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EXECUTIVE SUMMARY

The objective of Task 5.9 was to carry outthe testing of the Deployment Design tools in orderto verify
that it meets all the previously defined requirements (detailed in WP5). This report documents the
outcome of T5.9 " Verification of the Deployment Designtools.”

The goal ofthe verificationtask was to ensure that the tools:

respond correctly to a varied set of inputs,

perform their functions in an acceptable time and reasonable use of the computational resource,
are adequate interms of usability, and

are verified against control data.

v v v Vv

The following actions were completed for all tools as part of the verification and are described in detail
in this report:

Definition of the Verification Cases and evaluation criteria

Organisation oftraining sessions (for technical and industrial partners)
Collectionofdata for each Verification Case

Running the Verification Cases (by technicaland industrial partners)

Analysis ofthe results based on quantitative and qualitative assessments
Creationofa task list of changes that could improve the toolto improve performance

v v v v v Vv

A stable beta version of the available tools is fully documented with a technical manual and a user
manual. The tools will be further validated and demonstrated using real data from the first pilot
experiences in WP7.

Overall, according to the quantitative results, the end-usersinvolved in evaluating the Deployment
Design tools are satisfied with usability, user-friendliness, performance, and value, with generally
high scores for all the modules (in the range of 3-5). There are some exceptions to this, for some
categories and some modules highlighted in this report as animprovement area for the next version.
The qualitative assessment ensured written feedback was gathered, analysed and turned into
guidance for improving the next release of the tools. This guidance identified high priority
improvements for the tools: 10 for Site Characterisation (5C); 112 for Machine Characterisation (MCQ)
7 for Energy Capture (EC); 11 for Energy Transformation (ET); 12 for Energy Delivery (ED); 19 for
Station Keeping (SK); and 20 for Logistics and Marine Operations (LMO). These will be implemented
in the final release of the DTOceanPlus suite of tools.
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DEFINITION OF TERMS
Module/Tool Software that canbe run in standalone mode: alpha versions.
Features The functionality provided by the software tothe user and relates to the

identified requirements from the user consultation exercise captured in WP2.

Softwareroute Eachof the possible trajectoriesto cover all the tool's business logic (e.g.,
new concept/improvement cycle, ...).

Verification Aset of independent input/output data to be provided to the end-user
Scenarios for verification. It comprises of the Design Objective, Verification Cases
and User Stories.

User stories Short, simple descriptions of a feature. A partial design objective (e.g., As a
<type of user>, lwant <some goal> so that <some reason>).

Verification Cases Design variants coveringone trajectoryand endingupin one or multiple
Features/User Stories.

Design Objectives Short descriptions ofarelevant design case for ocean energy, non-
confidential, which has beenaddressed by othertools/ methods, and
applicable to part or allthe Verification Cases.

Evaluation Areas  The areas inwhich the user measures the success of ocean energy technology
to demonstrate progressand performance.

Metrics The parameters used to evaluate how well a technology performs inthe

Evaluation Areas. These are outputs of the Deployment and Assessment tools
and are summarised inthe Metrics sectionbelow.

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 18331




D5.8 DTOcean+

Testing and verification results of the Deployment Design tools — beta
version

1. INTRODUCTION
1.1 SCOPE AND OUTLINE

This report documents the methodology and results of the Deployment Design (DD) tools beta
version verification. The verification tasks described in this report were designed to assess whether
the tools:

respond correctly to a varied set of inputs,

» perform their functions in an acceptable time and with a reasonable use of computational
resource,

» areadequateintermsofusability and

» canbeverified against control data.

Verification is a critical step in software development — it determines whether the software satisfies
the functional requirements and is essential to ensure the development phase is carried out
accurately.

Verification Scenarios (VSs) are a set ofindependent input/output data to be provided to the end-user
for the verification.

To perform the verification of the DD tools, two Verification Scenarios (VSs) were created by using
Reference Models (RM) 1 and 3 from Sandia [1]. For some modules (SC, MC, EC and SK) these
scenarios were strictly followed. For ET module it was considered a single tidal device (following RMg,
for Verification Case 1 (VCa)and atidal array of 10 devices using Sandia’s RM1 (for VC2), plus a single
wave device (followingRM3, for VC3) and a wave array of 10 devices using Sandia’s RM3 (for VC4). In
the case of ED module, data collected for RM1and RM3 have been used where possible and also LMO
module utilised bothdata comingfrom Sandia’s reportsand synthetic ones to set up the verification
scenarios.

Afterreceivingdemonstrationsand interactive trainingon how to use the tool, the technical verifiers
as wellas the industrial verifiers were given accessto an online version of the beta version of DD tools.
They were then asked to run through each of the VS and complete a Software Evaluation Form
designed to perform the verification. Table 1.1 shows the full list of developers, technical and
industrial verifiers for all the DD modules. This report describes:

» the Verification Cases (VCs) and Software Evaluation Forms collecting feedback,

» the demonstrationand trainingsessions that were providedto the verifiers of the tool,

» the results of the verification, including quantitative and qualitative assessmentsofeach VS, and
» anyrecommended changes or additional functionality that would add value to the tools.
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TABLE1.1: DEPLOYMENT DESIGN TOOLS DEVELOPERS, TECHNICALAND INDUSTRIAL VERIFIERS

RleERls Developer Technical verifier Industrial verifiers
BV, EDP,EGP,IDOM,
sc FEM AAU
NOVA, SABELLA
BV, EDP,EGP,NOVA,
mMcC AAU FEM
SABELLA
EC AAU WavEC BV, EDP, EGP, IDOM,
* NOVA, SABELLA
ET Tecnalia UEDIN BV, EDP, EGP, IDOM,
SABELLA
EDP,EGP,IDOM,
ED UEDIN WavEC
SABELLA
: BV, EDP,EGP,IDOM,
SK FEM Tecnalia
NOVA, SABELLA
LMO WavEC AAU BV,EGP,IDOM,
” SABELLA, WES

The remainder of this section provides short summaries of the DTOceanPlus project and of the DD
tools. For further information and background onthe project, the readeris directed towards previous
deliverables, e.g. [2, 3, 4].

Section 2 outlines the methodology adopted for the verification activities, to later review the
Verification Cases (VCs). Then, attention has been paid to the data used to runthe VCs. The training
sessions organised both for the technical and the industrial partners are alsoillustrated inthis section.
Finally, the Evaluation Criteria used to evaluate the tools’ functionalities are presented.

In Section 3 the user flow and experience and the approach ofthe User Stories adopted to go through
the features of the DD tools are explained, and the complete set of VCsisiillustrated.

Section 4 illustrates the assessments resulting from the verification process, divided between
quantitative and qualitative. Alist ofactions to improve the DD tools functionalities, accordingto the
evaluations received, is also present at the end of this section.

In Section 5 the conclusions of the verification process are listed.
Annex|. provides anoverviewofthe user manualthatis being developed alongside the tools.

Annex|l. contains the software evaluation forms used for the verification tasks.

Annexlll. summarises the scores and anonymous comments fromthe verification tasks.
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1.2 SUMMARY OF DTOCEANPLUS

The Deployment Designtools belongto the suite oftools that the DTOceanPlus project is developing
for ocean energy technologies. The tools will support the entire technology innovation and

advancement process from concept, through development, to deployment and will be applicable at
arange oflevels: sub-system, device, and array.

Ata high level, these include:

» Structured Innovation (Sl) tool for concept creation, selection, and design.
> Stage Gate (SG) tool, usingmetrics to measure, assessand guide technology development.
» DeploymentDesign (DD)tools, supporting optimal 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 design electrical and 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 (AD)tools, used by the other toolsto 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 social impacts
ofa given wave and tidal energy projects.

The mainlinkages between DTOceanPlus modules are outlined in Figure 1.1.

Site DEPLOYMENT DESIGN TOOLS
User - -y
inputs Characterisation B Eneny By Station Ig_‘ohgql::i::
e Y Capture | Transformation Delivery Keeping 2
Machine Operations
Characterisation

Array layout and
configurations

Design of
subsystems

Bill of materials

-

.....

: e - :' H Update design with innovation ™y Ul_‘
E : HRCLTITTE PR Voo, =
Design parameters | '|l =| ................. ‘l R a
! S ASSESSMENTTOOLS p— k o
i | Database/ SOV SN STAGE GATE =
i |Catalogues System Reliability, 1 Design = =
e —— payiem Availability, \ metrics <
A Energy Yield Maitanability, \ ! adl
Ik e Y ‘\‘ ’/ ?Assess innovation H
H L A
Environmental and System ‘\‘.‘ STRUCTURED INNOVATION Potential of
e ——— \_ g ential areas
Social Acceptance Lifetime Costs Needs fokr»
innovation

FIGURE 1.2: DTOCEANPLUS MODULES, MAIN LINKAGES AND OUTPUTS
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1.3 DEPLOYMENT DESIGN TOOLS

The Deployment Design tools will provide optimised solutions and layouts for the deployment of
ocean energy technologies and define all the technical design specifications to run the Deployment
Design tools for the evaluation of metrics. [5]

This objective is pursued by delivering key calculations and objective information on optimal array
development.

The mainfunctionalities of the tools are combinedinseven modules:

»

Site Characterisation (SC) gathers metocean, geotechnical and environmental conditions. This
module processes all the site information and elaboratesthe environmental constraints.
Machine Characterisation (MC) post-processes the technical data inherent to the prime mover in
orderto bedirectly usable by the different tools.

Energy Capture (EC) at an array level, assesses and defines optimal solutions for wave and tidal
energy converters. The captured power estimated by the Energy Capture module is used as input
for the Energy Transformation and Energy Delivery modules.

Energy Transformation (ET) focuses on different PTO systems for tidal and wave energy
converters, considering their performance and costs and their impact on reliability, logistics, and
environmentalissues.

Energy Delivery (ED) deals with electrical and grid issues. In particular, the module objective is to
maximise the quality ofthe electrical power delivered to the onshore distribution network.
Station Keeping (SK) supports the design of the mooring and foundation subsystems, defininga
local optimal designsolutionbased onthe cost ofallcomponents.

Logistics and Marine Operation (LMO) deals with installation, operation, maintenance, and
decommissioning, with the aim of minimising the logistic cost in all lifecycle stages, considering
different combinations of ports, vessels and support equipment for a given project.

Each of these modules is able to carry out design and assessment at three different levels of
complexity (1: low, 2: medium and 3: high).
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2. METHODOLOGY
2.1 OVERVIEW

The principal aim of the verification task wasfor the technical and industrial verifiers to evaluate
the functionalities of the DD tools. In order to achieve this, the following actions were
completed:

» Definitionofthe VCsand VSs: this has beenachieved by analysing the key features of the
DD tools and the associated User Stories accounting for levels of complexity, standalone
mode, wave and tidal scenario, array layout and network topologies (see Section 3).

» Collection of data: a collection of input/output control data and project data (from
catalogues and default data) have been defined and collected (see Section 3).

» Organisation of training sessions: training sessions on using tools have been provided to
boththe technical verifiers and the industrial partners (see Section 2).

» Definitionof EvaluationCriteria:a common Software Evaluation Formwas developed and
used in the verification of every DTOceanPlus module. The Software Evaluation Form is
divided into sections assessing the Usability, User-friendliness, Performance and Accuracy
and perceived Value ofthe tool (see Section 2).

After the delivery of the training sessions, the technical and industrial verifiers were provided
with the VSs, reference data and Software Evaluation Form. They then assessed each of the
VCsinturn, testingthe features ofthe software and completing the Software Evaluation Form.
The quantitative and qualitative results from the Software Evaluation Form completed by each
verifying partner were collected, collated and analysed. The results of this analysis are
presented inSection 4.

2.2 DATA DEFINITION

Verification Cases scenarios have beenadaptedinaccordance with available data produced by
the Reference Model Project (RMP) sponsored by the US Department of Energy (DoE) Wind
and Water Power Technologies Program. This project aims to produce on-proprietary
Reference Models (RM) of technology designs as study objects for open-source research and
development programs [6].

The RMs used as part of DTOceanPlus’ verification activities are RM1 and RM3; both power
performance and velocity measurements were collected to assess their interaction with the
surrounding environment. The outputs of the tests have been used as inputs for the modules
developed under DTOceanPlus, as showed in Figure 2.1.
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FIGURE 2.1: FLOW OF REFERENCE CASES/DATE BETWEEN THE TOOLS
2.2.1 RMaTidal turbine

The RM1deviceis a dualvariable-speed variable-pitch axial-flow tidal turbine device. The rated

power for the dual rotor unitis 1.1 MW. The main dimensions of the RM1 device are illustrated
in Figure 2.2.
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FIGURE 2.2: RM1 DEVICE PROFILE AND PLAN VIEWS DIMENSIONS

The mainsource of data for this validation scenario is the publication [7]. The study case in the
paper has been conducted with the aid of the DTOcean software, v2.0*. The resulting cable and
turbine layout are represented in Figure 2.3.

1 Available from: https://github.com/DTOcean/dtocean.qgithub.io/releases/tag/v2.0.0
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FIGURE 2.3: CABLEANDTURBINELAYOUT FOR THE VALIDATION SCENARIO 1

Thetidal energy resource forRMi1 wasdeveloped fromssite information on the Tacoma Narrows
tidal site in Puget Sound. For this study, a tidal location in Europe with similar site
characteristics was considered. The blackline in Figure 2.4 denotes the reference current speed
frequency histogram selected for the reference model (mean ofall sites), with U .,=3 m/s.
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FIGURE 2.4: NON-DIMENSIONAL MID-DEPTH CURRENT SPEED FREQUENCY HISTOGRAMS FOR
PUGETSOUND [1]
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2.2.2 RM3 Wave energy converter

Wave Energy Converters (WECs) are based on Sandia’s Reference Model 3 (RM3). The RM3
deviceis a heaving pointabsorber, alsoreferred to as a wave power buoy. RM3 uses a Hydraulic
PTO whose components are located inside the vertical column. The rated capacity of this unit
is 260 kW, with a conversion efficiency of 80% from mechanical to electrical energy. The overall
designand dimensions of the RM3 device areillustrated in Figure 2.5 [1].

Surface Float

Hydraulic Cylinder

AC Drive

Generator

Reservoir

Return Filter

Hydraulic Motor

Transformer

Accumulator Bank

High Pressure Filter

FIGURE 2.5: RM3 DEVICE DESIGN AND DIMENSIONS

The main source of data for this validation scenario is based on the example that can be
downloaded from DTOcean software, v2.02. The resulting cable and turbine layout are
represented in Figure 2.6.

2 Available from https://github.com/DTOcean/dtocean.qgithub.io/releases/tag/v2.0.0
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FIGURE 2.6: CABLEAND TURBINES LAYOUT FOR THE VALIDATION SCENARIO 2

The reference wave energy resource for RM3 was developed from site information collected

near Eureka in Humboldt County, California [1]. Again, for convenience and this study’s
purposes, a wave location in Europe with similar site characteristics is considered. The mean

reference site wave energy density is 33.5 kW/m.
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FIGURE 2.7: WAVE SCATTER DIAGRAM FOR EUREKA, HUMBOLDT COUNTY, CALIFORNIA

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 27331




D5.8 DTOcean+

Testing and verification results of the Deployment Design tools — beta
version

2.3 DEMONSTRATION AND TRAINING SESSIONS

2.3.1 Training Sessions for the Technical Partners

Before running the first round of VCs, the technical verifiers received detailed training materials
and tutorials. The main form of the training was provided through a set of video conference
calls where a walkthrough of each module’s features was given. The conference calls facilitated
technical discussions betweenthe developers and the technical verifiers.

A set of dedicated deliverables [8] [9] [10] [11] [12] [13] describing all the potential uses of all
Deployment Designtools is also available for consultation. These documents present: use cases
and functionalities for each module, theirimplementation, the businesslogic of the code and a
set of extensive examples to provide the reader withanoverall view of the capabilities of each
module.

2.3.2 Training Sessions for the Industrial Partners

A similar walkthrough of the tools was provided to the industrial partners on a separate video
conference call. The industrial partners were also provided with links to the previous
Deployment Design tools documentationand a list with the VCs.

2.4 EVALUATION CRITERIA

Potential users and other stakeholders (different from the technical and industrial partners)
were consulted to identify and clarify their need, requirements and expectations of the
Deployment Design tools [2].

The outcome of this user group analysis has been used to inform the functional requirements
for the development of the DTOceanPlus tools and subsequently set out the Evaluation
Criteria. Most of the respondents reported that comparing devices, locations, and combined
arrays of different devices and technologies are allimportant features.

The inputs coming from the user-groups consultation and the technical requirements set out
for the Deployment Design tools [5] delineated the Evaluation Criteria used throughout the
Verification activities. These criteria include a numeric (see Table 2.1) and qualitative
assessment for eachtool’s functionalities. Regarding the numeric assessment, a scale ranging
from 1to 5 has been used, where 1 represents the most negative assessment and 5 the most
positive one.

TABLE 2.1: SCORINGSCALE USED IN THE NUMERICASSESSMENT

Score 1 2 3 4 5

Sfcrongly Disagree Undecided Agree Strongly
disagree agree

Description
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A common Software Evaluation Form was developed and used in the verification of every
DTOceanPlus module. The Software Evaluation Form was dividedinto four sections assessing

the :

usability,

user-friendliness,
performance and accuracy and
perceived value ofthe tool.

v v v Vv

The individual Evaluation Criteria included in the Software Evaluation Form are shown in the
evaluationresults in Section 4, categorised under these four headings. When each technical or
industrial verifier completed the Software Evaluation Form, they were required to assign a
score of1— 5 (see Table 2.1) to each of the individual evaluation criteria.

The Evaluation Criteria for the Performance and accuracy section are applied for each feature of
the software.

The Software Evaluation Forms and respective anonymous feedback are included as Annex I
and Il ofthis report.
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3. VERIFICATION CASES
3.1 SITE CHARACTERISATION (SC)

3.1.1 User flow and experience

The main purpose of the Site Characterisation module is to extract the physical characteristics
of a designated site. This module will then provide information to most of the other modules
about:

1. The bathymetry;
2. The type ofsediment and its associate physical characteristics;

3. The probability of the presence of endangered species;
4. Timeseries and statistics of waves, tidal currents, wind speed and water level fluctuations.

The extracted datais based oninput databasesprovided by default orimported bythe user.

In standalone mode, the user first sets up a study, providinga name. They then have to specify
input data which are simply energy levels at complexity level 1 and 2, and databases files at
complexity level 3.

In integrated mode, using the module does not change as it is upstream from all the other
modules.

