistics
and Marine Operations tool at complexity 3, the functionalities utilising our amended VS6.1 were
demonstrated and discussed in-depth on a callwith WavEC and all three tidal developers.
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TABLE6.2TOOLS AND COMPLEXITY LEVELSTESTED INVS6.1
Module/tool Complexity 1 Complexity 2 Complexity 3

Site Characterisation (SC) v v v
Machine Characterisation (MC) v v v
Energy Capture (EC) v v v
Energy Transformation (ET) v v 4
Energy Delivery (ED) v v
Station Keeping (SK) v v
Logistics and Marine Operations (LMO) 4 4 v
Demonstrated by WavEC

6.1.4 VS6.1 INPUT DATA DESCRIPTION

Due to integrated software issues, it was not possible to use data for the Nova Bluemull Sound
deploymentinthe Site Characterisationtool; therefore, one of the built-in example sites was tested.
This was the medium wave/high current resource, located at Raz Blanchard, France, similar to other
sites Nova is very familiar with and provided a good validation scenario. Nova hopes to undertake
further work with the University of Edinburgh under the EnFAIT project*for VS6.1at Bluemull Sound
(shown below)over the following year.

[L/ Unsy

Blugmull Sound

Yell

Map data © Operstreetiap contnbutor |

FIGURE 6.1 LOCATION OF BLUEMULL SOUND DEPLOYMENT SITE

* Enabling Future Arraysin Tidal, H2020 Grant Agreement N2 745862, https://www.enfait.eu/.
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FIGURE 6.2 MODELLED SURFACE CURRENT SPEED AT BLUEMULL SOUND DEPLOYMENT SITE

Dimensions and electromechanical properties of the well-proven Nova M1ooD tidal turbine were used
in the modules as far as possible.
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Where VS6.1 input parameter values utilised differed from those provided in the catalogues, these
were updated to reflect reality, e.g. the use of multicat vessels (see photo below), cable parameters,
etc.

FIGURE 6.4 DEPLOYMENT OF A NOVA M10oo-D TIDAL TURBINE FROM MULTI-CAT VESSEL

6.1.5 VS6.1 RESULTS

The results of VS6.1 are presented in this section, covering first overall comments, then module-
specific comments insubsequent subsections.

Whilst the Deployment tool integration, bug-fixing, and installation issues have taken up vast
amounts of Nova time even after the initial integrated software was delivered mid-July, it really feels
there is something of utility appearing. We hope to undertake a full further Deployment tool
validation of VS6.1 with UoE under the EnFAIT project should the integrated software continue
developmentto astable tool.

In terms of exporting/post-processing results, Nova would likely only use the ‘third party’
DTOceanPlus results for comparison purposes withinhouse Nova tools, so results are sufficient, and
no further post-processing or direct exportis currently required.
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6.1.5.1 MAIN MODULE

The advantages are clear in that the use of studies and entities swiftly allows straight forward
comparison ofthe advantages and limitations of various design alternatives. However, as previously
mentioned, there were real issues with integrated modules working together, particularly under
higher complexity levels.

The ability to ‘branch’ projects is a powerful functionality allowing sensitivity checking of various
scenarios.

6.1.5.2 CATALOGUES

The catalogues are easy to use (or update) flexible means of inputting and accessing relevant data.
The ED and LMO catalogues were utilised and edited to reflect better the likely components or vessels
Novawould use to deliver anarray of tidal turbines of this scale.

6.1.5.3 SITE CHARACTERISATION

Due to software issues, we were unable to input Bluemull Sound data at the higher complexity levels.
The example test case data for Raz Blanchard worked well and captured sufficient data for our needs.

Home of the Entity : Mova test 3 sc

Overview

Longitude : 202" Latitude : 4972

Overview of meteocean conditions

Variable / AP Min Mean Max Sed

Waves

Hs [m] ooy 1.32 T 0.6

] 0.1 143 333 077
Mag [r's]

Winds . 5
Mag10 [m/s] 0 B8.13 2759 385
Watar Levals

WLEV [m from A7 15 AT TT 5018 0.8
M5L]

FIGURE 6.5 OVERVIEW OF SITE CONDITIONS USED AT BUILT-INRAZBLANCHARDSITE, USED TO
REPRESENT BLUEMULL SOUND DEPLOYMENT SITE

The integrated software often had issues with low-level project details, as noted in our online
feedback (e.g. snapping of close together points etc.)

The GUI was nice to use and understand, while the figures returned seem accurate and the maps are

clear.
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FIGURE 6.6 OUTPUT FROM SITE CHARACTERISATION SHOWING TIDAL RESOURCE

The co-ordinated display of information could be improved, e.g. rather than separately displayed
maps (see below) with differing visual scales, layered maps as in a typical Geographical Information
System (turbine locations ontop oftidal resource, bathymetry etc.) would allow users swift vis ual
error checking on expected outputs.
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FIGURE 6.7 OUTPUT FROM SITE CHARACTERISATION SHOWN ON SEPARATE PLOTS RATHER THAN
COMBINED LAYERS

6.1.5.4 MACHINE CHARACTERISATION

Better information to explain requirements would be beneficial, e.g. bubbles/hover-overs against
input definitions in the tool. For example, ‘Dimension’ definitions would be beneficial to help the user
to understand more fully. There is some ambiguity as to how the inputs are used and their importance
to the calculation.

6.1.5.5 ENERGY CAPTURE

The GUI and maps allow clear and accurate input of the turbine positional data see Figure 6.8. The
data for the M1oo-D was entered, and the calculated AEP is as would be expected, see Figure 6.9.
However, itis notimmediately clear what the 'Site Condition Summary’ denotes, see Figure 6.10.
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FIGURE 6.9 OUTPUT FROM ENERGY CAPTURE FOR REPRESENTATIVE ARRAY
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FIGURE 6.10 ENERGY CAPTURE"SITE CONDITIONS SUMMARY"

6.1.5.6 ENERGY TRANSFORMATION

The Nova M1ooD input data was successfully input to the ET module with the following qualifications:

» Interms ofinput PMSG efficiencies — perhaps best to use a normal load-efficiency curve?
There seems to be alotofinput data that maynot berequired unless the ET module is undertaking
a very detailed design, e.g. machine reactances? (Unable to verify the validity of such inputs as
higher complexity level 3 not run successfully.)

This module was a little harder tovalidateas we could not verify higher complexity level scenarios due
to software issues and had difficulty deciphering from the GUI-level information where any
calculationerror had emanated from, e.g.:

» The initial results returned contained massive (unrealistic) losses and no transparency to
determine why the calculation was incorrect. Not sure if it was the ET module or another, but
energy to the grid (MWh) returned was initially tiny compared to what would be expected. This
seemed to be fixed for our final validation attempt, but more validation testing was required.