The main outputs are databases, extraction features and computed statistics based on these
extractions.

3.1.2 User Stories

There are two main user stories for the SC module, corresponding to the simple and full
functionalities, which can be expressed as follows:

1. Simple mode:
a. As a project or device developer, | would like to get a quick estimation of the
meteocean conditions of the site by only knowing basic information.

2. Fulldesign mode:
a. As a project developer, | would like to estimate metocean conditions on my study
site using my owndatabases.

3.1.3 Definition of the Verification Cases

Four functionalities can be identified in order to assess the performance and accuracy of this
module:

» Extraction of 1D metocean parameters from DTOcean+ database (Complexity level

1),
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» Extraction of 2D metocean parameters from DTOcean+ database (Complexity level
2),

» Extraction of 1D or 2D metocean parameters from user inputs (Complexity level 3),
Statistics computation onthe extracted parameters.

Eight Verification Cases (VC) have beendefined inorder to check these four functionalities, for
Wave and Tidal (see Table 3.1). The eight VCs can be grouped into two independent
Verification Scenarios:

» ATidaldevice using Sandia’s Reference Model1(RM1),
» AWavedevice using Sandia’s Reference Model 3(RM3).

TABLE 3.1: FEATURES AND TOTAL NUMBEROF VERIFICATION CASES FORSC

Dimensions
Levels of of Other Other Total Business

Feature . - - . . .
complexity timeseries option1 option2 cases logic

Extract DTOcean+
1D-dataand 1 1 X X 1 99%
compute statistics

Extract DTOcean+
2D-dataand 2 1 X X 1 90%
compute statistics

Extract userdata
(2D or2D)and 3 2 X X 2 75%
compute statistics

3.1.3.1. Case RM1-SC1
The verificationtest case RM1-SC-1is based onthe Scenario RMz1, with the following user story:

"The user is working within the project described in Scenario RM1. The only information the user
has is that the device RM1 is to be deployed in a site with a water depth of around som and a high
level of tidal current energy. He would like to know the main characteristics of a potential site in

terms of tidal currents.”

This verification test case focuses on the following functionalities of the SCmodule:

» ExtractionofiD metoceanparametersfrom DTOcean+database (Complexity level 1)
P Statistics computationonthe extracted parameters.

3.1.3.2. Case RM1-SC2

The verificationtest case RM1-SC-2is based onthe Scenario RMz, with the following user story:
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"The user is working within the project described in Scenario RM1.The only information the user
has is that the device RM1 is to be deployed in a site with a water depth of around som and a high
level of tidal current energy. They would like to know the main characteristics of a potentialsitein
terms of tidal currents and wants 2D results for future farm of devices optimisation.”

This verification test case focuses on the following functionalities of the SCmodule:

» Extractionof2D metoceanparametersfrom DTOcean+database (Complexity level 2)
P Statistics computation onthe extracted parameters

3.1.3.3. Case RM1-SC3
The verificationtest case RM1-SC-3is based onthe Scenario RM1, with the following user story:

"The useris working within the project described by Scenario RM1. The user knows that the device
RMz is to be deployed in a site with a water depth of around 5om and has metocean timeseries of
this site. They would like to know the main characteristics of a potential site in terms of tidal
currents statistics.”

This verification test case focuses on the following functionalities of the SCmodule:

» ExtractionofiD metoceanparametersfrom userinputs (Complexity level3)
P Statistics computation onthe extracted parameters

3.1.3.4. RM1-SC4

The verificationtest case RM1-SC-4is based on Scenario E2RM1 (Equivalent European scenario
to RMz, within 2D metoceandata), with the following user story:

"The user is working within the project described by Scenario E2RMz1. The user knows that the
device RM1 is to be deployed in a site with a water depth of around s5om and has a 2D metocean
timeseries of this site. They would like to know the main characteristics of a potential sitein terms
of tidal currents statistics.”

This verification test case focuses onthe following functionalities of the SCmodule:

» Extractionof2D metocean parametersfrom userinputs (Complexity level 3)
P Statistics computationonthe extracted parameters

3.1.3.5. RM3-SC1
The verificationtest case RM3-SC-1is based onthe Scenario RM3, with the following user story:

"The user is working within the project described by Scenario RM3. The userdoesn’t know anything
except that the device RM3 is to be deployed in a site with a water depth of around gom and a high
level of wave energy. They would like to know the main characteristics of a potential sitein terms
of waves.”

This verification test case focuses on the following functionalities of the SCmodule:
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» ExtractionofiD metocean parametersfrom DTOcean+database (Complexity level 1)
P Statistics computation onthe extracted parameters

3.1.3.6. RM3-SC2
The verification test case RM3-SC-2 is based on the Scenario RM3, with the following user story:

"The user is working within the project described by Scenario RM3. The userdoesn’t know anything
except that the device RM3 is to be deployed in a site with a water depth of around 9gom and a high
level of wave energy. They would like to know the main characteristics of a potential site in terms
of waves, and he wants 2D results for future farm of devices optimisation.”

This verification test case focuses onthe following functionalities of the SCmodule:

» Extractionof2D metocean parametersfrom DTOcean+database (Complexity level 2)
P Statistics computation onthe extracted parameters

3.1.3.7. RM3-SC3
The verification test case RM3-SC-3is based onthe Scenario RM3, with the following user story:

"The useris working within the project described by Scenario RM3. The user knows that the device
RM3 is to be deployed in a site with a water depth of around 9om and has metocean timeseries of
this site. They would like to know the main characteristics of a potential site in terms of waves
statistics.”

This verification test case focuses onthe following functionalities of the SCmodule:

» ExtractionofiD metoceanparametersfrom userinputs (Complexity level 3)
P Statistics computationonthe extracted parameters

3.1.3.8. RM3-SC4

The verification test case RM3-SC-4 is based on the Scenario E2RM3 (Equivalent European
scenario to RM3, within 2D metoceandata), with the following user story:

"The user is working within the project described by Scenario E2RM3. The user knows that the
device RM3 s to bedeployed in a site with a water depth of around gom, and he has a 2D metocean
timeseries of this site. They would like to know the main characteristics of a potentialsitein terms
of waves statistics.”

This verification test case focuses on the following functionalities of the SCmodule:

» Extractionof2D metocean parametersfrom userinputs (Complexity level 3)
P Statistics computation onthe extracted parameters
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3.1.4 Collection of data required

3.1.4.1. Case RM1-SC1/2 and RM3-SC1/2
The data necessary to runthe verification cases are the following:

TABLE 3.2: ENVIRONMENTAL DATA

Inputs description | Value | Units
Wave level of energy Low/Medium/High None
Current level of energy Low/Medium/High None

RMz1: 50
WaterDepth m
RM3:90

3.1.4.2. Case RM1-SC3/4 and RM3-SC3/4

TABLE3.3: DATABASES*

Inputs description Format

Lease Area Shapefile
Corridor Shapefile

Seabed Type Netcdffile
Roughness Length Netcdffile
Species Netcdffile
Timeseries Netcdffile / Excel File
Bathymetry Constant value/ Netcdffile

*Note that allrequired databases are already available inthe SCmodule and do not need to be
downloaded orcreated. The user only needsto select the correct one amongthe proposed list.
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3.2 MACHINE CHARACTERISATION (MC)

3.2.1 User flow and experience

The Machine Characterisation module and the SC module are particular instances of the design
modules, since they can be considered dynamic catalogues. The mainroles of the MCmodule
are:

» To prepare the machine data to be used in the rest of the design flow modules. On top of
the general data collection role, the MC module can also estimate the hydrodynamic
coefficient for a single wave energy converter.

» To prepare the machine datato be used inthe rest of the design flow.

» To estimate the hydrodynamic coefficients for a single wave energy converter

The machine data collected inthe MCmodule is pertinent to multiple modules, and it is further

divided into three categories:

e General:includes mass, materials, rated power, etc...
e Dimensions: includes overall machine shape, areas and volumes.
e Model:includes machine power performance coefficients.

In standalone mode, the user first sets up a study before entering inputs for the general
dimensions and modelfields.

Only in wave energy converter cases at complexity 3, the user must perform the evaluation of
the hydrodynamic coefficients to finalise the project. Set aside this case, the main outputs of
the module are the input themselves.

3.2.2 User Stories

There are six user stories for the Machine Characterisation module due to the possible
combination of machine types and project complexity levels. Overall, the user stories can be
simplified to a single one, which can be expressed as follows:

1. As a project or device developer, | would like to collect the information about the
machine that can be used inthe design process in the DTOceanPlus toolset.

3.2.3 Definition of the Verification Cases

The verification ofthe MCmodule features is carried out using sixdifferent cases. The definition
ofthe caseis summarisedinTable 3.4.

TABLE 3.4: MC VERIFICATION CASES

|  Feature | wvca | v | ve VCq4 ves | vce

Technology Tidal Tidal Tidal Wave Wave Wave
Complexity level 1 2 3 1 2 3

Machine Name RMa1 RMa1 RMa RM3 RM3 RM3
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3.2.4 Collection of datarequired

3.2.4.1 Tidal Case

The Machine Characterisation module has three levels of complexity; each complexity level's
datarequirements are giveninthe following tables.

TABLE 3.5: RM1 GENERAL INPUTS

. L. . Comple Unit
Inputs description Variable Name i Value s

Connector Type connector_type all “wet"” -
Floating Machine floating all false bool
Rated Capacity rated_capacity all 1100 kw
Constant Power Factor constant_power_factor all 0.0 -
Machine Unit Cost machine_cost all 1.960.000 EUR
Material Name materials.material_name all “undefined” -
Material Quantity materials.material_quantity all 219370 kg
Max Installation Depth max_installation_water_depth all -45 m
Min Installation Depth min_installation_water_depth all -67.5 m
Min Interdistance X . .

) . . . min_interdistance_x all 50.0 m
direction (rotation axis)
Min Interdistance Y
direction o .

. min_interdistance_y all 50.0 m

(perperndicularto
rotation axis)
Target Fundation Type preferred_fundation_type all “pile” -
Rated Voltage rated_voltage all 11.000 \

‘ Inputs description ‘

TABLE 3.6: RM1DIMENSION INPUTS
Complexit

Variable Name y

Beam WetArea beam_wet_area 3 330.0 m?
Rotor Diameter characteristic_dimension all 20.0 m
Draft "draft": 0.0, all 0.0 m
Dry frontal area dry_frontal_area 3 o) m?
Dry profile dry_profile all - -

Footprint Radius footprint_radius all 20 m
Total Height height all 30 m
Hub heigth hub_heigth 3 30.0 m
Total Length length all 3.5 m
Total Mass mass all 219370.0 kg
Submergedvolume submerged_volume all 433.0 m3
Wet Area wet_area all - m?
Wet Frontal Area wet_frontal_area 3 165.0 m?
Wet Profile wet_profile all - -

Total Width width all 3.5 m
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TABLE 3.7: RM1 MODEL COMPLEXITY 1

| Inputs description | Variable Name | Value | Units

Power Coefficient cp 0.37 -
Number of Rotor number_rotor 2 -

TABLE 3.8: RM1 MODEL COMPLEXITY 2

| Inputs description | Variable Name Value | Units

Power Coefficient cp 0.37 -
Trust Coefficient ct 0.43 -
Cut-in Velocity cut_in_velocity 0.5 m/s
Cut-out Velocity cut_out_velocity 3 m/s
Number of Rotor number_rotor 2 -
RotorHorizontal Interdistance

(direction perpendicularto the rotor_interdistance 10 m
rotation axis)

TABLE 3.9: RM1 MODEL COMPLEXITY 3

| Inputs description | Variable Name | value | Units
- See Table
Power Coefficient cp -
3.10
- See Table
Trust Coefficient ct -
3.10
Powerand Trust Curves’ . See Table
, cp_ct_velocity m
Velocity 3.10
Cut-in Velocity cut_in_velocity 0.5 m/s
Cut-out Velocity cut_out_velocity 3 m/s
Number of Rotor number_rotor 2 -
RotorHorizontal Interdistance
(direction perpendicularto the rotor_interdistance 10 m
rotation axis)

TABLE 3.10: RM2CP/CT CURVES*

| Velocity | cp | ct
0.5 0.025 0.024
1 0.621 0.502
1.5 0.558 0.464
2 0.489 0.419
2.5 0.233 0.219
3 0.131 0.127

* only a subset of the data is presented; the full dataset can be found in the verification data
and Figure 3.1
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FIGURE 3.1: CP/CT CURVES

3.2.4.2 Wave (Case

The Machine Characterisation module has three levels of complexity; each complexity level's
datarequirements are giveninthe following tables.

TABLE 3.11: RM3 GENERAL INPUTS

Connector Type connector_type aII “wet"” -
Floating Machine floating all true bool
Rated Capacity rated_capacity all 286.0 kw
Constant Power
constant_power_factor all 1.0 -
Factor
Machine Unit Cost machine_cost all 2.000.000 EUR
Material Name materials.material_name all *undefined” -
Material Quantity materials.material_quantity all 1000000 kg
Max Installation installati ter depth I
max_installation_water_de a -40 m
Depth - - —dept 4
Min Installation o )
min_installation_water_depth all -100 m
Depth
Min Interdistance X
direction (rotation min_interdistance_x all 600 m
axis)
Min Interdistance Y
direction o .
. min_interdistance_y all 600 m
(perperndicularto
rotation axis)
Target Fundation “drag_embedde
g preferred_fundation_type all 9- ” -
Type d
Rated Voltage rated_voltage all 11.000 \Y%
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Inputs description

TABLE 3.12: RM3 DIMENSION INPUTS

Variable Name

Complexit
y

DTOcean+

Beam WetArea beam_wet_area 3 - m?2
Characterisitc L ,
. . characteristic_dimension all 6.0 m
Dimension
Draft "draft": 0.0, all 0.0 m
Dry frontal area dry_frontal_area 3 o) m?2
Dry profile dry_profile all - -
Footprint Radius footprint_radius all 20 m
Total Height height all 42 m
Hub heigth hub_heigth none - m
Total Length length all 6.0 m
Total Mass mass all 1000000.0 kg
Submergedvolume submerged_volume all 1000.0 m3
Wet Area wet_area all - m?2
Wet Frontal Area wet_frontal_area 3 - m?2
Wet Profile wet_profile all - -
Total Width width all 6.0 m
TABLE 3.13: RM3 MODEL COMPLEXITY 1
| Inputs description Variable Name Value | Units
Capture WidthRatio (CWR) capture_width_ratio 0.31 -
Machine Archetype machine_archetype | “point_absorber” -
TABLE 3.14: RM3 MODEL COMPLEXITY 2
| Inputs description |  Variable Name Value | Units
Capture WidthRatio (CWR) capture_width_ratio see Table 3.19 -
Hs (CWR) hs_capture_width see Table 3.19 m
Tp (CWR) tp_capture_width see Table 3.19 s
Wave Direction (CWR) wave_ang'le_capture_ o deg
width
Machine Archetype machine_archetype pomt_?,bsorber -
Power-Take-Off Average )
Damping pto_damping 1000000 N/(m/s)
TABLE 3.125 RM3 MODEL COMPLEXITY 3
| Inputs description Variable Name Value | Units
Wave Frequencies wave_frequency [0-52,1.52,2.53, rad/s
3.5, 4/4-5, 5]
Wave Direction wave_direction [o] deg
Heading Angle Span heading_angle_span Deg o)
Generate Array Interaction
. get_array_mat True bool
Matrix
["Surge","Heave","Pit
Degree of Freedom (DOF) dofs ch"] -
Shared DOF shared_dof [1,0,1,0,1,0] -
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DTOcean+

Total Number of Generalised

ndof 4 -
DOF
Angular Discretisation of

. . cyl_theta 10 -
Inscribing Cylinder
Vertical Discretisation of
Inscribing Cylinder cylzeta H )
Mechanical Joints Definitionfor . )

Multibody Systems joints Joint1see -
Bodies Description bodies ggjziss:: -Tr::j::;'ﬁ -
WaterDepth water_depth 100 m
N/(m/s) or
PTO Damping pto_damping 1.2e6 Nm/(rad/s
)
. . ) ) N/m or
Mooring Stiffness mooring_stiffness 10000.0 Nm/rad
N/(m/s) or
Additional Damping additional_stiffness o Nm/(rad/s
)

L , o . N/mor
Additional Stiffness additional_damping o) Nm/rad
Capture WidthRatio (CWR) capture_width_ratio see Table 3.19 -

Hs (CWR) hs_capture_width see Table 3.19 M
Tp (CWR) tp_capture_width see Table 3.19 s
Wave Direction (CWR) wave_angle_capture_width o} deg
Wave Spectra: Directional wave_spectral:angular_spr
Spreading eading_factor ° )
Wave Spectra: Peak wave_spectral:peak_enhan
Enhancement Factor cement_factor 33 i
Wave Spectra: Spectrum Shape Wave_spect:i:spectrum_ty “JONSWAP” -
TABLE 3.16: RM3BODY o DEFINITION: SPAR
| Inputs description Variable Name Value Units
ID ID o] -
[[94419615,0,0],
Moment of Inertia Tensor Mol [0,94497091,0], kg m?
[0,0,28542225]]
Body Mass mass 878300 kg
Center of Gravity cog [0,0,-21.79] m
Body Coordinate System Orientation .
. axis_angles [0,0,0] deg
in Euler Angles
Mesh Name mesh “Spar.dat” -
Mesh Format mesh_format “Nemoh” -
Mesh Vertexes and Panels mesh_raw 0 m
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TABLE 3.17: RM3BODY 1 DEFINITION: FLOATER

DTOcean+

| Inputs description | Variable Name | Vvalue | Units
ID 1 -
[20907301,0,0],
Moment of Inertia Tensor Mol [0,21306090,0], kgm?
[0,0,37085481]]
Body Mass mass 727010 kg
Center of Gravity cog [0,0,-0.72] m
Body Coordinate System Orientation .
in Euler Angles axis_angles [0,0,0] deg
Mesh Name mesh “Floater.dat” -
Mesh Format mesh_format “"Nemoh” -
Mesh Vertexes and Panels mesh_raw 0 m
TABLE 3.128: RM3JOINTS DEFINITION
| Inputs description | Variable Name | Value Units
ID ID 0 -
Parent ID parent o} -
ChildID child 1 -
Point of Application point_of_application [0,0,0] m
Direction joint_direction [0,0,1] m
Joint Type type “prismatic” -
TABLE 3.129: MACHINE CWR AT COMPLEXITY 2
Te
Hs 45 55 65 75 85 9.5 11 12 13 14 15 16 17 18
0.25 0o 03 02 02 02 ©01 01 ©01 01 01 01, O O O
o775 01 02 02 02 01 02 02 01 01 01 01 O O O
1250 01 02 02 02 01 02 02 01 01 01 01 O O O
175 02 02 02 02 01 02 02 01 01 01 01 O O O
225002 02 02 02 02 02 01 01 01 01 01 O O O
2751 01 02 02 02 02 02 01 01 01 01 01 O O O
325 02 02 02 02 02 02 01 01 01 01 01 O O O
3750 02 02 02 02 02 02 01 01 0.1 0.1 0o o o o
425 01 02 02 02 02 01 01 01 01 0.1 o o o o
4750 01 02 02 01 01 01 01 01 01 01 o o o o
525l 01 02 01 01 01 01 01 01 01 0.1 o o o o
575 02 021 01 o021 021 021 01 01 0.1 0.1 0o o o o
625] 021 01 01 01 01 01 01 01 0.1 o o o o o
675 02 01 01 01 01 01 0.1 (o] (o] (o] (o] (o] (o] 0
7250 02 01 01 01 o012 o) o) o o) o o o o o
7750 02 01 o021 o0a o o) o) o o) o o o o o
825] 021 01 o012 (o] (o] o o o (o] (o] o o o o

DTOceanPlus Deliverable, Grant Agreement No 785921

Page 41331



D5.8 DTOcean+

Testing and verification results of the Deployment Design tools — beta
version

3.3 ENERGY CAPTURE (EC)

3.3.1 User flow and experience

The main purpose of the Energy Capture module is to estimate the raw power production for
an array oftidal or wave energy converters. The user has two mainoptions:

» Verification — given an array layout, the user would like to estimate the potential power
production

» Optimisation—giventheinstallationarea, the user wantsto know the layoutthat maximises
power production.

In order to design the array layout, the user must have information about the site conditions

and the machine properties.

The EC modules' main outputs are the array layout, the Annual Energy Production( AEP) of the
array and the devices, the power performance of each device in each site condition and the
hydrodynamic efficiency (g-factor) of the array and the single devices (g-factor).

3.3.2 User Stories

There are two main userstoriesfor the Energy Capturemodule, and this can be further specified
for the type of machine and the project complexity. The user stories can be expressed as
follows:

1. As a project or device developer, | would like to verify the power performances of a
specific array layout of either tidal or wave energy converters.

2. As a project or device developer, | would like to identify the maximum power
performances of an array of either tidal or wave energy converters without a specific
layout, given the installation area and some constraints associated with the devices'
placement.

3.3.3 Definition of the Verification Cases

The verification cases for the EC module only cover one of the user stories, leaving out the array
layout optimisation case, since there was no comparison data available for the optimisation.
The six verification cases are summarisedin Table 3.20.

TABLE 3.20: FEATURES AND TOTAL NUMBER OF VERIFICATION CASES FOREC

| Feature | vaa | vea | vez | ves VCs VC6
Technology Tidal Tidal Tidal Wave Wave Wave
Complexity level 1 2 3 1 2 3
Machine Name RM1 RM1 RM1 RM3 RM3 RM3
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3.3.4 Collection of data required

3.3.4.1 Tidal Case

The Energy capture module has three levels of complexity; the data requirements for both
machine and site for each complexity levelis givenin the following tables.

Inputs description

TABLE 3.21: RM1 MACHINE DATA

Variable Name

Complexit

y

Rotor Diameter main_dim_device 1 20.0 m
Rotor Diameter rotor_diameter 2-3 20.0 m
Rated Power rated_pow_device all 1100000 W
Power Coefficients cp 1-2 0.554 -
. Givenin Table
Power Coefficients cp 3 -
3.22
. Givenin Table
Trust Coefficients ct 3 -
3.22
Hub Height hub_height 2-3 30.0 m
Floating floating 2-3 false bool
Cutin/outvelocities | [cut_in_velocity, cut_out_velocity] 2-3 [0.5,3.0] m/s
Number of Rotors number_rotor 2-3 2 -
Rotor Interdistance rotor_interdistance 2-3 10 m

TABLE3.22: RM1 CP/CT CURVES*

U | cp ct
0.5 0.025 0.024
1 0.621 0.502
1.5 0.558 0.464
2 0.489 0.419
2.5 0.233 0.219
3 0.131 0.127

* only a subset of the data is presented; the full dataset can be found in the verification data

and Figure 3.2.
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TABLE 3.23: RM1SITEDATA

O c]
€3

aE)

€eeg.
@@@@

25 3

. . . Complexit

Inputs description Variable Name <
[[533883.1842,
5234048.363],
[533022.3238,

Lease Area Vertex . 5234555751,

(Easting, Northing) loc_position all [533422.5557, | UTM
5235254.904],
[534284.8078,
5234743.342]]

Average Velocity loc_resource 1 1.537 m/s

Magnitude - '

Average Velocity

Vector (Easting, velocity_field 2 [1.287,0.551] m/s

Northing)

Bathymetry bathymetry 2-3 50.0 m

Turbulence

) Tl 3 0.3 -

Intensity

Vertical Velocity

Profile Power Law power_law_exponent 3 0.143 -

Exponent

Manning Number soil_characteristic 3 0.005 m

Eisr:;g:eer:faty U 3 See Table 3.7 m/s

'glgl::g:ge\;:bﬂty \ 3 See Table 3.7 m/s

Probability of o See Table 3.7 %

Occurrence
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TABLE 3.24: PROBABILITY OF OCCURENCE AND SPACE AVERAGE VELOCITY VECTOR

Probability | U- Easting(m/s) | V -Northing(m/s)
|
0.09 -0.4445 -2.6805
0.32 -0.5281 -2.4259
0.85 -0.5281 -2.4259
5.98 -0.6877 -2.2272
3.73 -0.7628 -2.1371
10.96 -0.7780 -1.9445
7.23 -0.8191 -1.8242
15.07 -0.8583 -1.6257
7-45 -0.8218 -1.5226
6.80 -0.7621 -1.3186
10.40 -0.6578 -1.2191
3-41 -0.5579 -1.0197
6.15 -0.4500 -0.9108
3.35 -0.3506 -0.7006
6.96 -0.3494 -0.6163
1.75 -0.1999 -0.3993
6.45 -0.1824 -0.3086
1.44 -0.1009 -0.1303
1.57 -1.2626 -2.4059

TABLE 3.25: FARM DEFINITION INPUTS

| Inputs description | Variable Name | Complexity | Value | Units
Number of Devices number_devices all 10 -
Device Positions layout all See Table3.g | UTM
Orientation Angle orientation_angle all 0.0 Deg
Farm Layout Type layout_type all ‘Verification’ -
TABLE 3.26: FARM LAYOUT
Device ID (-) | U - Easting (m) | V - Northing (m)
o] 533811.6516 5234315.113
1 533705.8036 5234381.605
2 533599-9556 5234448.097
3 5334941077 5234514.59
4 533388.2597 5234581.082
5 533282.4118 5234647.574
6 533599-7023 5234918.27
7 533705.5503 5234851.778
8 533811.3983 5234785.286
9 533917.2462 5234718.794
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3.3.4.2 Wave Case

The Energy capture module has three levels of complexity; the data requirements for both
machine and site for each complexity level are given in the followingtables [1].

It isimportant to notice that the hydrodynamic data for the complexity 3 case is different from
the dataused in the Sandiareport [6]. The results presented inthe Sandia report are based on
a hydrodynamic modelthat does not have a sufficient number of wave frequency. This deficit
influences negatively the calculation of the interaction between devices; therefore, it has been
decided to create a more accuratemodelfor the task.

TABLE 3.27: RM3 MACHINE DATA*

| Inputs description | Variable Name | Complexity | Value | Units

Characteristic o i

main_dim_device 1-2 20.0 m
Length
Rated Power rated_pow_device all 286000 W
Machine Type machine_archetype 1-2 ‘point_absorber -
;:Eitou re Width device_capture_width_ratio 1 0.19 -
;:Ezuﬁa\:\:;jth device_capture_width_ratio 2 See Table 3.19 -
Hs— CWR hs_capture_width 2 See Table 3.19 m
Tp—CWR tp_capture_width 2 See Table 3.19 s
Direction—CWR wave_angle_capture_width 2 ) deg

* The data for the machine at complexity 3 is not givenfor readability reason. The dataset can
be found in the related verification scenario.
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TABLE 3.28: MACHINE CWR AT COMPLEXITY 2

Te
Hs 45 55 65 75 85 95 11 12 13 14 15 16 17 18
0.25 0 03 02 02 02 ©01 01 01 01 01 01, O O O
o775 01 02 02 02 01 02 02 01 01 01 01 O O O
125 01 02 02 02 01 02 02 01 01 01 01 O O O
175 02 02 02 02 01 02 02 01 01 01 01 O O O
225002 02 02 02 02 02 01 01 01 01 01 O O O
2751 01 02 02 02 02 02 01 01 01 01 01 O O O
325 02 02 02 02 02 02 01 01 01 01 01 O O O
3750 02 02 02 02 02 02 01 01 01 0.1 o o o o
425101 02 02 02 02 01 01 01 01 041 o o o o
4750 01 02 02 01 01 01 01 01 01 01 o o o o
5250 01 02 o01 01 01 041 041 01 01 041 o o o o
575 02 01 01 021 021 021 01 01 01 01 o o o o
625l 02 o021 01 01 01 01 01 01 0.1 (o] (o] (o] (o] 0
675 01 01 01 01 01 01 041 o o) o o o o o
725002 01 01 01 o021 o) o) o o) o o o o o
7750 02 021 o021 o0a o 0 o) 0 o o) o o o o
8.25] 02 01 o1 o (o] (o] (o] (o] (o] (o] o o o o
TABLE 3.29: RM3SITEDATA*
| Inputs description | Variable Name | Complexity | Value | Units
loc_position all [393550,4521100, | UTM
Lease AreaVertex [391810,4522035],
(Easting, Northing) [393730,4525490],
[395490,4524555]
Average Energy loc_resource 1 36060 W/m
Flux
Bathymetry bathymetry 3 90.0 m
EJDP scatter_diagram 2-3 See Table 3.30 -
Tp-EJDP tp 2-3 See Table 3.30 s
Hs-EJDP hs 2-3 See Table 3.30 m
Direction -EJDP dirs 3 o Deg
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TABLE 3.30: EJDP HS/TP
I Te

8.5

TABLE 3.31: FARM DEFINITION INPUTS

Value

| Inputs description | Variable Name | Complexity | ‘ Units

Number of Devices number_devices all 10 -
Device Positions layout all See Table3.32 | UTM
Orientation Angle orientation_angle all 0.0 Deg
Farm Layout Type layout_type all ‘Verification’ -
TABLE 3.32: FARM LAYOUT
‘ Device ID (-) | U - Easting (m) | V - Northing (m)

0 3933599919 4523067.043

1 393429.76 4522366.509

2 393499.5281 4521665.974

3 394597-5413 4524174.685

4 393908.9985 4524321.398

5 393978.7666 4523620.864

6 393290.2238 4523767.577

7 392741.2172 4522513.222

8 394048.5347 4522920.33

9 393839.2304 4525021.933
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3.4 ENERGY TRANSFORMATION (ET)

3.4.1 User flow and experience

The Energy Transformation Module can design and assess four main sub-systems of the PTO:

» Mechanical Transformation: Designs the mechanical parts and performs the calculation of
the PTO mechanical efficiency and loads knowing:

* The PTOtechnology from the User
* The resource from the Site Characterisation module
= The absorbed energy and the device motion from the Energy Capture tool
= The device characteristics fromthe Machine Characterisationmodule
= The controlstrategy (passivecontrol or user-defined)
* The componentdatabase

» Electrical Transformation: Designs the electrical parts and computes the generator
efficiency and loadings, knowingthe mechanical PTO power and operationrange.

» Grid Conditioning: Designs the components for grid conditioning electrical power, mainly
selects the power converter, computesits efficiency, and the electrical output power.

» Control Strategy: Dedicated to traducing device motions and loadings to specific velocity
distributions to be accountedforinthe conversion chain.

Finally, the ET module outputs provide information about cost, efficiency, reliability and mass
ofthe different energy transformation objects.

3.4.2 User Stories

There are four user stories that cover both technologies (wave and tidal) and array or device
level.

1. As a technology developer, | want to analyse the PTO of a tidal turbine designed for a
specific location at an early stage of technology development . The mechanical, electrical
and grid transformations willbe modelledina simplified manner. The PTO will use the
default passive controller.

2. Asan investor, | want to analyse the PTO of a tidal turbine in an array designed for a
specific location at an intermediate stage of technology development. The mechanical
and electrical transformations will be modelled with a gearboxand a squirrel cage
induction generator (SCIG) generator, respectively, whereas the power electronics will
consist ofa back-to-backconverter. The PTO will use the default passive controller.

3. As atechnology developer, | want to analyse the PTO of a single unit of a floating OWC
buoy designed for a specific location at an early stage of technology development.

4. Asaninvestor, | wantto analysethe PTO of a floating OWC buoy in an array designed for
a specific location at an intermediate stage of technology development. The mechanical
and electrical transformations will be modelled with anImpulse Air Turbine and a SCIG
generator, respectively, whereas the power electronics will consist of a back-to-back
converter. The PTO will use the default passive controller.
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3.4.3 Definition of the Verification Cases

Four verification cases have beendevisedinET, as shownin Table 3.33:

TABLE 3.33: ET FEATURES AND VERIFICATION CASES

Feature VCi VC2 VC3 VCs4

Technology Tidal Tidal Wave Wave
Mechanlcall Simplified Gearbox Wellsturbine Impulse tur.
transformation

Electrical transformation Simplified SCIG Simplified SCIG
Grid transformation Simplified B2B Simplified B2B
Control Passive Passive Passive Passive
ET Complexity level 1 2 1 2
Numberof devices 1 10 1 10

Key - SCIG: Squirrel Cage Induction Generator; B2 B: Back-to-back power converter

The complexity level in Table 3.3 is the global ET complexity level. Each transformation stage
will have its own complexity level. In the verification cases VC1-VC4, the complexity of each
stage willbe 1whenit is “simplified” and 2 when the name of the stage appears (Gearbox, SCIG,
B2B etc.).

User-defined control is only available for Mechanical transformation at complexity level 3
(default data was used for complexity 2 and user defined data, from catalogue, was used for
complexity 3).

Variations of VC2-VC4 may be runto verify the optimal sizing of the specific PTO objects. This
should beimplemented by defininga range of a single design parameterfor the PTO object (i.e.
mechanical, electrical and grid transformation) and the objective function (i.e. cost ratio or
reliability ratio).

It is worthwhile mentioningthat the 4 VCs do not explore all potential combinations of object
types, complexity levels, ocean technologies and basic features but comprise the minimum
case number to cover the full extent of Software Routes.

The 4 VCs can be grouped into four independent scenarios for the verification of ET Features,
depending on the ocean energy technology (wave or tidal) and the project scope (single device
orarray):

TABLE 3.34: VERIFICATION SCENARIOS

‘ Verification Scenarios ‘ Device ‘ Array
Tidal Energy RMix1-VC1 | RMixi10-VC2
Wave Energy RM3x1-VC3 RM3x10-VC4

The verification scenarios are based on Sandia’s Reference Model 1 and 3, which input values
were used whenever possible. However, for the ET tool verification purposes, some parameters
and transformation objects have been modified ineach VC.
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3.4.4 Collection of datarequired

ET module willobtaininputs from 3 different resources:

» Externalmodules
» Userinputs from the GUI
» Component Database (Catalogue)

INPUTS FROM EXTERNAL MODULES
Depending on the complexity level and technology, different inputs will be needed:

P The resource from the Site Characterisation module
» The absorbed energy and the device motion from the Energy Capture tool
» The device characteristics fromthe Machine Characterisation module

In standalone mode, these inputs will be uploaded to the ET study through 3 independent json
files

USER INPUTS FROM THE GUI
The user will set basic information about the ET study and provide the main inputs of each
transformation stage depending onthe complexity level and technology.

Study: Name, descriptionand standalone mode (yes/no)
General inputs: Parallel PTOs and shutdownflag
Mechanical inputs: Main mechanical transformation parameters as power, type of
conversion, transformation ratio, etc.
Electrical inputs: Main generatorparameterslike rated power, voltage, frequency, etc.

» Grid inputs: Main power electronics parameters like rated power, DC-link voltage,
switching frequency, etc.

» Controlinputs: Control type, basic control variables (nsigma and bins).

Complexity 1is the simplest case, and very few variables will be modifiable by the user. The rest
are fixed internally.