» There would seem to be more power after mechanical efficiencies are accounted for? See
screenshot of returned textual results, Figure 6.11.
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ET_devices_outputs (complexity 2).json ET_devices_outputs (complexity 2) json

2

HjO'/.

77.25,

183.08,

342.27,

475.22

! .
FIGURE 6.11 COMPARISON OF JSON RESULTS FROM ENERGY TRANSFORMATION, SHOWING HIGHER
POWER AFTER MECHANICAL TRANSFORMATION STEP (RIGHT)

6.1.5.7 ENERGY DELIVERY

The ED module seemed to returnsensible solutions and performance numbersthat closely matched
expectations for this site. ED catalogue cable parameters relevant and utilised successfully. Costs are
notrepresentative but may be easily changed in the catalogue to actuals forimproved accuracy.

Additionally, further options for the hub(s) with dry-mate connectors could be useful.

[nergy delivery system design results

Srwrany

Srteach fenge | ey b Setmrrr fenge )
Twigewen R et Comterrtian -

P Arnas ey red P L Ao
bevs b A 10 Do onren
Mos ey - At WPy ¢ ot ™y
vy e pows ekt - s Ay 4 pewer o . Aoy st power A

Avay BT pew AT . £ ATy e ties pomer WAL L ¢ ‘ L Ay e power evtpet | 2

ottt (b e Vohut codt {aecteny 0 Totat Coet ntmtncars

Sonl o gy b e ) Covt of wmmegy | et Cand of wmer gy St

FIGURE 6.122 OUTPUT OF ENERGY DELIVERY FORREPRESENTATIVE ARRAY INVS6.1
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6.1.5.8 STATION KEEPING

The SK module GUl'has a good clear layout.

Our previous designiterations of the standalone tool with FEM means the software now nicely takes
care of gravity foundations for tidal developers and returns reasonable resultsin line with

expectations, i.e. mass required to stop overturning or slippage for our M1ooD turbines.

In future, it would be useful if the toolundertookfurther iterations of the initial designto account for
the self-induced drag of each calculated foundation design.

6.1.5.9 LOGISTICS AND MARINE OPERATIONS

The LMO catalogue seems comprehensive; details are accurate and easily adapted to a user’s
requirements.

The results obtained fromVSé6.1indicate a few improvements to the LMOtoolset:

»

It would be good to be able to force a maintenance rate (e.g. xo0.5 p.a.) as MTBF from another
module (ET?) seemed to resultinridiculously highinterventionrates initially?

An ability to remove divers and ROVs should be added as neither are required to deploy Nova
turbines.

All cables require decommissioning, and this must be included as standard.

Differing operations will have certain time windows (between tidal velocity limits during ‘slacks’)
to achieve. At some sites, this may mean operations must be spread across certain predictable
tidal conditions (e.g. neaps). The software should be adapted toallow for this.

All facets of Nova deployment and recovery are designed to utilise lower cost multicat ve ssels —
this leads to anactual estimated cost an order of magnitude lower than that initially calculated by
the tool.

Additionally, the time actually takento perform the offshore operations is likely somewhat lower
(30%) than that calculated.

Overall, even after modifying details in the catalogue, the costs calculated are higher than those
expected in real life. This is likely to do with the scheduling performed, which may be further
investigated infuture.
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Installation solution:

=

FIGURE 6.23 OUTPUT FROMLMO SHOWING INSTALLATION SOLUTION CALCULATED

6.2 VS6.2 ORBITAL

6.2.1 VS6.2 DESIGN OBJECTIVES

To validate potential scaling up of the current Orbital O2 drivetrainto be deployed at EMECberths.
Results of which will be used to inform business decisions with regard to future projects.

6.2.2 VS6.2 USE CASES AND USERSTORY

The original Orbital case for the validation was to take the current orbital O2 drivetrain (Figure 6.14)
and scale-up rotor diameter, from the current 20m, in set increments to find an optimal design for
deployment at EMEC berth 5. The O2 has recently been deployed at berth 5, and is currently
undergoing a staged commissioning program; therefore, full operational data is not available for
comparison in the validation cases. The validation case will therefore have to be carried out against
initial design parameters.

Due to the integration issues, it could not carry out the validation against the site at EMEC berths;
therefore, allwork was done at Raz Blanchard.
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FIGURE 6.14 ORBITAL O2 DRIVETRAIN RECENTLY DEPLOYED AT EMEC

6.2.3 V56.2 DTOCEANPLUS TOOLS SELECTION

For VS6.2, only the Main Module (MM), Deployment Design tools (5C, MC, EC, ET, ED, LMO) and
catalogues (CM)were tested, asshownin Table 6.2. Note that although it was not possible to testthe
Logistics and Marine Operations tool at complexity 3, the functionalities were demonstrated and
discussed on a call with WavEC and the three tidal developers. Attempts were made to validate the
Station Keeping tool, but it was unable to load the data in from previous tools correctly and thus
unable to be processed, soalthough no resultswere generated, the use of the tool can be commented

on.
TABLE 6.2 DEPLOYMENT TOOLS AND COMPLEXITY LEVELS TESTEDINVS6.1
Module/tool Complexity 1 Complexity 2 Complexity 3
Site Characterisation (SC) v v v
Machine Characterisation (MC) v v v
Energy Capture (EC) v v v
Energy Transformation (ET) v v v
Energy Delivery (ED) v
Station Keeping (SK) Partially v/
Logistics and Marine Operations (LMO) Demonstrated by WavEC
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6.2.4 V56.2 INPUT DATADESCRIPTION

With the software issues, it was not possible to use Orbital’s data for the EMEC berth 5 in the site
characterisationtool. Soforthe validation cases ran, the database example sites in the tool were used.
For complexity levels 1 and 2, this was the Raz Blanchard site with the medium wave/high current
resource. Although not exact to the conditions at EMEC berthg 5, it is similar and in line with other
sites, Orbitalare exploring.

Machine characterisation data was input with accurate datato represent the Orbital O2 turbine, and
for the validation cases, this data wasaltered slightly to represent the potential for drivetrainscaling,
such as a larger rotor diameter. Baseline technical specifications for the orbital O2 are shown in Table
6.3

TABLE 6.3 TECHNICAL SPECIFICATION FORTHE ORBITAL O2 TURBINE

Parameter Value

Rated capactiy 2,000kW
Rated Tidal Speed 2.5m/s
Rotor Diameter 20m
Tidal speed range 0.5m/s—4m/s
Design life 25Years

6.2.5 VS6.2 RESULTS

The results of VS6.2 are presented in this section, covering first overall comments, then module-
specific comments insubsequent subsections.

Through a number of factors, Orbital has been unable to execute a validation program as originally
intended. Once the suite of tools was delivered in mid-July, a limit on personnel availability meant
that testing could only commence from mid-August. In this time, good progress has been made.
Initially, the main progress was mainly with installation issues and attempts at debugging, but once
completed, thetools could be runto alesser extent than hoped. At the time of report writing, Orbital
has yet to fully run through the full set oftools due to a variety of bugs stillto be solved. But there are
still plans to continue testing the tools going forward and feedback as much as possible to continue
developingthetools.

Consideringthe current development state ofthe tools, Orbital are unlikely to use the DTOceanPlus
results inisolationto make designdecisions. Itis more likely that the results generated from the tools
will be compared with results from Orbitals own in-house work, which has been validated to a high
degree of confidence through many years of development. It is hoped that further feedback canstill
be passed onto the module developers beyond the project end to continue the progression of the
development ofthe tools.
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6.2.5.1 MAIN MODULE

The main module is the first stop for using the tools. This has clear advantages as all tools can be
organised and accessed from here. The dashboard gives easy access to the documentation which is
vitalas hold some very important information and instructionfor usingthe tools. This is anincredibly
useful addition.

The projects tab is where all projects are defined. It is very clear how to create a new project and then
open and edit. The workflow throughthe study is very clear and easily stepped; as mentioned, there
were some issues with the integrated module, particularly with the SK module, which derailed
attempts to further work. The option to “fork this study” is a very useful addition and gives a great
scope to be able to adjust inputs and compare different scenarios easily without the need to run the
whole study againin adifferent project.

6.2.5.2 CATALOGUES

The catalogues allow youto browse all preloaded inputs that are available; this was incredibly useful
when carrying out preliminary testing of the tools to familiarise with the operations. It enables you to
check the values of the components or inputs selected, therefore meaning you can compare to the
real values required. Although not tested, it also allows the possibility of adding a new item to the
catalogue had it not beenincluded originally.

6.2.5.3 SITE CHARACTERISATION

Due to previously mentioned issues, Orbital was unable to input and validate the data for EMEC berth
5. Therefore, Raz Blanchard was used instead. This was deemed a suitable proxyfor EMEC berths for
the validation cases. To achieve this complexity level 2 was selected with wave level medium and
current level high, as shownin Figure 6.15.

Databases €@

Wave level Medium Current level
of energy : R of energy :

Bathymetry @

Is a uniform
depth required :

FIGURE 6.125 SELECTION OF EXAMPLE SITE FORVS6.2

Figure 6.16 shows a snapshot of the results provided. As mentioned above, the site is a suitable proxy
for EMECberths, the maximum current speed is around 40-50% lower than what we could expect at
EMEC, so this willneed to be considered whenworking through the validation cases.
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FIGURE 6.126 EXAMPLE RESULTS SITEUSED FORVS6.2

The plot shownin Figure 6.17 is Orbitals preferred graphical option for displayingtidal resources; itis
agood optionto have alongwith the EJPD plot.
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FIGURE 6.127PLOT SHOWING TIDALRESOURCE
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Thetoolisvery easy to use, and the results areverywell presented and easy tounderstand. The maps
are very clear and informative; currently, there is only an option to export to PDF; it would be
advantageous ifthese results could be exported in the UTM coordinate system or DWG/DXF files to
import into software such as draftsight.

6.2.5.4 MACHINE CHARACTERISATION

It was easy to input the data with a simple format and workflow through to complete the tool. It would
benefit from more descriptive definitions for the inputs and how important they are to the calculation,
particularly in the dimensions tab. Some betterfeedback, possibly with floating bubbles, would be a
great addition.

It is a bit of a hindrance that once you lock the definition, it is unable to be edited; | realise the
reasoning for this feature, but it can be an annoyance if you have made one little errorinthe input of
dataand only notice once locked.

6.2.5.5 ENERGY CAPTURE

As with the other tools, the workflow for inputting the data is very simple and straightforward.
Working in integrated mode is fantastic as the tools automatically load in the data from the SC and
MC tools. The layout tab offers good options to manually input the positions that give good instant
feedback with a very good graphical representation or ask the tool to optimise the layout. Again
slightly better feedback on some of the options for optimising input values would be beneficial.
Sometimes when calculating the results, the visual percentage indicator on the top bar progresses
quickly to 100%. However, the calculating results wheel at the bottom continues as if hanging, some
slightly more informative feedback on calculation progress would be better to offer assurance that
there is no issue with the calculation or hanging.

The AEP values are within the range we would expect considering the SC data. The probability of
occurrence plotis somewhat confusingand notimmediately informative of what it is showing.

6.2.5.6 ENERGY TRANSFORMATION

This is the first toolthat Ithought the workflow could do with a little bit ofa clearer definition; it does
not have the same progressionstyled bar alongthe top. Itis good that the SC, MCand ECresults are
automatically input, although this is not immediately obvious. To indicate that the data has been
successfully loaded in an informationboxappears in the top right portion of the screen. A button as
in the ECtoolto fetch data from the previous toolsmight be more beneficial.

The inputs for the energy transformation could do with a little more description to makes sure that
values being input are what is required. The workflow down through the table/list of inputs is fairly
straightforward and simple to follow.

We had a bit of difficulty validating the module compared to the results expected for the Orbital O2
device. The losses reported from captured energy to mechanical energy to electrical then to the grid
are magnitudes higher than expected and found in the real O2, was unable to find any reasoning for
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this or alter inputs to vary this. Users wonders if this might be due to errors included from previous
models or depending onthe complexity level being run. Orbital will continue to test and validate the
toolbeyond the scope of the project.

6.2.5.7 ENERGY DELIVERY

The Energy deliver toolagain has a simple workflow that is simple to follow; if it could have a similar
workflow to previous tools with a progression bar along the top to make it a little more standard
throughout the tools, it would be beneficial. But as is, it still works well. Inputting is very simple and
easy to understand what the requirements are with little ambiguity as to what could be input.

Considering the inputs, the results seem sensible. The costs are not particularly in line with what
would be expected, but this could easily be rectified by manually altering catalogue values.

Further validation work willagain be carried out beyond the scope ofthe project.

6.2.5.8 STATION KEEPING

As alluded to above, there have been serious issues in attempting to get run and validated. There
seemed to be anerrorwiththe SK tool not loading results correctly from the previoustools. The layout
and workflow of the tool are similar to the previous one in that it has good flow and is easy to use.
Beyond that, Orbital are unable to comment onthe toolas we were unable to get results.

6.2.5.9 LOGISTICS AND MARINE OPERATIONS

Due to issues with the SK tool, Orbital could notcarry out any validation workwiththe LMO tool. This
was unfortunate as it was one of the tools that carried a lot of interest. Without running the tool, the
UEDIN were able to facilitate a comprehensive walk-through of the tool with the developer that was
highly invaluable and gave a fantastic insight into the tool's use and capabilities, which looked
fantastic.