The specific User inputs for each verification case are shownin the tables below:

TABLE 3.35: INPUTS FOR CHARACTERISATION OF THE TIDALPTO —LOW COMPLEXITY (VCa)

AAd olpl: O d O

P equired ource of Data
[)
Project level
Numberof devices EC 1
Technology MC Tidal TEC
ET complexity level User/GUI 1
Environmental Conditions EC/SC Vc/ Occurrence

Device level
Number of PTOs perdevice (number of rotorsin
tidal, dof_ptos)

MC 2
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Additional Information/

Parameters required Source of Data

input value

DTOcean+

Shutdown Flag (minimum number of PTOstohave

the deviceONg)]( User/GUI .
Device Performance (captured power) EC 550

Cp (power coefficient) MC 0.37
Mechanical Conversion Type User/GUI Simplified-cpx1
Electrical Conversion Type User/GUI Simplified - cpx1
Grid Conditioning Type User/GUI B2B-simplified- cpxa
PTO level

Main dimension (rotor diameter) EC 20[m]
Mechanical Conversion Size (Max Power) User/GUI 550000 [W]
Mechanical Transmission Ratio User/GUI 53[-]
Electrical Conversion Rated Power User/GUI 550000 [W]
Grid ConditioningRated Power User/GUI 550000 [W]
Passive Control nsigma User/GUI 5
Passive control bins User/GUI 500

TABLE 3.36: INPUTS FOR CHARACTERISATION OF THETIDALPTO —MID COMPLEXITY (VC2)

A

- = ad 3 G Dats efe O d O d O

Project level

Numberof devices EC 10
Technology MC/SC Tidal

ET complexity level User/GUI 2
Environmental Conditions SC/EC [Tp/Occ/Vcc]
Device level

Number of PTOs perdevice (number of rotorsin

. MC 2
tidal, dof_ptos)
Ct:lpverse of the mean rotational speed of the MC .82
turbine rotor
Cp (powerfactor) MC 0.37
Vc cut-in/cut-out MC 0.5/3
Shutdown Flag (minimum number of PTOstohave
the deviceONg) User/GUI *
Device Performance EC/MC TSR=5.8
Mechanical Conversion Type User/GUI Gearbox-cpx2
Electrical Conversion Type User/GUI SCIG-cpx2
Grid Conditioning Type User/GUI B2B-cpx2
PTO level

Rotordiameter EC 20[m]
Gearbox maximum power User/GUI 550000 [W]
Gearbox transmissionratio User/GUI 53
SCIG rated power User/GUI 550000 [W]
SCIG rmsvoltage User/GUI 690[V]
SCIG nominal frequency User/GUI 60 [Hz]
SCIG inductance User/GUI 0.0005 [Hr]
SCIGresistance User/GUI 0.0001 [ohm]
SCIG pole pairs User/GUI 5

SCIG maximumto nominal torque User/GUI 2

SCIG maximumto nominal voltage User/GUI 1.725
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Parameters required

Source of Data

Additional Information/

input value

SCIG conversionclass (for life calculation) User/GUI ClassF
B2B2Level ratedpower User/GUI 550000 [W]
DClinkvoltage User/GUI 1200 [V]
Switching frequency User/GUI 5000 [Hz]
Grid rms voltage User/GUI 690 [V]
Grid frequency User/GUI 5o [Hz]
B2B2Level resistance User/GUI 0.0001 [ohm]
B2B2Level inductance User/GUI 0.001 [Hr]
Required cosphi User/GUI 0.95
Passive Control n sigma User/GUI 5
Passive control bins User/GUI 500

TABLE 3.37: INPUTS FOR CHARACTERISATION OF THEWAVE PTO -LOW COMPLEXITY (VC3)

Add OoNna O atlo

P eq ed 0 e oTData

)
Project level
Numberofdevices EC 1
Technology MC/SC Wave
Complexity level User/GUI 1
Environmental Conditions SC [Hs/Tp/Occ
Device level
Number of PTOs perdevice (parallel_ptos) User/GUI 1
Shutdown Flag (minimum numberof PTOstohave
the deviceONg)( User/GUI 1

100 kW
Device Performance EC/MC [100 kW-Capt.ured powerand

PTO damping-565000]

Mechanical Conversion Type User/GUI AirTurbine-cmx2
Electrical Conversion Type User/GUI Simplified-cmxa
Grid Conditioning Type User/GUI Simplified-cmxa
PTO level
Turbine_Type User/GUI Wells
Turbine_Diameter User/GUI 1[m]
Turbine_OWC_Surface User/GUI 20[m?]
Turbine_transmission_ratio User/GUI 31 [-]
Electrical Conversion Rated Power User/GUI 100000 [W]
Grid ConditioningRated Power User/GUI 100000 [W]
Passive Control n sigma User/GUI 5
Passive control bins User/GUI 500

TABLE 3.38: INPUTS FOR CHARACTERISATION OF THE TIDALPTO -MID COMPLEXITY (VCg)

Add OoNna O atlo

P ed ed 0 e or Data
Project level
Number of devices EC 10
Technology MC/SC Wave
ET complexity level User/GUI 2
Environmental Conditions SC [Hs/Tp/Occ]
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» q d 0 of D .
D
Device level
Number of PTOs perdevice (parallel PTOs) User/GUI 1
Shutdown Flag (minimum number of PTOs to have
the deviceONg)J( User/GUI *
Device Performance EC/MC [100 kW Ca!otured powerand
damping 565000]
Mechanical Conversion Type User/GUI Air Turbine-cmx2
Electrical Conversion Type User/GUI SCIG-cmx2
Grid Conditioning Type User/GUI B2B-cmx2
PTO level
Turbine_Type User/GUI Impulse
Turbine_Diameter User/GUI 1[m]
Turbine_OWC_Surface User/GUI 20 [m2]

Mechanical transformationratio: Relationship
betweenthe mechanical rotation obtainedfrom the

mechanical transformation and the speedof the User/GUI [2]
generatorshaft value

SCIG rated power User/GUI 100000 [W]
SCIG rmsvoltage User/GUI 690 [V]
SCIG nominal frequency User/GUI 60 [Hz]
SCIG inductance User/GUI 0.0005[Hr]
SCIGresistance User/GUI 0.0001 [ohm]
SCIG pole pairs User/GUI 5
SCIG maximumto nominal torque User/GUI 2
SCIG maximumto nominal voltage User/GUI 1.725
SCIG conversion class (for life calculation) User/GUI ClassF
B2B2Level rated power User/GUI 100000 [W]
DClinkvoltage User/GUI 1200 [V]
Swiching frequency User/GUI 5000 [HZ]
Grid rmsvoltage User/GUI 690 [V]
Grid frequency User/GUI 5o [Hz]
B2B2Level resistance User/GUI 0.0001 [ohm]
B2B2Level inductance User/GUI 0.001 [Hr]
Required cosphi User/GUI 0.92
Passive Control n sigma User/GUI 5
Passive control bins User/GUI 500

CATALOGUE INPUTS

Apart from external inputs and user inputs, there are many other data needed for the ET
module's detailed computation; especially specific parameters of each component in the
transformationstages.

As this data is not usually known by mid-level users, default data is included in a catalogue.

Catalogue parameters are used by all transformation stages in complexities 2 and 3 as the
models used are the same. These parameters will be modifiable only in complexity 3.
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3.5 ENERGY DELIVERY (ED)

3.5.1 User flow and experience

The main purpose of the Energy Delivery module is to design the electrical network to transmit
power from devices to shore, including the:

Array network —cables between Ocean Energy Converters(OEC)

Collection point (CP), which can be a substation with voltage transformation or a passive
hub.

» Transmissioncableto the Onshore Landing Point (OLP)
The design is based on user choices, design parameters from other modules, and a catalogue
oftypical electrical components.

In standalone mode, the user first sets up a study before entering inputs for the site, device,
array, and configuration options. Once these inputs are complete, the user can run the design
process and thenview the results.

The mainoutputs are a network design, the energy and power delivered to shore and network
losses, atotal cost and bill of materials for the electrical components used, plus a hierarchy of
how they are connected.

3.5.1.1 Functionalities not fully implemented

There are a number of functionalities that are not fully implemented in the version beingused
forthe verificationtasks. These may require further updates and testing to the business logic,
back end, or GUI or may require updates to other modules.

1) At complexity level 1, the module now allows designing and evaluating networks for
single devices. For the single device case, direct connectionto the shore is the network
configuration considered. To evaluate this case, enter the number of devices to be 1
and the array spacing to be o m. This has been fully implemented but is not a part of
the deployed tool.

2) Exclusion zones in site inputs at complexity levels 2/3. The input will be a list of
coordinates of the polygon that constitutes the exclusion zone in both the lease area
and the export cable corridor. This has already beenimplementedinthe Business Logic
but notin the Back End and the GUI.

3) The options to include (or not) the onshore infrastructure cost has now been
implemented ina different way at all complexity levels. The options include entering o
forthe Onshore infrastructure cost, notto consider these costsor to enter an estimate
of the cost if known beforehand, or leaving blank when a cost function is used to
evaluate the onshore infrastructure cost.

4) Whenthetoolis runninginintegrated mode with the other modules, the user will select
one network to take forward for further design and analysis. Note that this feature is
notyetimplemented inthe standalone mode.
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3.5.2 User Stories

There are two main user stories for the Energy Delivery module, corresponding to the simple
and full functionalities, which can be expressed as follows:

2. Simplemode:
a. Asa project or device developer, | would like to get a quick estimate of the costs
and performance of a typical electrical network for deployment.
3. Fulldesign mode:
a. Asa device developer, | would like to understand the performance of my device
in a range of electrical networks.
b. As a project developer, | would like to design an optimal electrical architecture
forthe array projectlam designing.

3.5.3 Definition of the Verification Cases

A set of verification cases were developed to cover the range of functionalities of the ED
module. As noted above, the calculationlogicis agnostic to the technology type (WEC/TEC) but
does depend onwhether the device is fixed or floating. A range of device ratings and array sizes
were considered to test the typical range of electrical components required in an array. These
were aligned with the US DoE reference models (RM1& RM3) where possible. Additionally, the
tool should be tested at both low and full complexity, with scenarios to allow comparison
betweenthese cases.

The key parameters and values considered are listed in Table 3.39. To consider every
permutation of these would resultinan unmanageably large number of verification cases, so a
smaller subset waschosento cover asmuch ofthe variation as possible. The final set of 15 cases
is listed in Table 3.40, noting that verifiers were only expected to test a subset of these cases as
there s significant overlap betweenthem.
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TABLE 3.39: KEY PARAMETERS VARIEDIN VERIFICATION CASES WITH VALUES CONSIDERED

| Parameter | Values considered

©  Small, 100 kW

o Device rated power o Medium, 286 kW (=RM3)
@ Large, 1.1 MW (=RM2)
o Single device (=RM)

o Numberofdevicesin Array ’ Smal_l, 5dev1_ces
= Medium, 10devices(=RM)
@ Large, 5o devices (=RM)

o Networktopology

s N/Aforlow complexity

o Directtoshore
= Radial
e Radial with transmission CP
o Single-clusterstar
@ Multi-clusterstar

o Multi-cluster star with transmission CP

o Bathymetry

o N/Aforlowcomplexity

o Simple (uniformsoil type)

s With obstacles (different soil types)

o RMatrapezoidal channel

o RM3site bathymetry

TABLE 3.40: LISTOFVERIFICATION CASES FOR ENERGY DELIVERY

Total
. Fixed/ = Network | Array Device | array InstallationBathymetry| Like
Case|Complexity . .
floating topology | size power | power method | filetype |cases
(kw)
CPXL | floating | nfa(radial) [MediumMed / /
1.1. simplified oating | n/a(radia ediumMedium| 3,000 nfa n/a 2.2
CPX1 ' :
1.2. Simplified fixed n/a(radial) | Large | Large | 55,000 n/a n/a 2.11
PX i
2.1. DCetai/:d fixed d:ﬁ;:eto Small [ Small | 500 | dredging simple
CPX :
2.2. .2/3 floating radial  |MediumMedium| 3,000 None RM3 H
Detailed 2.12
CPX2/3 ' . .
2.3. Detailed fixed radial |Medium| Large | 11,000 None RMa 2.13
CPX2/3 . radial with . - .
2.4. , fixed [transmission| Small Medium| 1,500 | jetting simple
Detailed
cpP
CPX2/3 . radial with . .
2.5. , fixed [transmission| Large | Small | 5,000 |ploughing| simple
Detailed
CcpP
CPX2/3 . single- . )
2.6. Detailed fixed cluster star Small | Large | 5,500 | cutting simple
2.7. CPX,2/3 fixed single- MediumMedium| 3,000 | dredging with
Detailed clusterstar obstacles
2.8. CPX_ZB floating mUItI_ClusmrMedium Large | 11,000 |seabedlay| simple
Detailed star
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Total
Fixed/ = Network | Array Device | array InstallationBathymetry| Like
topology | size power | power method | filetype |cases

Case |Complexity floating

(kw)
CPX2/3 . multi-cluster . _— .
2.9 | Detailed fixed star Large |Medium| 15,000 | jetting simple
multi-clusten
CPX2/3 ) _ ) _ with
2.20.| i iled floating | starwith |Medium| Small | 1,000 | ploughing obstacles
trans.CP
CPX2/3 . muIt|-cI.uster .
2.11. . fixed starwith | Large | Large | 55000 |seabedlay| simple 1.2
Detailed
trans.CP
CPX2/3 . directto . .
2.12. floatin Single |Medium| 300 None RM 2.2
Detailed g shore g 3 3
2.13. DCech);ﬁgzl fixed d:ﬁ;:;co Single | Large | 1,200 None RM1 2.3

3.5.4 Collection of datarequired

Running the verification cases inthe Energy Delivery module requires a setofinput data, which
were collated from several freely available sources as described below. In some cases,
synthesised data sets have been produced where real data were not available.

The data requirements for the ED module can be summarised as follows:

P Site characteristics: bathymetryand seabed material.

» Device characteristics: Rated power, voltage, technology type.

» Array characteristics: Number of devices and typical spacing or coordinates of the array
layout, histogram oftotal array power output.

» Catalogue ofelectrical components: cables, connectors, collection points.

There are also several user choices, such as the network configuration to be assessed or the

preferred installation technique, but these do not require the collection of data for verification.

The data sets required are different for each set of Verification Cases, as shown in Table 3.41.
Asnoted above, someofthe VCwere aligned to the US DoE RM1and RM3 described in [1].
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TABLE 3.41: DATA SOURCES FOR ENERGY DELIVERY VERIFICATION CASES

| Data type |

Verification Cases
Low complexity (1.1,
1.2)

Data used and source(s)

Not required

Site
Characteristics

RMatidal (2.3,2.13)

Syntheticbathymetry created to match trapezoidal
channel usedfor RM1. Sediment type notassessedfor
RMa; therefore, *hard glacial till’ was selected [14].

RM3wave (2.2,2.12)

RM3 bathymetry and soil data from DTOcean2
example data[15]

Otherfull complexity
(2.2,2.3-2.11)

Syntheticbathymetry and seabed material data
created

RMatidal (1.2,2.3,2.13)

Fixed device, 1100kW at 33kV to match RMz, notethat
standard voltage used is slightly higherthan the 30kV
used in RM1

Device
Characteristics

RM3 wave (1.1,2.2,
2.12)

Floating device, 300kW at 6goV, similarto RM3

Otherfull complexity
(2.2,2.3-2.11)

Syntheticdevices at arange of powerand export
voltage levels

Low complexity (1.1,
1.2)

Array spacing and distance to shoretomatch RM1and
RM3 array layouts.

Array

RMztidal (2.3, 2.13)

Rectangular array of 10 devices' to match RMz, plus
single RM1 device. Histogram of array power output for
RMz1, re-binnedto suit ED requirements. Onshore
landing point taken as halfway betweenrows 1 & 2 at
edge of channel tomatch RMa.

Characteristics

RM3wave (2.2,2.12)

Hexagonal array of 10 devices' tomatch RM3, plus
single RM3 device. Histogram of nominal array power
output. Onshore landing point from DTOcean2
example data[15]

Otherfull complexity
(2.2,2.3-2.11)

Syntheticarray layouts of 5, 10, and 5o devices.
Synthetic histograms of array power output.

* Arrays of 5o devices were also created for RM1 & RM3, but notused in the verification cases

For all VCs, the same catalogue of electrical components was used, containing: static and

dynamic (umbilical) cables; wet-mate and dry-mate connectors; collection point and
transformer details. This catalogue is based upon the DTOcean2 example database [15], with
additional synthesised componentscreated as necessary to meet the requirements ofthe VC.
An updated catalogue of generic electrical components is currently being created. This will be

released as an open-source dataset and will also be available as part of the final DTOceanPlus

suite of tools.
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3.6 STATION KEEPING (SK)

3.6.1 User flow and experience

The main purpose of the Station Keeping module is to design and assess the mooring system,
anchors and foundations of the devices and substation, including:

» Mooringlines for floating structure (design, ULS analysis and FLS analysis)

» Anchors (designand ULS analysis)

» Foundationfor fixed structure (designand ULS analysis)

The designis based onuser choices and inputs, design parameters from other modules, and a
catalogue of typical line types and anchors.

In standalone mode, the user first sets up a study, providinga name. He/she then has to specify
the input data by describing the characteristics of the site, the device and the analysis
parameters regarding the mooring system, anchors and foundations.

In integrated mode, input data regarding the site and the device are imported from other
modules.

The main outputs are the assessment of the mooring system, foundation and anchor design,
the total cost and bill of materials for the components used, a hierarchy of how they are
connected. In order to ease the interface with commercial software, the mooring system
description can be exported as a MAP++ data format file (https://map-plus-
plus.readthedocs.iofen/latest/input_file.html).

3.6.2 User Stories

There are two main user stories for the SK module, corresponding to the simple and full
functionalities, which canbe expressed as follows:

1. Simplemode:
a. Asaprojector devicedeveloper, | would like to get a quickestimate of the design
of the mooring system, anchors and/or foundations.
2. Fulldesign mode:
a. Asa projectdeveloper, | would like to assess and/or designthe mooring system,
anchors and/or foundations.

3.6.3 Definition of the Verification Cases

Five functionalities can be identified in order to assess the performance and accuracy of this
module:

» Automated design of foundation: an estimate of the necessary dimensions of the
foundation ofafixed device.

» Automated design of anchor: an estimate of the necessary dimensions of the anchors of
the floating device.
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» Automated design of catenary mooring system: an estimate of the necessary dimensions
ofthe anchors ofthe floating device.

» Mooring system assessment: ULS and FLS analysis of the mooring lines of a floating
device.
Foundation assessment: ULS analysis of the foundation of a fixed device.
Anchor assessment: ULS analysis of the anchors of a floating device.

Six Verification Cases (VC) have been defined in order to check those functionalities (see TABLE
3.42). The six VCs can be grouped into two independent Verification Scenarios:

» ATidaldevice using Sandia’s Reference Model1(RM1)
» AWavedevice using Sandia’s Reference Model 3(RM3)

TABLE 3.42: TOTAL NUMBER OF VERIFICATION CASES FORSK

Inputs characteristics Outputs to verify
Floating | Wec | Catenary Design: uLsS FLS Mooring | Foundation
Case [Fixed | /Tec / Taut Auto/ analysis | analysis design design
Manual

RMz1-SK1 Fix Tec None Auto X X
RM1-5K2 Fix Tec None Auto X X
RM1-5K3 Fix Tec None Manual X

RM3-SK1 Flo Wec C Auto X X X
RM3-SK2 Flo Wec T Manual X X
RM3-5K3 Flo Wec T Manual X X X

3.6.3.1 Case RM1-SK1

The verificationtest case RM1-SK-1is based onthe Scenario RM1, withthe following user story:

" The useris working within the project described by Scenario RM1. The user knows that the device
RMz is to be installed on the seabed. They know the main characteristics of the device RM1 (main
dimensions, weight, rotor properties). They also know the type of soil the device is to be installed
on: ‘dense sand’. They would like to know what kind of foundation is the most appropriated for
this situation and the main dimensions of this foundation.”