The workflow through the tool looked simple and easyto followas with previous tools. A few pointers
takenfrom the walkthrough were as follows:

> Ability to specify if divers or ROV’s are required for operations as Orbital donot use these inevery
operation.

» Currently, cable decommissioningis notincluded, whichshould be
Different options for in installation of cable as Orbital does not bury the cable, it is just free sitting
onthe seabed

» Ability to specify mobilisation and de-mobilisation daysas with usinglocal workboats in Orkney is
normally very short. The standard values in the tool made the operation times for installation or
machine removal considerably longer than predicted.

» The costofvessels and operations seemedto be a magnitude higher than expected; this is due to
Orbital's strategy to minimise the cost of Tidal Energy by usinglow cost vessels

» Functionality to specify operatingin certain tidal conditions would be highly beneficial; the nature
of tidalwork means that work is only really able to be carried out in neap tides. So a functionality
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to be able to include this would make any generated schedule considerably more realistic and more
useful.
» The ability to alter or add new vessels to the catalogue might allow reducing these costs

Orbital will again continue to validate this tool out with the project. We feel that this tool is a standout
tool ofthe suite that could be invaluable when planning operations and costing operations.

6.3 VS6.3 SABELLA

6.3.1 V56.3 DESIGN OBJECTIVES

The Design Objective of VS6.3is to carry out a third party 'validation'of new array projects at various
sites and assess how their deviceftechnology works inanarray compared against anindividual device
& provide evidence for marketing/investment.

6.3.2 VS6.3 USE CASES AND USERSTORY

The flow of data to the Deployment and Assessment tools can be seenin Figure below.
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FIGURE 6.28 MAIN FLOW OF INFORMATION BETWEEN MODULESIN VS5.2.

6.3.3 VS6.3 DTOCEANPLUS TOOLS SELECTION

For VS6.3, the Main Module (MM), Deployment Design tools (SC, MC, EC, ET, ED, SK, LMO),
Assessment design tools (SPEY, RAMS, SLC, ESA) and catalogues (CM) were tested, as shown in
Table 6.4. Note that although it was not possible to test the Logistics and Marine Operations tool at
complexity 3, the functionalities were demonstrated and discussed ona call with WavEC and the three
tidaldevelopers.
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TABLE 6.4 DEPLOYMENT & ASSESSMENT TOOLS AND COMPLEXITY LEVELS TESTEDINVS6.3
Module/tool Complexity 1 Complexity2  Complexity 3
Site Characterisation (SC)
Machine Characterisation (MC)
Energy Capture (EC)
Energy Transformation (ET)
Energy Delivery (ED)
Station Keeping (5K)
Logistics and Marine Operations (LMO) v
System Performance and Energy Yield v
(SPEY)
System Lifecycle Costs (SLC) v
Environmental and Social Acceptance Unable torun ESAat
(ESA) complexity 1
Reliability, Availability, Maintenance, | Unable to runany of RAMS
Survivability (RAMS) toolsat complexity 1

ANIRNERNERNERNIRN

6.3.4 VS6.3INPUT DATADESCRIPTION

This forward-looking project includes fifty 2 MW D22-2000 SABELLA turbines, with five collection
points and a substation. The farm is located in the Fromveur straight in Brittany (France); see Figure
6.19. This site has been partly defined with SABELLA data, using five years timeseries forthe velocity
field and water height in the lease area. The bathymetry, seabed type, roughness length, and
endangered species were defined using the catalogue data provided with the software.

The turbine is a three-bladed, 22m diameter rotor, driving a PMSG through a direct-drive
transmission, seeFigure 6.19 SABELLA D22-2000 TIDAL TURBINE. The nacelle is held by a gravity-
based metallicsupport structure.

FIGURE 6.19 SABELLA D22-2000 TIDAL TURBINE
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The layout of devices in the Fromveur straight and locations of the collection points (purple circles)
and the substation (brownsquare)is illustratedin Figure 6.20 SABELLA vs6.3 project inthe Fromveur

straight in Brittany (France)

Ovessant *
55 —Lamparid

FIGURE6.20 SABELLAVS6.3 PROJECT INTHE FROMVEUR STRAIGHT IN BRITTANY (FRANCE)

In the reference case study developed by SABELLA, the substation and the export cable from the
substationto the array landing point and onshore infrastructures are out of the scope of SABELLA.

An advanced corrective and preventive maintenance plan for this project has been defined by
SABELLA.

6.3.5 VS6.3RESULTS

The results of VS6.3 are presented in this section, covering first overall comments, then module-
specific comments in subsequent subsections. For confidentialityissues, some key metricshave been
selected, compared to the reference case study values, and expressed under a relative difference
form, along with explanatory comments.

The followingformula is used to calculate the relative difference:

Valueproceanpius — Valuesaprria

Relative Difference (%) = Value
SABELLA
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A negative value thus means that the value calculated by DTOceanPlus is inferior to the reference
value from SABELLA.

SABELLA could successfully use DTOceanPlus to model this forward-looking scenario at full
complexity, except for the Logistics and Maintenance Operations module, which had to be run at
complexity 1, and RAMS and Environmental and Social Acceptance modules, which we were unable
to use due to technical issues.

6.3.5.1 MAIN MODULE

The Main Module was convenient to use, as it allows the user to quickly understand the different
possible paths he can go throughto achieve the specific goals he needs to fulfil.

We did not check the functionality for the use of studies and entities in comparing the advantagesand
limitations of various design alternatives. The way studies and entities are created is convenient,
except when issues happen withthe database, implyingissues to create or delete entities, or conflicts
between entities numbering sometimes occurring.

6.3.5.2 CATALOGUES

SABELLA views the use of Catalogues as an interesting feature of DTOceanPlus. The libraries are
populated witha large amount of data, which will prove very useful for technology developers willing
to quickly define a new project, starting from limited information. SABELLA has been mainly using
LMO catalogues for VS5.2and VS6.3.

However, for some ofthe modules, documentationis currently insufficient to the user to enable him
to efficiently use catalogues: parameters and their future use indesigntools are opaque, formulasare
notreally helpful (e.g.inthe ET module, atoolcould be created so that users provide their data, and
requested parameters are calculated unambiguously). Reference to specific sections in the
documentation should be made as much as possible.

The formatting of input is sometimes difficult to understand, e.g., the control item for the Energy
Transformation module. The format of the Reliability-related inputs necessary to define a PMSG
generator was unclear, so we had to use default values. This may have skewed subsequent
calculations of Reliability in the Energy Transformationand RAMS modules.

6.3.5.3 SITE CHARACTERISATION

The Fromveur Straight was partially defined using SABELLA proprietary data, formatted to match
the Site Characterizationmodule requirements. The Site Characterization module was relatively easy
to use, and the database already included makes it convenientto modela new site for which datais
not available to the user (bathymetry, seabed type and roughness and endangered species).