This verification test case focuses on the following functionalities of the SK module:

Modelling of fixed structure
Modellingoftidal machine rotor
Automatic selection of most suitable foundationtype

»
»
»
»

Automatic design of foundationdimensions
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3.6.3.2 Case RM1-SK2

The verification test case RM1-SK-2 is based on the Scenario RMz1, with the following user story:

" The useris working within the project described by Scenario RM1. The user knows that the device
RMz is to be installed on the seabed. They know the main characteristics of the device RM1 (main
dimensions, weight, rotor properties). They also know the type of soil the device is to be installed
on'dense sand’. Aftersome predesign studies, they identified that the foundation type they would
like to use is a pile. They would like to know the main dimensions of this foundation and its total
cost.”

This verification test case focuses on the following functionalities of the SK module:

» User-defined foundationtype
» Automaticdesignoffoundationdimensions
» Foundation cost calculation

3.6.3.3 Case RM1-SK3

The verificationtest case RM1-SK-3is based onthe Scenario RMz1, with the following user story:

" The useris working within the project described by Scenario RM1. The user knows that the device
RMa is to be installed on the seabed. They know the main characteristics of the device RM1 (main
dimensions, weight, rotor properties). They also know the type of soil the device is to be installed
on 'densesand’. Aftersome predesign studies, they identified that the foundation type they would
like to use is a pile. After some refined structure analysis studies, he knows the main dimensions of
the pile. They would like to check if the design of the pile satisfies the criteria calculated by
DTOceanPlus in this situation: lateral capacity, axial tension, axial compression and steel stress

capacities.”

This verification test case focuses onthe following functionalities of the SK module:

P User-defined foundationdimensions
P Foundationcriteria calculation

3.6.3.4 Case RM3-SK1

The verification test case RM3-SK-1is based onthe Scenario RM3, with the following user story:

" The useris working within the project described by Scenario RM3. The user knows that the device
RM3 is to be moored. They know the main characteristics of the device RM3 (main dimensions,
weight, hydrodynamics properties). They also know the type of soil at the site location:
'medium_dense_sand’. They would like to have a first estimate of an appropriate catenary mooring

system design: number of mooring lines, mooring radius, chain diameter, type and size of anchor,
and totalcost.
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This verification test case focuses onthe following functionalities of the SK module:

» Modellingofa floating structure

» Automaticdesignofcatenary mooringsystem

» Automaticselectionofmost suitable anchortype
» Automaticdesignofanchor dimensions

3.6.3.5 Case RM3-SK2

The verificationtest case RM3-SK-2is based on the Scenario RM3, with the following user story:

" The useris working within the project described by Scenario RM3. The user knows that the device
RM3 is to be moored. They know the main characteristics of the device RM3 (main dimensions,
weight, hydrodynamics properties). They also know the type of soil at the site location:
'medium_dense_sand’. After some preliminary studies, they would like to run an ULS analysis for
a defined taut mooring system made of nylon rope. They would like to have check if this system
passes the ULS analysis criteria.”

This verification test case focuses on the following functionalities of the SK module:

» Custom mooringsysteminput
» ULS analysis

3.6.3.6 Case RM3-SK3
The verificationtest case RM3-SK-3is based onthe Scenario RM3, with the following user story:

" The useris working within the project described by Scenario RM3. The user knows that the device
RM3 is to be moored. They know the main characteristics of the device RM3 (main dimensions,
weight, hydrodynamics properties). They also know the type of soil at the site location:
'medium_dense_sand'. After some preliminary studies, they would like to run an FLS analysis for
a defined taut mooring system made of nylon rope. They would like to have check if this system
passes the FLS analysis criteria.

This verification test case focuses on the following functionalities of the SK module:

» Fatigue Limit State analysis (FLS)
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3.6.4 Collection of datarequired

3.6.4.1 Case RM1-SKx

The device data necessaryto runthe verification cases are the following:

TABLE 3.43: RM1DEVICEDATA

| Inputs description Value | Units
Type of technology Fixed tidal machine withtwo rotors -
Mass* 119700 (without the pile) kg
Position of rotor1 [x,y,z]1=[0,-14,30] m
Position of rotor 2 [x,y,z]1=[0,14,30] m
Rotordiameter 20 m
Rotorthrust coefficients See Figure 3.2 -

*Note that the massto be used in the SK module is the total mass of the device without the mass of the
foundation. Here, by ‘foundation’, we mean the complete pile, comprising the buried part and the part

above the seabed.

0.8
0.7
0.6
0.5

0.3
0.2
0.1

o

2 3 4 5 6
Fluid velocity [m/s]

FIGURE 3.3: RM1ROTOR THRUST COEFFICIENTS

The foundation data necessaryto runthe verification cases are the following:

TABLE 3.44: RM1FOUNDATION DATA

| Inputs description | Value | Units
Type of foundation Pile -
Type of pile tip (open or close) open -
Material steel -
Diameterofthe pile 3.5 m
Height of the pile above seabed 30 m
Height of the pile below seabed 15 m
Thickness of pile 0.039 m
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The environmental data necessary to runthe verification cases are the following:

TABLE3.45: RM1ENVIRONMENTALDATA

| Inputs description | Value | Units

Waterdepth 50 m
Design Hs (100-years return period) Assumedtobe 8 m
Design Tp (100-years return period) Assumedtobe 10 s
Design Current velocity 2.85 m/s
Soil type Assumed to be ‘dense sand’ -

3.6.4.2 Case RM3-SKx

The device data necessaryto run the verification cases are the following:

TABLE 3.46: RM3DEVICEDATA

| Inputs description | Value | Units

Type of technology Floating wave energy converter machine -
Mass 1665762 kg
Diameter of the main column 6.0 m
Submergedheight of the main column ~40 m
Hydrodynamic data (radiationand diffraction) Simplified 6-dofs model (assuming the

surface float is fixed to the vertical column)

The environmental data used for the ULS analysis are the following:

TABLE 3.47: RM3ULS ENVIRONMENTAL DATA

| Inputs description Value | Units

WaterDepth 70 m

100-year Significant Wave Height (Hs) 11.9 m

100-year Significant Wave Period (Tp) 17.1 s

100-year current speed 0.59 m/s
Seafloor composition Sand/Clay

The environmental data used for the FLS analysis are the following:

TABLE 3.48: RM3FLS ENVIRONMENTALDATA

Inputs description
Seastatesdiscretization Statistical discretization in terms of Hs and Wave directions

The main mooring system data for the verification cases are the following:

TABLE 3.49: RM3 MAIN MOORING SYSTEMDATA

| Inputs description | Value Units
Numberof mooringlines 3 -
Buoy (55 kN) permooring line 1 -
Clump weight (10tons) per mooring line 1 -
Mooring radius ~350 m
Mooring line segments rope-nylon-chain -
Rope segment length ~40 m
Nylon segment length ~270 m
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Chain segment length ~40 m
Rope segment diameter No data m
Nylon segment diameter 0.146 m
Chain segment diameter 0.089 m
Anchortype Anchor: 9-tonne Bruce® FFTSMK 4 anchor. -
Estimated cost (mooringlines, anchors,

. . 524 810 $
buoys, clump weight and other ancillaries)
Estimated failurerate 0.02 1/year

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 66 | 331




D5.8 DTOcean+

Testing and verification results of the Deployment Design tools — beta
version

3.7 LOGISTICS AND MARINE OPERATIONS (LMO)

3.7.12 User flow and experience

The main purpose of the Logistics and Marine Operations module is to design logistical
solutions for the installation, operation and maintenance (O&M), and decommissioning phases
of ocean energy projects. Logistic solutions consist of an operation plan and an optimal
combination of vessels, equipment and ports that minimise the costs of each operation
individually, reducing capital and operational expenditures simultaneously (CAPEX and OPEX).

For the different project phases, the logistical solutions include:

» Infrastructure solutions — an optimal selection of vessels, ports and support equipment to
carry out the installation/O&M/decommissioning operations

» Operation plans —operationdurations, weather contingencies, start dates, end dates.

» Operationcosts—cost of operations, including vessel chartering costs, fuel costs, port costs
and equipment costs. These costs are grouped into the installation, maintenance and
decommissioning

The Logistic designis carried out based onthe design outputs of upstream deployment design
tools and project characteristics and preferences introduced by the user, and catalogues of
vessels, port terminals, equipment and operations.

In standalone mode, the user first sets up a study before entering inputs of the project. Once
these inputs are complete, the usercanrunthe logistic design processand then view the results.
The main outputs of the analysis are optimal installation, maintenance, and decommissioning
plans, which include activity sequences, selected infrastructure, durations and costs.

3.7.1.1 Functionalities not fully implemented

There are a number of functionalities that have not been fully implemented inthe version being
used for the verification tasks. These will require further updates and testing to the business
logic, back end, or GUI but will not require updates to other modules.

1. The functionality to export the study.

2. The verification version of the LMO module required that the user-specified a
“maintenance start date”, which correspondsto the commissioning date. The functionality
to automatically use the commissioning date as the end of the installation phase (in case
the installation phase is run) will be implemented.

3. The contributions of the waiting on weather, mobilisation, and transit, to the total
operationdurations, will be discretised and tabled for complexity Cpx3.
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3.7.2 User Stories

There are three main user stories for the Logistics and Marine Operations module,
correspondingto the three main project lifecycle phases, which can be expressed as follows:

1. Simple mode (cpxa):

a. As a project or technology developer, | would like to get a quick estimate of the
installation, maintenance and decommissioning plans that are specific to my
technology/project, featuring a list of activities, expected durations, weather
contingencies, costs, and infrastructure selection, in order estimate costs and
support component/project design decisions.

2. Full design mode (cpx2, cpx3):

a. Asa project or technology developer, | would like to get fully defined installation
and decommissioning plans that are specific to my technology/project, featuring
a list of activities, expected durations, weather contingencies, costs, and
infrastructure selection, inorder estimate costsand supportcomponent/project
designdecisions.

b. Asa project or technology developer, | would like to get maintenance plans that
are specific to my technology/project, based on component reliability, featuring
the list of O&M activities, expected durations, weather contingencies, costs, and
infrastructure selection, in order to support component/projectdesign decisions.

c. Asa policymaker, | would like to obtain high level installation, maintenance and
decommissioning plans featuring the list of activities in order to estimate total
installation duration and assess whether environmentally damaging activities
will be carried out.

d. As a project developer/technology developer/ policymaker, | would like to
visualize the lifecycle phase plans displayed as Gant charts.

3.7.3 Definition of the Verification Cases

Giventhat the logistic designs carried out within the LMO module require complex calculations
and long computation times, a reduced number of Verification Cases was defined to test the
module's functionalities. The module usability (i.e. GUI) will also be assessed qualitatively.

TABLE 3.50: VERIFICATION TESTS CONSIDEREDFORLMO
Test number VSa_VCa VSa_VC2VS1_VC3VS1 VC4VSa_VC 5|V52_VC1|VS 2_VC2 V52_VC3VS2_VC4VS2_VCg
Sandia Ref. mode| Ykt RMa1 RMa RMa RMa RM3 RM3 RM3 RM3 RM3
Complexity 3 3 2 1 1 3 3 2 1 1

No. devices 1 10 1 1 10 1 10 1 1 10
Floating | Floating | Floating | Floating | Floating
WEC WEC WEC WEC WEC

OEC type fixed TEC|fixed TE({fixed TE(fixed TEQfixed TEC

As shown in Table 3.50, a range of verification cases was defined with different device types,
number ofdevices, and defined project parametersaligning with the US DoE reference models
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(RM1 & RM3) where possible. Additionally, the tool should be tested at both low and full
complexity, with scenarios to allow comparisonbetween these cases.

To consider every permutation of these tests would result inan unmanageably large number of
verification cases, so a smaller subset waschosento cover as much ofthe variation as possible.
The final list of ten verification cases, five forRMa testcasesand five forRM3, was listed in Table
3.52and Table 3.55, respectively.

In order to run the LMO module, the RM1 device had to be broken down into the relevant
subsystems (pile and device), which will ultimately require specific installation operations. It
was assumed that the “device” was comprised of: i) the cross-arm and ii) the two nacelles. ft
was assumed that the device would be transported and installed as a whole ontop of the pile.

For transporting the devices, the device dimensions presented in Table 3.51 and illustrated
Figure 3.4 were considered. It was assumed that the device would be transported on the deck
ofavesselorbarge.

TABLE 3.51: SUMMARY OF INPUTS FROMMCFOR RM1

Length Width Height Mass Draft |
28m 83m 20m 37,200 kg 20m
48 m 83m
__________________ : 7 |
[ [ I [
[ [
I | ' |
| | | S— I . i —
2.4 m L h J2_4m 20m
S I ,l,, ‘.
| | I
| | | !
! q . '
28 m

FIGURE 3.4: REPRESENTATION OF THE RM1 DEVICE DIMENSIONS FORTRANSPORTATION
PURPOSES

In respect to maintenance, itis assumed thatin case of device failure, the device (both nacelles
and cross arm) is retrieved to port and serviced, and then redeployed after the maintenance
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activity has been completed. Component failures are generated by the RAMS module based on

the specified failure rates.

TABLE 3.52: LIST OF VERIFICATION CASES OF THE LOGISTICS AND MARINE OPERATIONS

MODULERELATED TO RMa
[Test number VS1.VCi  VS1.VC2  VS1VC3  VS1.VC4  VS1 VCs
lsandia Reference model RM1 RM1 RM1 RM1 RM1
|Too| complexity level 3 3 2 1 1
|Number of devices 1 10 1 1 10
|Ocean energy converter type P ClHI=E fixed TEC fixed TEC fixed TEC fixed TEC
|Insta||ation startdate 01/05/2020 | 01/01/2020 | 01/01/2020 May-20 May-20
|Maintenancestartdate 01/o5/2021 | o01/o5/2021 01/05/2021 May-20 May-20
|Project|ifetime 20 20 20 20 20
|Considerrepairatport TRUE TRUE TRUE TRUE TRUE
|Devicefu||ysubmerged TRUE TRUE TRUE TRUE TRUE
Tow draft (m) Not defined | Notdefined | Not defined | Not defined | Not defined
VENTRUTEN A Gy Not defined | Not defined 1.5 1.5 1.5
|WeatherWindowStatistics Median (p50) | Median (p50) [ Median (p5o) | Median (p50) | Median (p50)
|Vesse|statistics Median (p50) | Median (p50) [ Median (p5o) | Median (p50) | Median (p50)
|MDO price (€/ton) 515 Not defined | Not defined
S pecific Fu_el Oil 10 Not defined | Not defined
Consumption
|Loadfactor 0.8 Not defined | Not defined

|S ite Characterisation file

6_SC_inputsi.json

|Machine Characterisation file

1_MC_inputsi_a

|Ene rgy Ca pture file 2_EC_inputs1i_1 |2_EC_inputsi_2 2_EC_inputs1_1 2_EC_inputsi_2
|Ene (VARSI g E S I [Mls FT inputsy_ 1 [3_ET_inputsi_2 [3_ET_inputsi 3 [B_ET_inputsi_4 [B_ET_inputsi_g
|Ene rgy Deliveryfile ,_ED_inputsi_1 [4_ED_inputsi_2 |4_ED_inputsi_3 |4_ED_inputsi_g |4_ED_inputsi_s
|Station Keepingfile 5_SK_inputs1_1 [5_SK_inputsi_2 |5_SK_inputsi_3 |5_SK_inputsi_g [5_SK_inputs1_s
|Simu|ate installation TRUE TRUE TRUE TRUE TRUE
|Simu|ate maintenance TRUE TRUE TRUE TRUE TRUE
|Simu|ate decommissioning FALSE FALSE FALSE FALSE FALSE
|ROV/Divers ROVs ROVs ROVs N.D. N.D.
Filter terminals by:
:f;jtez(speriencein MRE FALSE FALSE Not defined [ Not defined | Not defined
|Drydock capabilities FALSE FALSE Not defined | Not defined | Not defined
|Slipway capabilities FALSE FALSE Not defined | Not defined | Not defined
|Avai|ab|e terminal area FALSE FALSE Not defined | Not defined | Not defined
Available crane capabilities FALSE FALSE Not defined | Not defined | Not defined
Quay I_qa.d bearing FALSE FALSE Not defined | Not defined | Not defined
capabilities
|Max distancetosite 1000 km 1000 km Not defined | Not defined | Not defined
| Operation methods:
| Devices
Device transportation Not defined [ Not defined
method i Dry Dry Dry
Device load-out method lift-away lift-away Not defined | Notdefined | Notdefined
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Foundations

|Pi|e transportation method
|Pi|e loadout method
[Pile installation method

|Anchors loadout method

|Cab|e burial method
|cable landfall method

dry

dry

Not defined

Not defined

D'_{I';'chan+

Not defined

lift-away

lift-away

Not defined

Not defined

Not defined

Vibro

[Not defined

Vibro
Anchors

Not defined

Collection points

Not defined

Not defined

[ Not defined

Not defined

Not defined

Not defined

Ploughing

Not defined

Not defined

Ploughing

Not defined

Not defined

Not defined

Not defined

Not defined

Not defined

ocCT

OoCT

Not defined

Not defined

Not defined

To run the LMO module, inputs related to the RM3 device were also compiled. It was assumed
that the device would be wet-towed to site. In case of PTO failure, it was considered that the
device is towed to site for repair. Rough estimates of the bollard pull requirements were
generated based on device geometry, as described in Deliverable D5.7 [13]. For transporting
the devices, the device dimensions presentedin Table 3.53 were considered.

TABLE 3.53: SUMMARY OF INPUTS FROM MC FOR RM3

Length
3om

Width
30m

Height
42m

Mass

680,000 kg

Draft

35m

TABLE 3.54: TOW DRAFT OFRM3 FORTHE TOWING OPERATION (CPX3)

i5m

TABLE 3.55: LIST OF VERIFICATION CASES OF THE LOGISTICS AND MARINE OPERATIONS

| Test number
| Sandia Reference model

| Complexity

| Number of devices

Ocean energy converter
type

| Installation startdate

| Maintenancestartdate

| Project lifetime

| Consider repairat port

| Device fully submerged

| Tow draft (m)
Maximum wave height Hs
(m)

Safety factorfor vessel
selection

MODULE RELATED TO RM3
VS2 VCa VS2 VC2 VS2_VC3 VS2_VCyq4 VS2_VCs
RM3 RM3 RM3 RM3 RM3
3 3 2 1 1
1 10 1 1 10
Floating WEC| Floating WEC| Floating WEC| Floating WEC | Floating WEC
01/05/2020 o01/01/2020 o1/o1/2020 May-20 May-20
01/05/2021 01/05/2021 01/05/2021 May-20 May-20
20 20 20 20 20
TRUE TRUE TRUE TRUE TRUE
FALSE FALSE FALSE FALSE FALSE
15 15 15 Not defined | Not defined
Not defined | Notdefined | Not defined 1.5 1.5
0.1 0.1 0.1 Not defined | Notdefined
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DO 0 515 Not defined | Not defined
e 0
: i 210 Not defined | Not defined
oad 0 0.8 Not defined | Not defined
do Median (p5o) | Median (p50) | Median (p50) | Median (p50) | Median (p5o)
Median (p5o) | Median (p50) | Median (p50) | Median (p50) | Median (p5o)
0 6_SC_inputs2.json
. 1_MC_inputs2_1
D 2_EC_inputs2_1|2_EC_inputs2_2 [2_EC_inputs2_3 | 2_EC_inputs2_4 | 2_EC_inputs2_4
0 0 3_ET_inputs2_a1 [3_ET_inputs2_2 | 3_ET_inputs2_3 | 3_ET_inputs2_¢4 | 3_ET_inputs2_4
4_ED_inputs2_1 |4_ED_inputs2_2 | 4_ED_inputs2_3 | 4_ED_inputs2_4 | 4_ED_inputs2_g
DING 5_SK_inputs2_1 | 5_SK_inputs2_2 | 5_SK_inputs2_3 | 5_SK_inputs2_4 | 5_SK_inputs2_g
0 TRUE TRUE TRUE TRUE TRUE
TRUE TRUE TRUE TRUE TRUE
deco 0 FALSE FALSE FALSE FALSE FALSE
ROV/D ROVs ROVs ROVs Not defined | Not defined
D
eI : FALSE FALSE | Notdefined | Notdefined | Not defined
Dryd nab FALSE FALSE Not defined | Notdefined | Notdefined
D pab FALSE FALSE Not defined | Notdefined | Notdefined
A ’ FALSE FALSE Not defined | Notdefined | Notdefined
A ab nab FALSE FALSE Not defined [ Notdefined | Notdefined
. . bagbeating FALSE FALSE Not defined | Notdefined | Not defined
0 1000 km 1000 km Not defined | Notdefined | Notdefined
Operatio 0C
' O
o€ o d PO - Wet Wet Wet Not defined | Notdefined
De d-o od lift-away lift-away Not defined | Notdefined | Notdefined
p DO 0 Not defined | Not defined | Notdefined | Notdefined | Notdefined
P d od Not defined | Notdefined | Notdefined | Notdefined | Notdefined
P 0 od Not defined | Not defined | Notdefined | Notdefined | Notdefined
A ors loado od lift-away lift-away Not defined | Notdefined | Notdefined
oad-o od N.D. N.D. N.D. N.D. N.D.
DO 0 od N.D. N.D. N.D. N.D. N.D.
dDIE
ble b od Ploughing Ploughing | Notdefined | Notdefined | Notdefined
h d od HDD HDD Not defined [ Notdefined | Notdefined
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3.7.4 Collection of data required

Running the verification cases in the Logistics and Marine Operations module requires a set of
input data, which were mostly collated fromthe Sandia reports, andinsome cases, synthesised
data sets were produced where real datawas not available.

The data requirements for the LMO module canbe summarised as follows:

» Projectinputs: inputs related to the device and project characteristics (see Table 3.56)

» Siteinputs: input datarelated to thesite, including lease area coordinates, bathymetry, and
met-oceantimeseries, as produced by Site Characterisation (see Table 3.57).

» External inputs: inputs produced from other modules, namely Machine Characterisation,
Energy Capture, Energy Transformation, Energy Delivery and Station Keeping (see
Table 3.58).

» Phaserequirements: optional inputs that include user preferences related to infrastructure
selection (see Table 3.60).

» Operation methods: optionalinputs relatedto the operational methods to be considered for
transporting and loading out devices and subsystems and pile installation methods (see

Table 3.59).
» Catalogue data: databases of port terminals, equipment, vesselsand operations (see Table
3.61)
TABLE 3.56: PROJECTINPUTS TABLE
Project inputs Default . Dataorigin Units \
Project start date Required User Dd/mm/yyyy
Maintenance start date3 Com.date User Dd/mm/yyyy
Project lifetime Required User years
Considerrepairat port False User Bool
Device is fully submerged False User Bool
Device towing draft Optional User m
Marine Diesel Oil (MDO) Fuel price 515 User €/ton
Specific Fuel Oil Consumption 210 User g/kWh
Average vessel load factor 0.8 User -
Weatherwindow statistics Median (P50) User -
Vessel clusterdimension statistics Median (P50) User -
Safety factor forvessel selection 20% User %
TABLE 3.57: SITEINPUTS TABLE
| siteinputs | Default Data origin Units
Site Characterisation input file

Met-ocean timeseries Required SC -

Site bathymetry Required SC -

Seabed characteristics Required SC -

3 The current version of LMO requests the maintenance start date from the user. However, in a next
version, the commissioning date will be considered as default (if the installation is considered for the
analysis).
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TABLE 3.58: EXTERNAL INPUTS TABLE
External inputs Default Data origin Units
Machine Characterisation input file

Device type Required MC WEC/TEC
Device topology Required MC Floating/Fixed
Device dimensions Required MC [m,m,m]
Device towing draft Optional User m
Device mass Required MC kg

Energy Capture input file

Number of devices Required EC -
Farm layout Required EC —
Hierarchy: Required ET -
Mass PTO_elect Required ET Kg
Mass PTO_mech Required ET Kg
Mass PTO_grid Required ET Kg
Total mass PTO Required ET Kg
PTO costselect Required ET €
PTO costsmech Required ET €
Total PTO costs Required ET €
Rated power Required ET kw
PTO failure rates Required ET 1/year
SKhierarchyfile Required SK -
Anchortypes Required SK -
Number of anchors per device Required SK -
Anchorheight Required SK m
Anchorwidth Required SK m
Anchorlength Required SK m
Anchormass Required SK Kg
Anchor soil type Required SK -
Anchor cost Required SK €
Mooring length Required SK m
Mooring mass Required SK Kg
Mooring diameter Required SK m
Mooring line cost Required SK €
Foundationtype Required SK -
Foundationheight Required SK Kg
Foundationdiameter Required SK Kg
Foundationlength Required SK €
Foundationmass Required SK €
Foundationburial Required SK €
Componentfailure rates Required SK 1/year
Energy Deliveryinput file

ED Hierarchy Required ED -
collectionPoint catalogue ID Required ED -
collection Pointlocation Required ED -
collectionPointtype Required ED -
collectionPoint costs Required ED €
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cable ID Required ED -
cable route Required ED -
cable length - ED m
cable burial depth - ED m
cable soil type Required ED -
cable type Required ED -
route split pipe Required ED -
route cable protectionmattress Required ED -
connector position Required ED -
connectortype Required ED -
connector cost Required ED €
connector catalogue ID Required ED -
umbilical position Required ED .
umbilical costs Required ED €
umbilical catalogue ID Required ED -
Componentfailure rates Required ED 1/year
TABLE 3.59: OPERATION METHODS INPUTS TABLE
| Operation methods Default | Dataorigin | Units
Device transportation method Dry User -
Device load-out method Lift-away User -
Pile transportation method Dry User -
Pile load-out method Lift-away User -
Anchors load-out method Lift-away User -
Collection point transportation method Dry User -
Collection point load-out method Lift-away User -
Cable burial method Required User/ED -
Cable landfall method OoCT User

TABLE 3.60: PHASE REQUIREMENTS TABLE

Filter port terminals according to:

Past experience inmarine energy False User -

Sufficient terminal area False User -

Available onshore crane capabilities False User -

Quay soil load bearing capacity False User -

Max port distanceto site 1,000 User km

TABLE 3.61: CATALOGUE TABLE

| Operation methods | Dataorigin | Units
Port terminals Catalogue -
Vessel: Vessel combinations Catalogue -
Vessel: Vessel clusters Catalogue -
Equipment: Cable burial Catalogue -
Equipment: Piling Catalogue -
Equipment:ROVs Catalogue -
Equipment: Divers Catalogue -
Operations (Installation, Maintenance, Decommissioning) Catalogue -
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4. ANALYSIS OF RESULTS
4.1 RUNNING THE VERIFICATION CASES: Site Characterisation (SC)

4£.1.1 Quantitative assessment

Atotal of 7 organisations completedthe verification processfor different features of the SCtool
(EDP, IDOM, NOVA, BV, SABELLA, AAU and EGP) and provided feedback. Figure 4.1 shows
the average scores acrossthe four categories of evaluation, highlighting an overall satisfaction
with the tool, withallaverage scores inthe range of 3-5.

5,00
4,50
2,00 3,90
3,50
3,00

2,50

MEAN SCORE

2,00

1,50

1,00

0,50

0,00
EVALUATION CATEGORIES

W 1. USABILTY  m2.USER-FRIENDLINESS 3. PERFORMANCE AND ACCURACY 4. VALUE

FIGURE 4.1: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS -SC

As shown in Figure 4.2, most of the verification participants (85%) were satisfied with the
usability of the SC tool. The majority of (75%) the respondents agree orstrongly agree that the
toolis generally user friendly. Around 70% (on average) of the respondents agree that the tool
shows performance and accuracy. Around 70% of the users considered that the toolis valuable,
while 12.5%disagree. Further analysis onthe results is described in the following sections.

| | |
1. USABILITY

2. USER-FRIENDLINESS

3. PERFORMANCE AND
ACCURACY

4. VALUE

T T T T T 1
o] 10 20 30 40 50 60 70 80 S0 100

Percentage of scores in each category

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

FIGURE 4.2: PERCENTAGE OF SCORES FOR THE FOURKEY CATEGORIES -SC
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4.1.1.1 Usability

The following statements have beenassessed inthe Usability category.

TABLE 4.1: ASSESSED USABILITY CRITERIA-SC
ID | Statement
1.1 | The software isintuitive and easy touse in general
1.2 | Itiseasyto create and delete a Study
1.3 | ltiseasyto edit, save and exporta Study
1.4 | The process of inputting datais clear and efficient
1.5 | Resultsare meaningful, easytointerpret anduse
1.6 | | could completethe processwithouterrors
1.7 | | am satisfied with the overall speed of computation
1.8 | The software can be run frommy computer without any issue
1.9 | The training sessions and documentation are useful for learning how touse the software

Figure 4.3 presents inthe form of stacked bars the user scores per each statement listed above.
The same results are presented in Figure 4.4 using a spider chart to highlight the mean,
maximum and minimum values.

% of scores

0% 20% 40% 60% 80% 100%

1.1 AN N M O M A N N A A

1.2 N N A N
o 13 S Y N Y
= S N S
g
S 15 [ S S S N S Y N A
E 16

. B S S A Y N
B —

17 /N A N Y

1.8 [ S N N

19 S S N A S

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

FIGURE 4.3: DISTRIBUTION OF USER SCORES PER FIGURE 4.4: MEAN, MAXIMUM AND
USABILITY STATEMENT -SC MINIMUM SCORES PER USABILITY
STATEMENT-SC

As shown in Figure 4.3, the users unanimously agree that the tool is easy to use and intuitive
(ID-1.1), and is easy to create and delete a study (ID-1.2). More than70% found the process of
editing, saving and exportinga study (ID-1.3) straightforward, and over 85% found the process
of inputting data (ID-1.4) clear and efficient, while the remainingis undecided. More than 85%
ofthe users find the results obtained meaningful and easy to interpret and use (ID-1.5), with the
restundecided. Over70% could runthe toolwithout any problem (ID-1.6) and over 85% of the
users are satisfied with the speed of computation (ID-1.7) and were able to run the software
without any issue (ID -1.8). It was identified that some organisations had issues with the speed
of computationand the running ofthe tool.

All users find the documentation and the training sessions led by the software developer useful
(ID-1.9, see Figure 4.4).

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 77331




D5.8 DTOcean+

Testing and verification results of the Deployment Design tools — beta
version

4.1.1.2 User Friendliness

The following criteria were used for the User Friendliness category:

TABLE 4.2: ASSESSED USER FRIENDLINESS CRITERIA -SC
ID | Statement
2.1 | The userinterfaceissimple, easy tonavigate and well-organised
2.2 | The userinterfacelooks professional
2.3 | It responds promptlyto useractions (inputs, selections, clicks...)
2.4 | It providesthe userwithenoughhelp, indications and/or guidance throughout each process
2.5 | The meaning of each datainput/user selectionis clear
2.6 | The meaning of each data outputis clear
2.7 | Visualisation of resultsis clear and informative
2.8 | The usercan add furtherinformationto the Study through the interface

Figure 4.5 presents inthe form of stacked bars the user scores per each statement listed above.
The same results are presented in Figure 4.6 using a spider chart, to highlight the mean,
maximum and minimum values.

% of scores

0% 20% 40% 60% 80% 100%

2.1

2.2
~23
E24
25
Eos MEAN
& 2.7 == = MAX

28 MIN

1-Strongly disagree 2-Disagree 3-Undecided 4-Agree 5-Strongly Agree
FIGURE 4.5: DISTRIBUTION OF USER SCORES PER FIGURE 4.6: MEAN, MAXIMUM AND
USER-FRIENDLINESS STATEMENT -SC MINIMUM SCORES PER USER-

FRIENDLINESS STATEMENT -SC

As shown in Figure 4.5, all of the respondents agree that the user interface is simple, easy to
navigate and well-organised (ID-2.1). However, almost 43% of the users agreed that the user
interface looks professional, with the same percentage undecided, and 14% disagree with the
statement ID-2.2. Over 85% of the users found that the tool responds promptly to user actions,
while the remainingare undecided (ID-2.3). Over half of the users say that the tool providesthe
user with enough help, indications and/or guidance throughout each process(ID-2.4), while the
remainingis undecided or disagrees. This highlights an improvement area for the next version.
The meaning of each data input/user selectionand data output s clear for the users, with over
70% of respondents agreeing with statements ID-2.5 and over 85% agreeing with ID-2.6.
According to respondents, the visualisation of results is clear and informative, with all
respondents agreeing with this statement (ID-2.7). The possibility of adding further information
to the study through the interface (ID-2.8) is disputed, with the majority of respondents
agreeing with this statement but almost 30% undecided or disagreeing.
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The spider diagram in Figure 4.6 shows no significant difference between the maximum and
minimum scores, apart from statement ID-2.4 and ID-2.8.

4.1.1.3 Performance and Accuracy

Before the quantitative analysis, it is important to state that the presented results are the
outcome of testing two features of the tool. The statements presented in Table 4.3 were
assessed regardingthe Performance and Accuracy ofthe tool.

TABLE 4.3: ASSESSED PERFORMANCE AND ACCURACY CRITERIA-SC

ID Statement

3.1 | Resultsare robustand notsensitive tosmall changes of inputs

3.2 | Resultsare credible and trustworthy forthe audience

3.3 | The accuracy of resultsis acceptable considering the granularity/complexity of data inputs used
3.4 | The accuracy of results corresponds to the user expectation for the stage of technology
maturity

3.5 | The computational timeisadequateforthelevelof accuracy provided

3.6 | The software did not suffer from any sort of data shortage/lack of memory duringthe test

3.7 | The software can handle errors without crashing

Figure 4.7 presents inthe form of stacked bars the user scores per each statement listed above.
The same results are presented in Figure 4.8 using a spider chart, to highlight the mean,
maximum and minimum values.

% of scores
0% 20% 40% 60% 80% 100%

31
o 3.2
533
w
s 34
E 3.5
g 3
“ 36

3.7

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

FIGURE 4.7: DISTRIBUTION OF USER SCORES PER FIGURE 4.8: MEAN, MAXIMUM AND
PERFORMANCE AND ACCURACY STATEMENT-SC  MINIMUM SCORES PER PERFORMANCE
AND ACCURACY STATEMENT -SC

Figure 4.7 shows that around 70% of the testers consider that: the results are robust and not
sensitive to small changes of inputs (ID-3.1); the results are credible and trustworthy (ID-3.2);
the accuracy of results is acceptable considering the quality of data inputs used (ID-3.3); the
accuracy of the results corresponds to the user expectation for the stage of the technology
maturity (ID-3.4); the computational time is adequate for the level of accuracy provided (ID-
3.5); and the software did not suffer from any sort of data shortage/lack of memory during the
test(ID-3.6). 57% agreed that the software can handle errors without crashing (ID-3.7), with
almost 30% disagreeing with this statement, highlighting some issues with running the tool.
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From the spider graph (Figure 4.8), the mean, maximum and minimum scores are balanced
regarding the performance and accuracy of this tool, except for statement ID-3.1, ID-3.2 and

ID-3.5.
4.1.1.4 Value

The following criteria presented in Table 4.4 were assessed regarding the Value ofthe tool.

TABLE 4.4: ASSESSEDVALUE CRITERIA-SC
ID | Statement
4.1 | The software allows the user full control of the design process
4.2 | It producesresultsthatallow easy comparisons
4.3 | It providesalarge range of alternatives tocreate/assess technologies
4.4 | The userisinformedaboutthe internal processing (e.g. remaining time, log) and warned about
potential inconsistencies
4.5 | The software meets my expectations in terms of results, graphical options, interaction, and
functionality
4.6 | 1 would recommendthe use of this software

Figure 4.9 presents inthe form of stacked barsthe user scores per each statement listed above.
The same results are presented in Figure 4.10 using a spider chart, to highlight the mean,
maximum and minimum values.
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FIGURE 4.9: DISTRIBUTION OFUSER SCORES PER FIGURE 4.10: MEAN, MAXIMUM AND
VALUESTATEMENT -SC MINIMUM SCORES PER VALUE
STATEMENT-SC

Analysing Figure 4.9 highlights that around half the users consider that the software allows the
user to fully controlthe designprocess (ID-4.1). Over 80% agree that the tool produces results
that allow easy comparisons (ID-4.2). For the range of alternatives to create/assess
technologies, around 60% of the users agree that the tool provides a large range (ID-4.3).
Around 40% ofthe users agree that the tool providesinformation about the internal processing
(e.g. remaining time, log), with almost half disagreeing (ID-4.4). Around 70% of the
respondents agree that the software meets their expectations in terms of results, graphical
options, interaction and functionality, while the rest are undecided (ID-4.5). More than 85% of
the users would recommend the use of this tool (ID-4.6).
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Figure 4.10 shows differences between the minimum (score — 2) and maximum (score — &)
scores for the same assessment criterion that can be explained with different perspectives and
expectations of the respondents.

4.1.2 Qualitative assessment

This section presents feedback from both technical and industrial verifiers gathered from their
Software Evaluation Forms. Comments have been grouped under three main categories:
Overall user experience, Unintended module performance, and Proposals for improvement. The
aim of this section is to guide the path for improvement of the Site Characterisation (SO
module.