The Array Landing Point is located near Trezienin France mainland, see Figure 6.21.
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FIGURE6.21 SABELLAVS6.3 LEASE (GREY) AND CORRIDOR (RED) AREAS IN THE FROMVEUR
STRAIGHTIN BRITTANY (FRANCE)

We experienced some issues with the definition of coordinates for the lease and corridorareas. Thus,
we recommend that the coordinate systemto use, here UTM 30, be explicitly described to the user.

We would have appreciated being able to define current and waves timeseries separately and being
provided default timeseries for current and waves if one is not available to the user. Actually, for
waves, we had to provide random values created following a particular distribution because we did
not have the same timesteps for current and waves datasets and had no possibility to create the
requested file inthe little time we had. Splitting current and waves and allowing for two different time
steps would be aneasy way to give the user more flexibility.

Another major issue we faced was related to the definition of flow speed timeseries. Flow speed
timeseries are usually defined at hub height or depth-averaged along the water column. When
defining time series for the velocity field, the user should be allowed to specify either a hub height
velocity field or a depth-averaged velocity field. Inthis last option, he should be allowed to specify a
current profile (type and parameters) and be made aware of the subsequent processing his data will
go through for the specific definition he used.

6.3.5.4 MACHINE CHARACTERISATION

The MCmoduleis easy to use, steps are clearly identified, and as for VS5.2, we were able to create a
new device with characteristics matching the targeted values.

However, allowing the user to define the operation strategy of the device in the Machine
Characterization module seems really important for conventional tidal turbines developers. Addinga
flow velocity vs rotational speed table to the Cp/Ct definition section would remove any ambiguity in
the way the Energy Transformation module setsthe rotational speedfor each site condition.

In addition, some datarequested by the module were tediousto estimate, as they seem to be WEC-
related (dry and wet area/frontal area, draft), and no explanation was available to understand how
these data would be used.
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6.3.5.5 ENERGY CAPTURE

Forthe captured energy yield, results were found to be 15% inferior to estimation from the reference
case study, withlarge variability between devices, see Figure 6.22.
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FIGURE 6.22 SABELLAVS6.3 ANNUALENERGY PRODUCTION

This has emphasized the need for a powerful optimization tool to maximise energy yield at a particular
tidal site fora givennumber ofdevices.

For this reason, though it was not the initial objective for VS6.3, SABELLA used the optimization
feature in the Energy Capture module. Using both the Monte Carlo and the CMA-ES optimization
models, varying the optimization threshold and the “Array Type” parameters, multiple alternative
layouts have been generated. Some showed large drops (four times inferior) in energy yields
compared to the initial layout when the best layouts werestill 30% lower than the layout proposed by
SABELLA. Some more help in the GUl on how to adjust parametersto set optimization parameters
and achieve the best energy yield properly would be interesting. Aninteresting feature would be that
the proposed optimized layout could be further improved with contribution fromthe Energy Delivery
and Logistics and Maintenance Operations modules to searchfor atechno-economic optimum.

The user should be able to check that the dataprocessinghas beendone sofar to calculate the energy
yield that matches their expectations. He should be allowed to check the information and statistics
relative to velocity for all the devices. Thus, he ensures that what was specified in the Site
Characterizationmodule is correctly defined.
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6.3.5.6 ENERGY TRANSFORMATION

SABELLA was able to run the Energy Transformation module at complexity 3. Except for the
definition ofthe control strategy of the turbine, which has been extensively discussed with the module
developers and for which propositions were made inthe Validation Task Evaluation Form, SABELLA
was able to properly modelthe technology.

In Table 6.5, a comparison between the reference case study established by SABELLA and results
obtained withthe Energy Transformationmodule is provided:

TABLE 6.5 EVALUATION OF RESULTS FROMENERGY TRANSFORMATIONINVS6.3

Relative Comments
Output category difference (%)

Design - Weight of 72
the components
Design - Bill of Grid conditioning -91 Costsunderestimated by the Energy
Materials cost Transformation module by afactor of 11
Drivetrain cost - No model for direct-drive transmission; thus,
the cost forthe drivetrain was null.
Generator cost o) Values forthe PMSG were entered viathe
catalogue, thus matching the real cost
Assessment - Captured Energy -15
Energy Mechanical -16 There should be nodifference between
Energy captured and mechanical energy, as no loss due
to frictionis accounted for
Electrical Energy -29 This large differenceis partly explained by the
poor modelling of the turbine operationby the
Energy Transformation module. Suggestions to
add a ‘velocity vs omega’ table to the Cp/Ct
definition section in MC would significantly
improve control definitionin DTOceanPlus.
Anotherexplanation isthe complexity to
represent generator characteristics with the ET
module.
Grid Conditioned -28
Energy
Additional Captured Energy 0.50
calculations from = toMechanical
SABELLA Energy efficiency
Mechanical -16 This difference is partly explained by the poor
Energyto modelling of the turbine operation by the Energy
Electrical Energy Transformation module. Suggestions to add a
efficiency ‘velocity vs omega’ table to the Cp/Ct definition

section in MC would significantly improve
control definition in DTOceanPlus. Another
explanation is the complexity to represent
generator characteristics withthe ET module.
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Relative
. Comments
Output category difference (%)

Electrical Energy 0.55
to Grid

Conditioned

Energy efficiency

Assessment - Cost of the -53 Global costs estimate forthe components

Economics components considered isunderestimated by afactor 2 by
the Energy Transformationmodule. Thisis
partly explained by the drivetrain cost being
null.

The steps to define the technology in the Energy Transformation module were clearly defined.
However, figures in the GUI to help the user define a particular technology would be appreciated,
describing the scope of the mechanical conversion, electrical conversion and grid conversion. There
should be no ambiguity in the characteristics requested by the user.

The major limitation of the D&A modules is the definition of the control strategy. The “Control” panel
functionality is far from what tidal turbine developers would expect. It is not clear what is done via
these parameters, evenin the documentation. What could be done for turbine control would be
defining operational parameters such as rotational speed against flow speed inMCand removing the
“Control” panel from ET.

6.3.5.7 ENERGY DELIVERY

The Energy Delivery module has run at complexity 3. The main issue faced by SABELLA was that the
user could not model his own Bill Of Plant, set the number and locations of collection points, as only
an optimization mode is implemented. The Bill Of Plant designed by the Energy Delivery module is
presented in Figure 6.23.

l_'r———-__________-__-_

Nue e
e

FIGURE 6.23 OUTPUT OF ENERGY DELIVERY FOR ARRAY INVS6.3

In Table 6.6, a comparison between the reference case study established by SABELLA and results
obtained withthe Energy Delivery module is provided.

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 61 |76




D7.8 DTOcean+

Demonstration Results of Integrated Design Tools for Tidal Energy

TABLE 6.6 EVALUATION OF RESULTS FROM ENERGY DELIVERY INVS6.3

Relative Comments
Output category difference (%)

This large difference results from
-32 calculations led in the Energy Capture
and Energy Transformation modules
The energyyield is largerin the real case
study than calculated by DTOceanPlus.
Because the Energy Delivery module
Annuallosses 316 calculates a lower efficiency, losses are
more than four times higher in the
EnergyDelivery module than in the

Annualenergy
yield

reference case study
Annual efficiency -4.9
Transmission Totallength of 14
network design export cable
Array network 35 Models are giving close estimates of costs

costs relatedto arraycables
In the reference case study, five

BOM Summary Collection point collection points were used, which did
P 146 not include the substationand the export
costs ]
cable from the substationto the shore.
Thus, comparisons are not relevant
Static cables Installation cost 121 The_ cost proxy is twice the value
(proxy) estimated by SABELLA

The lease area and the corridor area cannot accommodate complex geometries, and the lease and
corridor are modified by the Energy Delivery module. Because ofthis, in VS6.3, the cable route goes
through locations that are out of the area SABELLA is allowed to use.

6.3.5.8 STATION KEEPING
The order of magnitude for bothloads and stability-related results seems correct.

6.3.5.9 LOGISTICS AND MARINE OPERATIONS

Due to technical issues which made itimpossible to runthe Logistics and Maintenance Operations at
medium or full complexities, SABELLA had to use the LMO module at the lowest complexity level.

In Table 6.7, a comparisonbetweenthe real case study established by SABELLA and results obtained
with the Logistics and Maintenance Operations module is provided:
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TABLE 6.7 EVALUATION OF RESULTS FROM LOGISTICS AND MAINTENANCE OPERATIONSIN VS 6.3

Relative ————
Output category difference (%)

Foundation - 6 Duration of the installation for foundations is

Totalduration N 1.6 times higher than planned by SABELLA.
Foundation - 176 Costs are 3times higher than estimated by
Total costs 7 SABELLA

Duration of the installation for collection
points is 2 times higher than planned by
SABELLA. A comparisonto SABELLA case
91 study is complicated because there are three
additional collection points, but no
substation (out of scope) inthe reference

Collection point -
Totalduration

Installation
solution . . case study T
Collection point - 13 Total costs are inferior to costs calculated by
Total costs the LMO module
Cable - Total 8 Duration ofthe installationfor cablesis 5.5
duration times less than planned by SABELLA.
Cable - Total 8 Duration of the installationfor cablesis 9.2
costs 9 times less than planned by SABELLA.
Device - Total Durationis 65% less than estimated by
duration 39 SABELLA
Device - Total Costs are 3.8 less high than estimated by
costs 7k SABELLA
Thereis only a 25% higher durationfor the
whole installation, though operations taken
- Totalduration -20 separately candiffer significantly between
AL results from LMO and the reference case
SABELLA
. study
calculations _
related to As the scopes areld ifferent for the two case
Installation studies, this metric seems useful, as it may
Total costs -20 explain differencesin CAPEX from the SLC
module. Costs are higher in the reference
case study from SABELLA
Costs for Maintenance are underestimated
by afactor of 6 in the LMO module. This is
partly due to the absence of corrective
Inspection total 8, maintenance and the absence of spare parts
costs replacement costs. Onthe other side, the
preventive maintenance operations as
Maintenance considered by SABELLA did notinclude as
solution many cable inspection operations
Inspection total 1386 There are 40 times less preventive

maintenance operations inthe reference
case study. This is due to the default
Number of preventive maintenance operationinLMO
operations 3759 occurringon ayearly basis, whichis not an
option considered by SABELLA

duration

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 63 |76




D7.8 DTOcean+

Demonstration Results of Integrated Design Tools for Tidal Energy

For the Decommissioning phase, the scopes between the results from the LMO module and the
reference case study were too different to allow for a straightforward comparison.

We think it is important to have more flexibility in the definition of operations. For example, it would
be interesting that the user could set the terminal, the vessel and the sequence of operations in
needed. Inthe preventive maintenance plan developed by SABELLA, turbines are removed from site
to beinspected atthe maintenance site (in Brest) in a maintenance cycle. In a maintenance cycle, as
defined by SABELLA, turbines that have been maintained are reinstalled in the same operation (the
vesselstays onthe site); the following turbines to maintain are removed to lower marine operations
costs. This would be interesting to be able to implement this in DTOceanPlus. An independent tool
could be created to define specific operations, under the form ofa questionnaire suchas “should the
nacelle only, or the nacelle and support structure be removed?” or “will the operation be led offshore
oronshore ?”, from which a new operation would be created in the catalogue.

For this SABELLA project in the Fromveur straight, the cable cannot be left on site after the end of
the project. For this reason, it would be interesting to have a decommissioning operation for the
cables added infuturereleases.

In addition, we found that the results section lacks details. It would be beneficial for the user to be
ableto delveinto the detailsif needed, as it is hard tounderstand what is included in the Total duration
and costs, and what is displayed inthe GANTT chart, without exploring the results jsonfile.

We did not try to use the catalogues (maybe a warning in the LMO GUI that every operation can be
adapted to user needs via catalogues would be useful). Documentation to use the catalogues from
LMO should be made as user-friendly (parameters names, GUI in the catalogue, references to a
section ofthe documentationto helpthe user...)as possible.

SABELLA did not have enough time to explore all the possibilities provided by the definition of
operations in the Catalogue within the project timeline. However, we found the LMO module really
attractive, so we plan to further use its capabilities, spending more resources on the definition of
operations closer to our needs, thanks to the Catalogue.

6.3.5.10 SYSTEM PERFORMANCE AND ENERGY YIELD (SPEY)

The System Lifetime Costs module was run, and a comparison between the reference case study and
results from SLCwas made for somekey metrics (see Table 6.8). Calculationsrelated to ACE have not
beendone, as this metricis not used in the tidal industry.
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TABLE 6.8 EVALUATION OF RESULTS FROM SPEY INVS6.3

Relative RT———
Output category difference (%)

Relative
. Array
LTI Transformed 66
Efficiency
Relative
Array
Delivered 4.8
Efficiency
This large difference is partly explained by the poor
modelling of the turbine operation by the Energy
F— Transformation module. Suggestions to add a
Energy o L. ‘velocity vs omega’ table to the Cp/Ct definition
. Lifetime -35 L o .

Production Gross Energy section in MC would significantly improve control
definition in DTOceanPlus. Another explanation is
the  complexity to represent generator
characteristics withthe ET module.