4.1.2.1 Overall user satisfaction

Generally, the feedback indicated that the Site Characterisation (SC) module is straight forward
to use and relatively intuitive to fill out. However, the users highlighted that it did not provide
enough help, indications and/or guidance throughout each process. According to the
comments received, the following can be said about the overall user satisfaction:

» Ingeneral, the creation ofastudy and the process of inputting the data is clear and easy
to use. Despite the relatively long calculation process (about 5 minutes on average), the
results are meaningful and easy to interpret and use. The software does not have a
problem to run except for some errors, which are more likely caused by the lack of
resource allocated to the server.

» The module is user-friendly as its interface is simple to navigate and well-organised
while its look needs little improvement to become more professional. Despite the
needs for additional information, all input and output data is comprehensive enough,
and the visualisation of the results is clear and informative.

» In terms of performance and accuracy, the results are robust, credible and meet the
user expectations. However, the software needsimprovement to handle errors more
efficiently.

Despite that the module needs to add information about the calculation status (becauseofthe
long calculations), the users have recommended the module.

4.1.2.2 Unintended module performance

In general terms, the tool behaved as expected. However, the following unintended errorsin
the module’s performance were identified by some ofthe users:

» Some users encountered problems to run the module, which run indefinitely. It
happens to be caused by alack of resource also encountered in other modules.

» Problems were detected with a resolution of buttons that seem to overlap. This
occurred when zooming in on the browser used. The module is coded for two sizes of
screen, and it will be improved to take into account every possibility.

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 81331




D5.8 DTOcean+

Testing and verification results of the Deployment Design tools — beta
version

4.1.2.3 Proposals for improvement
GENERALREMARKS
The verifiers have identified the followingareas ofimprovement interms of general remarks:

P Thefeatureto exporttheresults to a PDF needs animprovement as it does not include

2DMaps.
» A particular result in a Verification Case was founded unrealistic, and checks are
recommended.
USABILITY

The verifiers have identified the following areas ofimprovement interms of usability:

P The feature to export to a PDF the results cause problems to one user who got the
following message: ‘This project was not run yet'. The feature needs to beimprove as
it should work properly.

» When no complexity level is provided, it is still possible to run the module. The
computationis launched and cannot be stopped, and the study cannot be deleted.

» Returnperiods could be found for waves but not for currents, which are necessary data
to designturbines. Making this available to the user is mandatory.

USER-FRIENDLINESS
The verifiers have identified the following areas ofimprovement interms of user -friendliness:

» Keytoall abbreviations/acronymsand/or direct links to a glossary or appropriate user
manvual page for calculations reference should be included in the Graphical User
Interface.

» Inthe Waves and the Current pages, the array'svariablesshould be clearly stated tothe
user as some of them may not be things usually used by all the users.

» Areference, the site name, or description indicating the site studied on the Overview
page could be great.

» Theuserisnotallowed to provide their own site at the moment. This feature needs to
beincluded in the module.

» Add information and/or help buttons to help the user understand the module's inputs
and outputs.

» Addunits ofall displayed variables.

P Theresolution of a screen or a zoom on the browser usedcould impact the displaying
ofthe Graphical User Interface and needs to be improved.

v

Include more information about the used inputs.
Improvement of the export to PDF feature by addingmore information.

»
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PERFORMANCE AND ACCURACY

The verifiers have identified the following areas ofimprovement interms of performance and
accuracy:

» Include acheck of the input consistency.
» Lackofinformationaboutthe input data utilised when running the module.

VALUE
The verifiers have identified the followingareas ofimprovement interms of value:

» Moreinformationabout the calculationtime remaining needs to be included.

413 ldentifying and solving inconsistencies

TABLE 4.5: HIGH PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OF
SC

‘ Issue ‘ Resolution

Include all abbreviations/acronyms, and/or
direct links to a glossary or appropriate page This will be implemented
ofthe user manualfor calculations reference.

In the Waves and the Current pages, the
array's variables shouldbe clearly stated to o ,
_ This will be implemented
the user because Cge, Spr may not be things

usually used by all the users.

Include a check of the input consistency. This will be implemented

Add 2DMaps to the export to PDF feature

_ , This functionality will be improved
and improve its robustness.

Some information will be added such as
Add informationabout the used inputdata. | plot and basic information to make it more
understandable

Include the possibility to import its own This will be implemented as soon as
databases possible in the module.

The results of a particular Verification Case

. The calculation will be checked
seems unrealisticand needs to be checked.

When no Complexity Levelis provided, it is Security will be included to avoid this
still possible to runthe module. The
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computationis launched and cannot be
stopped, and the study cannot be deleted.

The RM1-SCy4 scenario values for return
periods are available for waves, but not for
currents, which are necessary data to design
turbines. Makingthis available to the user is
mandatory. The graphs plotted are nice, but
the statistical values are not realistic for these
tests

This new statistic will be implemented, and
a check will be performed on the
calculation of this case

Add informationand/orhelp buttons to help
the user understand inputs and outputs of the
module

This will be implemented

TABLE 4.6: LOW PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OF SC
‘ Issue

Include informationabout the remainingtime
ofthe calculation

Resolution

This will be updated to include a progress
bar

Addingcomparisons between different
geographical sites might be considered for
future developments ofthe module.

Implemented if possible

Resolve the problem to runthe module and
reachthe end of the calculation.

This problem was more likely due to a lack
ofresource allocated inthe server.
However, this problem willbe monitored
to seeif it persists.

Make the interface more professional

The interface will be improved

Problem withthe resolution of the explorer.
Somme button are overlapped whenthe
window is zoomed

This will be improved

Magand Theta should be further defined and
could evenbe presented ina compass-like
plot with North, East...

The plot will be modified ifit is in
accordance withallusage ofthe module

When only one pointis selected for the
graphs, the choice made should be specified
(forinstance, the height chosenfor currents,
orifit’'san average over height etc.). Maybe

the author is supposed to know it because the

More information will be implemented
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input data is already averaged over height,
butit could be specified anyway in the
exported file (or at least the input chosen).

Allow the userto export results under an
Excel file in additionto the PDF format,
particularly for the MAG-THETA or Hs-Tp/ Hs- Will be implemented if possible
Dp plots with discretization steps that would
be defined by the user

Add more informationaboutinput onthe

Will be implemented if possible
export PDF

TABLE 4.7: ISSUES THAT WILLNOT BE IMPLEMENTED IN THE BETA VERSION OF SC
Resolution and Explanation why it will not be

implemented

This will not be included in the beta version
Reduce the time ofthe computation dueto alack oftime but will be considered
in future development ofthe tool
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4.2 RUNNING THE VERIFICATION CASES: Machine Characterisation
(MQ)

4.2.1 Quantitative assessment

A total of 6 organisations completed the verification process for the different features of the
MC module (NOVA, Sabella, FEM, EGP, EDP, BV) and provided feedback by the Software
Evaluation Form.Figure 4.11 shows the average scores across the four categories of evaluation,
highlighting an overall satisfaction from using the tool, as all average scores are within the
range of 3,50 4,5.

4,04

MEAN SCORE
)
S

EVALUATION CATEGORIES

W 1. USABILITY M 2. USER-FRIENDLINESS m 3, PERFORMANCE AND ACCURACY 4 VALUE

FIGURE 4.112: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS - MC

As shown in Figure 4.12, most of the verification participants (>70%) were satisfied with the
usability of the MC tool. The majority of (almost 60%) the respondents agree or strongly agree
that the toolis generally user friendly. Around 60% (on average) of the respondents agree that
the tool shows performance and accuracy. Around 60% of the users considered that the tool is
valuable, while around 20%disagree. Furtheranalysis of the resultsis described in the following
sections.

Usability

User Friendliness

Performance & Accuracy

Value

0 10 20 30 40 50 60 70 80 90 100

Percentage of scores in each category

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

FIGURE 4.12: PERCENTAGE OF SCORES FOR THEFOURKEY CATEGORIES - MC

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 86 |331




Ds5.8 DTOcean+
Testing and verification results of the Deployment Design tools — beta A —

version

4.2.1.1 Usability

The following statements have been set as criteria for assessing the MC tool in terms of
the Usability category.

TABLE 4.8: ASSESSED USABILITY CRITERIA - MC

ID | Statement

1.1 |The software isintuitive and easy touse in general

1.2 [ltiseasyto create and deletea Study

1.3 [ltiseasyto edit, save and exporta Study

1.4 [The processofinputting datais clearand efficient

1.5 [Resultsare meaningful, easy tointerpret anduse

1.6 |l could completethe process withouterrors

1.7 [l amsatisfied with the overall speed of computation

1.8 [The software can be run from my computer without any issue

1.9 [The training sessions and documentation are useful forlearning how touse the software

Figure 4.13 presents inthe form of stacked bars the user scores per each statement listed above.
The same results are presented in Figure 4.14 using a spider chart, to highlight the mean,
maximum and minimum values.
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FIGURE 4.13: DISTRIBUTION OF USER SCORES PER FIGURE 4.14: MEAN, MAXIMUM AND
USABILITY STATEMENT - MC MINIMUM SCORES PER USABILITY
STATEMENT - MC

All the users strongly agree that it's easy to create a study and delete it (ID-1.2). Also, around
80% agree or strongly agree that: the toolis easy to use ingeneral (ID-1.1); the overall speed of
computationis satisfactory (ID-1.7); the software canbe run from their computer without any
issue (ID-1.8); the training sessions and documentation are useful for learning how to use the
software (ID-1.9). The remaining respondents are undecided for ID-1.1, ID-1.7 and ID-1.8, and
disagreeonID-1.9.

Two thirds of the users considered it's easy to edit, save and export a study, while one third
disagreed or are undecided (ID-1.3). 50% of the usersagree or strongly agree that inputting data
is clear and efficient (ID-1.4); could complete the process without errors (ID-1.6). The other half
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ofthe respondents are undecided or strongly disagree with ID-1.4 and are undecided forID-1.6.
About the ID-1.5 “the results are meaningful, easy to interpret and use”, 40% of the users
strongly agree withit, and the other 60% are undecided onthis criterion.

From the spider graph, it's possible to see that all the mean values of the criteria are always
placed above 3. One note for the consensus achieved oncriterion ID-1.2 —all the users strongly
agree with this.

4.2.1.2 User Friendliness

The following statements have been set ascriteria for assessingthe MCtoolinterms of the User
Friendliness category.

TABLE 4.9: ASSESSED USER FRIENDLINESS CRITERIA - MC
2.1 |The userinterfaceissimple, easy tonavigate and well-organised
2.2 |The userinterfacelooks professional
2.3 |lt responds promptly to useractions (inputs, selections, clicks, ...)
2.4 |lt providesthe userwithenoughhelp, indications and/or guidance throughout each process
2.5 |The meaning of each datainput/user selectionis clear
2.6 |The meaning of each data outputis clear
2.7 [Visualisation of resultsis clearand informative
2.8 |The usercan add furtherinformationto the Study through the interface

Figure 4.15 presents in the form of stacked bars the user scores per each statement listed
above. The same results are presented in Figure 4.16 using a spider chart, to highlight the mean,
maximum and minimum values.
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FIGURE 4.15: DISTRIBUTION OF USER SCORES PER FIGURE 4.16: MEAN, MAXIMUM AND
USER-FRIENDLINESS STATEMENT - MC MINIMUM SCORES PER USER-
FRIENDLINESS STATEMENT - MC

All the users strongly agree or agree that the tool responds promptly to user actions (inputs,
selections, clicks, ...) (ID-2.3). Two thirds ofthe respondents consideredthat the tool provides
the user interface looks professional (ID-2.2), and the user can add further information to the
Study throughthe interface (ID-2.8). In contrast, the remaining ones are undecided or strongly
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disagree for criterionID-2.2 and are undecided or disagree for criterion ID-2.8. More than 8o%of
the users agree or strongly agree that the user interface is simple, easy to navigate and well-
organised (ID-2.1). The others were undecided.

About ID-2.6and ID-2.7, 40% of the users considered that each data output's meaningis clear,
and the visualisation of results is clear and informative, while the other 60% were undecided.
Half ofthe users agree or strongly agree that the meaning of each data input/user selectionis
clear (ID-2.5) and the other half is undecided or disagree. Just 17% of the respondents
considered that the tool provides enough help, indications and/or guidance thro ughout each
process (ID-2.4), while the majority is undecided or disagree onthis.

From the spider graph, it's possible to gauge that the average classification in all the criteria
was satisfactory despite the low minimum value registered oncriterion ID-2.2.

4.2.1.3 Performance and Accuracy

The following statements have been set as criteria for assessing the MC tool in terms of
the Performance and Accuracy.

TABLE 4.10: ASSESSED PERFORMANCE AND ACCURACY CRITERIA - MC
3.1 [Resultsare robustand notsensitive tosmall changes of inputs
3.2 [Resultsare credible and trustworthy forthe audience
3.3 [The accuracy of resultsis acceptable considering the granularity/complexity of datainputs used
3.4 |The accuracy of results corresponds to the user expectation for the stage of technology maturity
3.5 [The computational timeis adequate forthelevelof accuracy provided
3.6 [The software did not suffer from any sort of data shortage/lack of memory duringthe test
3.7 [The software can handle errors without crashing

Figure 4.17 presents inthe form of stacked bars the userscores per each statement listed above.
The same results are presented in Figure 4.18 using a spider chart, to highlight the mean,
maximum and minimum values.
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About 60% ofthe user considered that: Resultsare robust and not sensitive to small changes of
inputs (ID-3.1); Results are credible and trustworthy for the audience (ID-3.2); the accuracy of
results is acceptable considering the granularity/complexity of data inputs used (ID-3.3); the
accuracy of results corresponds to the user expectation for the stage of technology maturity
(ID-3.4). The remaining users are undecided for these criteria, with a slight difference in
criterionID-3.2— 20% ofthe respondents disagree.

On criterionD-3.5, half of the users agree that the computational time is adequate forthe level
of accuracy provided, while the other half was undecided. 80% of the respondents agree or
strongly agree that the software did not suffer from any sort of data shortage/lack of memory
during the test (ID-3.6) and the other 20% disagree on this. Finally, two thirds of the users
strongly agree that the software can handle errors without crashing (ID-3.7), while the rest are
undecided or disagree onthis.

From the spider chart and consideringthe meanvalues, we can state that the results obtained
in this criteria assessment werealways above 3—Undecided.

4.2.1.4 Value

The following statements have been set as criteria for assessing the MC tool in terms of
the Value.

TABLE 4.11: ASSESSED VALUE CRITERIA - MC

ID | Statement

4.1 [The software allows the userfull control of the designprocess

4.2 (It producesresultsthatallow easy comparisons

4.3 |It providesalarge range of alternatives tocreate/assess technologies

4.4 |The userisinformed about the internal processing (e.g. remaining time, log) and warned about
potential inconsistencies

4.5 |The software meets my expectations in terms of results, graphical options, interaction, and
functionality

4.6 [l would recommendthe use of this software

Figure 4.19 presents in the form of stacked bars the user scores per each statement listed
above. The same results are presented in Figure 4.20 using a spider chart, to highlight the
mean, maximum and minimum values.
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Less than 20% disagree onthat: the software allows the user full control of the design process
(ID-4.1); the tool provides a large range of alternatives to create/assess technologies (ID-4.3);
that the software meets the expectations intermsofresults, graphical options, interaction, and
functionality (ID-4.5); would recommendthe use of this software (ID-4.6).

On criterionID-4.2, 40% of the users agree or strongly agree that the tool producesresultsthat
allow easy comparisons, 40% are undecided, and 20% disagree. 60% of the respondents agree
orstrongly agree that the user is informed about the internal processing (e.g. remaining time,
log) and warned about potentialinconsistencies (ID-4.4), while the remaining 40% disagree on
this.

From the spider chart, we can see that the opinions on these criteria were far from consensus.
It was registered a minimum value of 2 and a maximum value of 5 in all the criteria. This could
be justified with the different expectations ofthe user regardingthe Value ofthe tool.

4.2.2 Qualitative assessment

This section presents feedback from both technical and industrial verifiers gathered from their
Software Evaluation Forms. Comments have been grouped under three main categories:
Overall user experience, Unintended module performance, and Proposals for improvement. The
aim of this sectionis to guide the path for improvement of the Machine Characterisation (MCQ)
module.

4.2.2.1 Overall user satisfaction

Generally, the feedback indicated that the Machine Characterisation (MC) module flow could
be improved to facilitate the user process. The users highlighted that the GUI did not provide
enough help, indications and/or guidance throughout each process. According to the
comments received, the following canbe said about the overall user satisfaction:

» In general, creating a study and the process of inputting the data should be improved;
for example, some fields miss the units, and others can be represented graphically to
easethe understanding.

» The module is pretty user-friendly as its interface is simple to navigate and well-
organized while its look needs little improvement to become more professional.
Despite the needs for additional information, all input and output data is
comprehensive enough, and the results' visualisation is clear and informative.

» Interm of performance and accuracy, the resultsare robust, credible and meet the user
expectations. However, the software needs improvement to handle errors more
efficiently.

P Forthe long calculation case, the user is not informed about the actual status of the
calculation; this leads to confusion on whether the process is running or failing.
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4.2.2.2 Unintended module performance

In general terms, the tools behaved as expected. However, the following unintended errorsin
the module’s performance were identified by some ofthe users:

» Forthetidal case ata high complexity level, the user could not select the cutin and cut
outvelocity dueto a bugin the code.

Thereis, although, interference betweenthe Machine Characterisation and the Energy Capture
module inthe set-up of the background calculationthat must be addressed.

4.2.2.3 Proposals for improvement

GENERAL REMARKS
The verifiers have identified the following areas ofimprovement interms of general remarks:
» The featureto save the results to the file did not work properly.

In general, the users did not understand that the MC module does not have calculation, apart
from the case of wave energy converters at complexity 3. This should be made more explicit in
the documentation or training sessions.

USABILITY
The verifiers have identified the following areas ofimprovement interms of usability:

» The interface misses a proper definition of the variable or/and units. This makes the
overall process difficult to complete.

USER-FRIENDLINESS
The user-friendliness follows the comments of the software usability.

» The lack of clear definition and units of the different inputs hinders the interface
usability.

PERFORMANCE AND ACCURACY

The MCmodule only has a calculation for the wave case at complexity 3. Forthat case, the main
comment from the usersis:

» The computationtimeistoo long.
VALUE
The verifiers have identified the following areas ofimprovement interms of value:

» More information about the remaining calculation time and the validity of the inputs
needsto beincluded.
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4.2.3 Identifying and solving inconsistencies

TABLE 4.12: HIGH PRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF

MC

Issue Resolution

Include all abbreviations/acronymsand/ordirect
links to a glossary or appropriate page of the user
manual for calculations reference.