If this corresponds to the loss of energy due to
downtime, LMO underestimates this value by a
Array factor of 17 when compared to the reference case
Lifetime Lost -94 study. This is explained by preventive or corrective
Energy maintenance operations as modelled by LMO not
involving turbines removal from the site for
maintenance.
Array
Lifetime Net -30
Energy

6.3.5.11 SYSTEM LIFETIME COSTS (SLC)

The System Lifetime Costs module was run, and a comparison between the reference case study and
results from SLCwas made for somekey metrics (see Table 6.9). Calculationsrelated to ACE have not
beendone, as this metricis not used in the tidalindustry.
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TABLE 6.9 EVALUATION OF RESULTS FROM SLCIN VS6.3

Relative
Output category difference (%

LCOE 14

CAPEX -12

Economic Cost equipment -11
Metrics

Costinstallation -30

Total OPEX -84

Payback period -24

Financial Internal Rate of Return 63
Metrics

NPV -1739

)

The user provides the cost of the
devices

The user provides the cost of the
devices

Total OPEX costs are underestimated
by 43% by LMO

Total OPEX costs are underestimated
by afactor of 6 by LMO

Financial metrics are significantly
worst than estimated by SABELLA
due to the 54% difference in energy
production

A more detailed breakdown would be appreciated to display economic and financial assessment
results (e.g. a year per year cashflow diagram). We noticed that costsrelated to the decommissioning

phase do not appear in the bill of materials.

6.3.5.12 SYSTEM RELIABILITY, AVAILABILITY, MAINTAINABILITY, SURVIVABILITY (RAMS)

Due to issues we encountered ineach RAMS module and lack of time to solve these issues, it has not
beenpossible to use the RAMS Assessment Tool within the project timeline.

6.3.5.13 ENVIRONMENTAL AND SOCIAL ACCEPTANCE (ESA)

Due to issues with the ESA modules (Device Info and Electrical Info GUI empty), and lack of time to

solve these issues, it has not been possible to use the ESA Assessment Tool within the project
timeline.
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7- SUMMARY OF DEMONSTRATIONACTIVITY OUTCOMES

This chapter summarises the results of the demonstration activities, firstly with a quantitative
assessment ofthe overall suite oftools, then collated feedback onthe Structured Innovation, Stage
Gate, and Deployment Design tools in the following sections.

7.1 QUANTITATIVE ASSESSMENT OF THE DTOCEANPLUS SUITE OF
TOOLS

Quantitative results for the overall suite of tools fromthe software evaluation completed by the three
tidal developers are collated in this section. The breakdown of cumulative scores for the areas of
integration, operation, and installation is shown in Figure 7.1. This is then further broken down, with
results from the questions on installation (Table 7.1) shown in Figure 7.2. Results from the questions
operation (Table 7.2) are shownin Figure 7.3, and results from the questions inintegration (Table 7.3)
are shownin Figure 7.4.

Overall, the results are largely positive, with the exception of installation.
% of scores
o% 20% £0% 60% 80% 100%
Installation
Operation

Integration i

1-Strongly disagree 2-Disagree 3-Undecided 4-Agree W 5-Strongly Agree

FIGURE 7.2 CUMULATIVE RESULTS OF SOFTWARE EVALUATION FORMS ON INSTALLATION,
OPERATION, AND INTEGRATION OF THE WHOLE SUITEOF TOOLS
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As shownin Figure 7.2, the documentation ofthe installation process and prerequisite specifications
were found to be clear; however, the process was not so successful. All partners had issues with the
installation and running the development version of the tools ontheir computers.

TABLE 7.2 SOFTWARE EVALUATION QUESTIONS ON INSTALLATION OF GLOBAL SUITEOFTOOLS
| Statement
5.1. Theinstallation guidelineis clear and easy to complete
5.2. The installation process was completed without errors
5.3. The software can be run frommy local workstationwithoutany issue
5.4. The prerequisite specifications were clear (memory, OS, processor...)

% of scores
o% 33% 67% 100%

STATEMENT ID

B 1-Strongly disagree 2-Disagree 3-Undecided 4-Agree W 5-Strongly Agree

Min
e \oan
- @ Max

53
FIGURE 7.2 RESULTS OF SOFTWARE EVALUATION ON INSTALLATION OF GLOBAL SUITEOF TOOLS
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The operation ofthe global suite of tools was largely positive, as shownin Figure 7.3. The level of detail
and process of inputting and formattingthe data met expectations, as did the guidance on using the
tools. Opinions were split on whether the modular architecture added significant value. Handling the
complexdataflow is possibly another area requiring future improvement.

TABLE 7.2 SOFTWARE EVALUATION QUESTIONS ON OPERATION OF GLOBALSUITEOF TOOLS
5.5. The processof inputting and formattingdatais expected with the level of detail
5.6. The description/guidance is useful for learning how to use the software
5.7. |am satisfied with the overall speed of computation
5.8. The toolmetmy needsintherelevantstage of the project lifecycle
5.9. The modulararchitecture of the software provides me with the freedomto focus on therelevant
design needs

5.10. The tools can handle the complexdata flows efficiently for the relevant stage of the project lifecycle

% of scores
o% 33% 67% 100%

5.5
5.6

57
5.8

STATEMENT ID

5.9

5.10

1-Strongly disagree 2-Disagree 3-Undecided 4-Agree  m5-Strongly Agree

5.10

Min
@ \can

”~
-
L 4 -0 Max
5.8

FIGURE 7.3 RESULTS OF SOFTWARE EVALUATION ON OPERATION OF GLOBAL SUITEOFTOOLS
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While all tidaldevelopers were able to use the toolsin standalone mode, they were not all able to use
them fully integrated, as shownin Figure 7.4. The tools were consideredto be flexible in their use for
different design objectives, givingthe user control of the design experience. However, the data flow
was not considered to be so efficient, particularly for complexdata flows.

TABLE 7.3 SOFTWARE EVALUATION QUESTIONS ON INTEGRATION OF GLOBAL SUITE OFTOOLS
6.1. | wasable touse the toolsin Standalone mode
6.2. | wasable touse the toolsin Integrated mode
6.3. Thetoolsare flexible touse for different design objectives and iteration cycles.
6.4. Dataflowisefficient
6.5. The userhas control of the design process
6.6. Thetoolscan handlethe complexdata flows efficiently forthe relevant stage of the project lifecycle

% of scores
o% 33% 67% 100%

6.1 |

6.3

6.4

STATEMENT ID

6.5

6.6

1-Strongly disagree 2-Disagree 3-Undecided 4-Agree M 5-Strongly Agree

6.6 6.2
6.5 6.3
Min
@ \can
- 0= Max

6.4
FIGURE 7.4 RESULTS OF SOFTWARE EVALUATION ONINTEGRATION OF GLOBAL SUITEOFTOOLS
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7.2 STRUCTURED INNOVATION TOOL VALIDATION STATEMENT

The Sltool has provento be a powerful and useful option, that could with further development, have
the potential to add significant value to marine renewable energy projects. The tool has two very
distinct and useful modules. The QFD/TRIZ module does a brilliant job of collating a wide range of
data and presenting it in an easy, structured and simple to understand format. The FMEA module
brings a fantastic structure and workflow to what canbe a tedious and fragmented process.

A major plus for the Sl toolis the varying levels of complexity that it canbe run at. The input data can
be of low resolution enablingthe user to quickly process astudy; this could be beneficial in the early
stages ofidea development whentryingto quickly disregard ideas that are likely to be advantageous
to progress. Theninput data can beinput at a much higher resolution, thenthereafterto carry outa
much more detailed assessment whereby the results are more likely to be adopted in design
decisions.

As with all software, the ability to export any generated results is useful for further post-processing
out with the tool itself. The Sl tool can export results from QFD/TRIZ and FMEA in an Excel format,
which is a real positive for any users wanting to further examine the outputs to ensure those correct
decisions are made.

Despite the fact that the overall experience of the tool was overwhelmingly favourable, there were a
couple of points that could be improved and further developed. There is no clear guidance on the
number of customer and functional requirements typically required for analysis, leading to long and
confusing matrices defining the impacts and correlations between the requirements. Slightly more
descriptive tabs would be a benefit for inputs. Although the majority of the tabs are clear, there are a
few that it is a little ambiguous. The GUI, although clear and easy to follow and work through, could
stilldo with some work, mainly with the presentation of inputs and ensuring that there is nottoo much
information onthe screen, particularly when putting very detailed data.

TRIZ, although obviously, a very powerful tool, is not something that seemingly can be picked up
easily. There seems to be a lot of background knowledge and informationthat is required to get the
most out of the tool. Acomplete worked example inthe documentation could be beneficial for early
users of the tool, particularly for the TRIZ section. The documentation should also provide an
indication of a typical number of requirements defined ina study.

7.3 STAGE GATE TOOL VALIDATION STATEMENT

The Stage tool helps create a clear, consistent assessment between different stakeholders of what is
expected at eachstage of technology development. The stage gate framework enables developersto
assess and demonstrate their progress to assessors (including investors), enabling a key marker
indicating how far a company is in its development. A real area of strength within the toolis the
improvement areasfeature. It is extremely helpful for early-stage technologies in particular as it helps
guide the userinthe areasitis more important to focus their R&D effort on. The ability to run the tool
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in integrated mode enables the users to create or select innovative concepts based on these
improvement areasfor the design.

One area of weakness within the current tool is that the user must define the threshold metrics for
themselves. This means that there isno barset for performance in each area of the evaluation. Ideally,
there should be a threshold for each stage gate to create a more standardised and consistent
assessment. Unfortunately, this information does not as yet exist within the ocean energy sector.

7.4 DEPLOYMENT DESIGN TOOLS VALIDATION STATEMENT

Overall, the tools show promise if further development and testing of the integrated operation can
be performed. Smallamounts of additional functionality, for example, setting specific parameters to
the assumptions made by adeveloper, oraddingiterative designloops including between modules,
could significantly improve the value ofthe tools.

Results from most modules look reasonable, although some discrepancies were noted. While it was
not possible to fully validate these with the industrial partners’ real projects, the tools generally
matched their expectations and engineering judgement. Further use and validation of the tools by all
the tidal developers are expected to continue beyond the DTOceanPlus project.

The Logisticand Marine Operations module, in particular, appears to be a very useful tool. Although
some vessels/operations are based on more expensive offshore wind practices, these can be edited
within the tool catalogues to better reflect low-cost operations used by the tidal developers in their
projects.

However, some of the modules were quite complicated. None of the industrial partners could fully
use their ownsite data within the scope of the demonstration scenarios and had to resort to testing
with one of the included sites. The Energy Transformation module was somewhat opaque inhow the
results were obtained, and these did not match the experience of the tidal developers. This also
applies to the associated catalogues of energy transformation equipment. A more standard load-
efficiency curve might better represent the generator, reducing the complexity of inputs required.

There are also a number of points to beimproved, principally GUI refinements in various parts of the
software. Forexample:

» Providinga consistent workflow betweentools.

» Showinglayers of site information (bathymetry, tidal resource, device positions, etc.) onone plot.

» Adding additional contextual help to clarify the specific meaning of parameters, etc. Particularly
for Machine Characterisation, explaining how and where these will be used in the other modules.
Consider diagrammatic representation parameters

» Being clearer aboutthe progress of calculations.

» Being clearerabout coordinate systems used (as some modules use WGS84 and other UTM).

Additionally, it would be useful to add more flexibility in the design assumptions used, for example:

» Being able to specify current and wave resources separately in Site Characterisationand have the
optionto use default values for only waves.
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» Inputting user-defined locations of collection points in Energy Delivery, rather than just
optimisation.
» Selecting the vessels/port terminals used, ordefining custom operations, inthe LMO module.

The ability to export results in other tools, e.g. sitemaps as DWG/DXF files in UTM coordinates, would
be useful forsome users.

It was also noticed that some ofthe cost values suggested by default do not match the expectations
ofthe industrial partners, although many ofthese can be adjusted inthe catalogues.
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8. CONCLUSIONS

Overall, the tools show promise if further development and testing of the integrated operation can
be performed, takingthem beyond the TRL6 achieved inthe DTOceanPlus project.

The three industrial partners have beenimpressed with the initial development of the tools; thereis
an incredible scope and potential for further developmentinto a toolthat would benefit the nascent
marine renewable energy industry. One of the greatest strengths of the tools is the linked and
integrated GUI. It makes the progressionand workflow through eachtooleasy and simple to follow.
When operatingin integrated mode, the ability of the tools to ‘talk’ to each other makes sure thereis
good continuity within the project. As detailed below, Nova are already committed to the EnFAIT
project. Orbital and Sabella are also very willing to continue developing and validating the tools
should the opportunity arise.

Further demonstration and validation of the deployment tools will be conducted as part of the
Enabling Future Arrays inTidal (EnFAIT) project? by The University of Edinburgh and Nova Innovation.
The EnFAIT project is based around the world's first in-sea tidal array, which has been in operation
since 2016 and is currently being expanded from 4 to 6 turbines. This is effectively an extension of
VS6.1. Nova Innovation and The University of Edinburgh previously compared the earlier version
DTOcean2 tool outputs with the actual array design choices made. This provided many lessons on the
designof areal-world arrayinto the DTOcean Plus project. Further work to improve the validation of
the new DTOcean Plus deployment tools could therefore be undertakenin EnFAIT.

2 Enabling Future Arrays in Tidal, H2020 Grant Agreement N2 745862, https://www.enfait.eu/
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