This will be implemented

Clarify the study flow to the user. Calculationor no
calculation!

This will be implemented

Include a check of the input consistency.

This will be implemented

Include the study title inthe study view

This functionality will be improved

Improve the export and import study functionality

This functionality will be improved

Add informationand/orhelp buttons to helpthe
user understand inputs and outputs of the module

This will be implemented

Cut-in cut-out velocity slider bug

This bug will be fixed

Include moreinformationforthe user for the case
of wave energy converter at complexity 3

Although complex, the developer will
try his best to helpthe userin the
process.

Problem with negative Moment of Inertia

This bug will be fixed

The model pageis slow to render

This functionality will be improved

Add coordinate systemdefinition

This will be implemented

TABLE 4.13: LOW PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION MC

Resolution

Include information about the remainingtime of
the calculation

This will be updated to include a
progress bar

TABLE 4.14: ISSUES THAT WILLNOT BE IMPLEMENTED IN THE BETA VERSION OF MC

Issue Resolution

Responsive layout

The layoutis intended to be seeninfull

screen.
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4.3 RUNNING THE VERIFICATION CASES: Energy Capture (EC)

4.3.1 Quantitative assessment

Atotal of 7 organisations completedthe verification processfor different features of the EC tool
(EDP, IDOM, NOVA, BV, SABELLA, WAVEC and EGP) and provided feedback. Figure 4.21
shows the average scores across the four categories of evaluation, highlighting an overall
strongsatisfaction withthe tool, withall average scores inthe range of 4-5.
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FIGURE 4.21: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS - EC

As shownin Figure 4.22, most of the verification participants (>90%) were satisfied with the EC
tool's usability. The majority of (>75%) the respondents agree or strongly agree that the toolis
generally user friendly. Almost 9o% (on average) of the respondents agree that the tool shows
performance and accuracy. The majority of users considered thatthe tool is valuable, while only
just over 2%disagree. Further analysis of the results is described in the following sections.
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FIGURE 4.22: PERCENTAGE OF SCORES FOR THE FOUR KEY CATEGORIES - EC
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4.3.1.1 Usability

The following statements have beenassessed inthe Usability category.

TABLE 4.15: ASSESSED USABILITY CRITERIA - EC
ID | Statement
1.1 |The software isintuitive and easy touse in general
1.2 [ltiseasyto create and deletea Study
1.3 |[ltiseasyto edit, save and exporta Study
1.4, |The processofinputting datais clearand efficient
1.5 [Resultsare meaningful, easy tointerpret anduse
1.6 |l could completethe process withouterrors
1.7 |l am satisfied with the overall speed of computation
1.8 |The software can be run frommy computer without any issue
1.9 |The training sessions and documentation are useful forlearning how touse the software

Figure 4.23 presents in the form of stacked bars the user scores per each statement listed
above. The same results are presentedin Figure 4.24 usinga spider chart, to highlight the mean,
maximum and minimum values.

% OF 5CORES

STATEMENT ID
=
in

J1a
7’
e M EAN
7’ - MAX
MIN

1-Strongly disagree 2-Diszgree F-Undecided  w4-Agree  m 5-Strongly Agree

FIGURE 4.23: DISTRIBUTION OF USER SCORES PER FIGURE 4.24:MEAN, MAXIMUM AND
USABILITY STATEMENT - EC MINIMUM SCORES PER USABILITY
STATEMENT - EC

As shown in Figure 4.23, the users unanimously agree that the toolis easy to use and intuitive
(ID-1.1) and is easy to create and delete a study (ID-1.2). More than 80% found the process of
editing, saving and exporting a study (ID-1.3) straightforward, and found the process of
inputting data (ID-1.4) clear and efficient, while the remaining is undecided. The same
percentage of the users also find the results obtained meaningful and easy to interpret and use
(ID-1.5) and could run the tool without any problem (ID-1.6). All of the users are satisfied with
the computationspeed (ID-1.7), and more than 80% were able to runthe software without any
issue (ID -1.8). All of the users find the documentation and the training sessions led by the
software developer useful (ID-1.9). As shown in Figure 4.24, all responses gave a high score
across all Usability statement.
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4.3.1.2 User Friendliness

The following statements have been assessed inthe User friendliness category.

TABLE 4.16: ASSESSED USER FRIENDLINESS CRITERIA - EC

ID | Statement
2.1 |Theuserinterfaceissimple, easy tonavigate and well-organised
2.2 |Theuserinterfacelooks professional
2.3 |lt responds promptly to useractions (inputs, selections, clicks, ...)
2.4 |It providesthe userwithenoughhelp, indications and/or guidance throughout each process
2.5 |The meaning of each datainput/user selectionis clear
2.6 |The meaning of each data outputis clear
2.7 |Visualisation of resultsis clearand informative
2.8 |The usercan add furtherinformationto the Study through the interface

Figure 4.25 presents in the form of stacked bars the user scores per each statement listed
above. The sameresultsare presentedin Figure 4.26 using a spider chart to highlight the mean,
maximum and minimum values.
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As shown in Figure 4.25, all the respondents agree that the user interface is simple, easy to
navigate and well-organised (ID-2.1). However, 57% ofthe users agreed that the user interface
looks professional, with the rest undecided and 14% disagreeing with the statement (ID-2.2).
100% of the users found that the tool responds promptly to user actions (ID-2.3). Over half of
the users say that the tool provides the user with enough help, indications and/or guidance
throughout each process (ID-2.4), while the remaining is undecided or disagrees. This
highlights an improvement area for the next version. The meaning of each data input/user
selection and data output is clear for the users, with over 70% of respondents agreeing with
statements ID-2.5 and over 80% agreeing with ID-2.6. The Visualisation of results is clear and
informative according to 71% of respondents who agree with this statement (ID-2.7). The
majority of respondents agree that there is a possibility of adding further information to the
study throughthe interface (ID-2.8), but almost 30% are undecided or disagree.

The spider diagram in Figure 4.26 shows no significant difference betweenthe maximum and
minimum scores for around halfthe statements.
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4.3.1.3 Performance and Accuracy

The following statements have been assessed inthe Performance and Accuracy category.

TABLE 4.17: ASSESSED PERFORMANCE AND ACCURACY CRITERIA -EC

ID | Statement
3.1 |Resultsare robustand notsensitive tosmall changes of inputs
3.2 [Resultsare credible and trustworthy forthe audience
3.3 |The accuracy of resultsis acceptable considering the granularity/complexity of datainputs used
3.4 |The accuracy of results corresponds to the user expectation for the stage of technology maturity
3.5 |The computational timeis adequate forthe levelof accuracy provided
3.6 |The software did not suffer from any sort of data shortage/lack of memory duringthe test
3.7 |The software can handle errors without crashing

Figure 4.27 presents inthe form of stacked barsthe userscores per each statement listed above.
The same results are presented in Figure 4.28 using a spider chart to highlight the mean,
maximum and minimum values.
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Figure 4.27 shows that over 80% of the testers consider that the results are robust and not
sensitive to small changes of inputs (ID-3.1) and the accuracy of results is acceptable
consideringthe quality of data inputs used (ID-3.3). All users agreed the results are credible and
trustworthy (ID-3.2), with around 70% agreeing the accuracy of the results correspondsto the
user expectationfor the stage of the technology maturity (ID-3.4). All of the users agreed that
the computationaltime is adequate for the level of accuracy provided (ID-3.5); the software did
not suffer from any sort of data shortage/lack of memoryduringthe test (ID-3.6). Around 70%
agreed that the software can handle errors without crashing (ID-3.7), with almost 30%
undecided with this statement, highlighting some issues with running the tool, which may or
not be caused by the module itself.

From the spider graph (Figure 4.28), the mean, maximum and minimum scores are balanced
regardingthe performance and accuracy ofthis tool.
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4.3.1.4 Value

The following statements have been assessed inthe Value category.

TABLE 4.18: ASSESSED VALUE CRITERIA - EC
ID | Statement
4.1 |The software allowsthe userfull control of the design process
4.2 |lt producesresultsthatallow easy comparisons
4.3 |lt providesalarge range of alternatives tocreate/assess technologies
4.4 |The useris informed about the internal processing (e.g. remaining time, log) and warned about
potential inconsistencies
4.5 |The software meets my expectations in terms of results, graphical options, interaction, and
functionality
4.6 |l would recommendthe use of this software

Figure 4.29 presents in the form of stacked bars the user scores per each statement listed
above. The same resultsare presented in Figure 4.30 using a spider chart to highlight the mean,
maximum and minimum values
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Analysing Figure 4.29, over 80% of the users consider that the software allows the user full
control ofthe design process (ID-4.1). 100% agree that the tool produces results that allow easy
comparisons (ID-4.2). For the range of alternatives to create/assess technologies, over80% of
the users agree that the tool providesa large range (ID-4.3). Around 40% of the users agree that
the tool providesinformationaboutthe internal processing (e.g. remaining time, log), with over
half disagreeingor undecided (ID-4.4). This can be a point ofimprovement for the next version
of the module. Around 70% of the respondents agree that the software meets their
expectations in terms ofresults, graphical options, interaction and functionality, while the rest
are undecided (ID-4.5). More than70% of the users would recommend the use of this tool (ID-

4.6).

Figure 4.30 shows differences between the minimum (score — 2) and maximum (score — 5) for
statement ID-4.4, whichshould be explored for future versions.
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4.3.2 Qualitative assessment

This section presents feedback from both technicaland industrial verifiers gathered from their
Software Evaluation Forms. Comments have been grouped under three main categories:
Overall user experience, Unintended module performance, and Proposals for improvement. The
aim of this sectionis to guide the path forimprovement ofthe Energy Capture (EC) module.

4.3.2.1 Overall user satisfaction

Generally, the feedbackindicated that the Energy Capture (EC) module flow can be improved
to facilitate the user process. The users highlighted that the GUI did not provide enough help,
indications and/or guidance throughout each process. According to the comments received,
the following can be said about the overall user satisfaction:

» In general, the creation of a study and the process of inputting the data should be
improved; the variables can be represented graphically to ease the understanding.

» The module is pretty user-friendly as its interface is simple to navigate and well-
organized while its look needs little improvement to become more professional. The
results are quite comprehensible, but the additional output should be included to
improve the user experience.

The results are robust and meetuser expectations.

The software needs improvement to handle errors more efficiently.

Once the calculation is launched, the user is not informed about its status, leading to
confusion.

4.3.2.2 Unintended module performance

In general terms, the tools behaved as expected. However, the following unintended errors in
the module’s performance were identified by some ofthe users:

» The farm layout input is not correctly represented in the table on the reload. Further,
using a comma or dot-separated excel value is not correctly caught.

P If the userselects an optimisation strategy and then goes back to the verification case
with a specific layout, the system will still perform an optimisation action.

P Thereisaninteractionbetweenthe ECand MClongcalculation processes that must be
solved.
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4.3.3 Identifying and solving inconsistencies

TABLE 4.19: HIGH PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OF
EC

Issue Resolution

Include all abbreviations/acronymsand/or
directlinks to a glossary or appropriate page This will be implemented
ofthe user manual for calculations reference.

The farm layout table does not render the

data correctly and cannot be modified This will be implemented

Include a check of the input consistency and o ,
] This will be implemented
improve the message error.

Include feedback onthe calculation status This functionality will be improved

Addthe proJECttlt:et_f the study page for This functionality will be improved
clarity.

Improve site and machine upload summary

_ This functionality will be improved
view

Use meaningful units and rounded number This functionality will be improved

TABLE 4.20: LOWPRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF

EC
‘ Issue ‘ Resolution
Include the orientationangle for each The feasibility of thisimprovement must
machine be verified first
The feasibility of thisimprovement must
Change the input files from json to excel y . p
be verified first
Improve the help section The interface will be improved

Make the interface more professional

(although this commentis hard to The interface will be improved

understand)
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4.3.3.1 Proposals for improvement
GENERALREMARKS
The verifiers have identified the followingareas ofimprovement interms of general remarks:

P The system doesnot considerthe Beltz limit for a free stream tidal turbine.
» The study page should report the study title and not only the study ID.

USABILITY
The verifiers have identified the following areas ofimprovement interms of usability:

» The interface misses a proper definition of the variable or/and units. This makes the
overall process difficult to complete.
P The farmlayouttable has several bugs and must be changed completely.

USER-FRIENDLINESS
The user-friendliness follows the comments of the software usability.

The lack of clear definition and units of the different inputs hinders the interface usability. In
addition, the user gave some additional comments:

P The interface misses a proper definition of the variable or/and units. This makes the
overall process difficult to complete.
The farm layout table has several bugs and must be changed completely.
The machine and site views are updated only at reload

» The variable must be rounded to reasonable digits and avoid to use Billion but mostly
MW, KW or GW.

» The error message from the file upload is unreadable.

PERFORMANCE AND ACCURACY

The user comments from performance and accuracy were somehow positive; one user
expressed his/her doubt that the g-factor for the tidal machine was not 1. This comment must
be further investigated.

VALUE
The verifiers have identified the following areas ofimprovement interms of value:

» It could be nice to allow the user to specify each device's orientation angle instead of
using a global value.
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4.4 RUNNING THE VERIFICATION CASES: Energy Transformation (ET)

4.4.1 Quantitative assessment

A total of 6 organisations completed the verification process for different features of the ET
tool (EDP, IDOM, UEDIN, Sabella, EGP, and BV) and provided feedback. Figure 4.31Figure 4.1
shows the average scores across the four categories of evaluation, highlighting an overall
satisfactionwiththe tool, withallaverage scores inthe range of 3-5.
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FIGURE 4.31: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS - ET

As shownin Figure 4.32, most of the verification participants (over go%) were satisfied with the
usability of the ET tool. The majority of (almost 70%) the respondents agree or strongly agree
that the toolis generally user friendly. Almost70% (in average) of the respondents agree that
the tool shows performance and accuracy. Around 65% of the users considered that the tool is
valuable, while almost 20% disagree. Furtheranalysis of the results is described in the following
sections.
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FIGURE 4.32: PERCENTAGE OF SCORES FOR THE FOURKEY CATEGORIES -ET
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4.4.1.1 Usability

The following statements have beenassessed inthe Usability category.

TABLE 4.21: ASSESSEDUSABILITY CRITERIA - ET
ID | Statement
1.1 | The software isintuitive and easy touse in general
1.2 | ltiseasyto create and delete a Study
1.3 | ltiseasyto edit, save and exporta Study
1.4 | The process of inputting datais clearand efficient
1.5 | Resultsare meaningful, easytointerpret anduse
1.6 | | could completethe processwithouterrors
1.7 | | am satisfied with the overall speed of computation
1.8 | The software can be run frommy computer without any issue
1.9 | The training sessions and documentation are useful for learning how touse the software

Figure 4.33 presents inthe form of stacked bars the userscores per each statement listed above.
The same results are presented in Figure 4.34Figure 4.4 using a spider chart to highlight the
mean, maximum and minimum values.
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USABILITY STATEMENT - ET MINIMUM SCORES PER USABILITY
STATEMENT-ET

As shownin Figure 4.33, most users (over 80%) agree that the toolis easy to use and intuitive
(ID-1.1), with every user agreeing that it is easy to create and delete a study (ID-1.2). All of the
users found the process of editing, saving and exporting a study (ID-1.3) straightforward, and
over 80% found the process of inputting data (ID-1.4). More than 85% of the users find the
results obtained meaningful and easy to interpret and use (ID-1.5), with the rest strongly
disagreeing. This is an area to look at for improvement. All of the users could run the tool
without any problem (ID-1.6), were satisfied with the speed of computation (ID-1.7) and were
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able to runthe software without any issue (ID -1.8). All of the users find the documentation and
the training sessions led by the software developeruseful (ID-1.9).

As shownin Figure 4.34, the range of response from users was ingeneral balanced, apart from
statement ID1.1, 1.4, and 1.5, which should be addressedin the next version ofthe tool.

4.4.1.2 User Friendliness

The following criteria were used for the User Friendliness category:

TABLE 4.22: ASSESSEDUSER FRIENDLINESS CRITERIA -ET

ID Statement

2.1 | Theuserinterfaceissimple, easy tonavigate and well-organised

2.2 | The userinterfacelooks professional

2.3 | It responds promptlyto useractions (inputs, selections, clicks, ...)

2.4 | It providesthe userwithenoughhelp, indications and/or guidance throughout each process
2.5 | The meaning of each datainput/user selectionis clear

2.6 | The meaning of each data outputis clear

2.7 | Visualisation of resultsis clearand informative

2.8 | The usercan add furtherinformationto the Study through the interface

Figure 4.35Figure 4.5 presents in the form of stacked bars the user scores per each statement
listed above. The sameresults are presented in Figure 4.36 using a spider chart to highlight the
mean, maximum and minimum values.
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As shown in Figure 4.35, over 80% of the respondents agree that the user interface is simple,
easy to navigate and well-organised (ID-2.1). However, only half of the users agreed that the
user interface looks professional, with over 15% disagreeing with the statement ID-2.2. Over
85% of the users found that the tool responds promptly to user actions, while the remaining
disagree (ID-2.3). Just over 30% of the users say that the tool provides the user with enough
help, indications and/or guidance throughout each process (ID-2.4), while the remaining is
undecided or disagrees. This highlights animprovement area for the next version. The meaning
of each data input/user selection and data output is clear for the users, with over 65% of
respondents agreeing with statements ID-2.5 and over 80% agreeing with ID-2.6. According to
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respondents, the Visualisation of results is clear and informative, with over 80% agreeing with
this statement (ID-2.7). The possibility of adding further informationto the study through the
interface (ID-2.8) is unclear, although the majority of respondents agree with this statement,
and almost30%are undecided.

The spider diagram in Figure 4.36 shows there is sometimes quite a significant difference
between the maximum and minimum scores, highlighting the user's expectation of user
friendliness.

4.4.1.3 Performance and Accuracy

The presented results are the outcome of the testing of two features of the tool. The
statements presented in the following table were assessed regarding the Performance and
Accuracy ofthe tool.

TABLE 4.23: ASSESSED PERFORMANCE AND ACCURACY CRITERIA -ET

ID | Statement

3.1 | Resultsare robustand notsensitive tosmall changes of inputs

3.2 | Resultsare credible and trustworthy for the audience

3.3 | The accuracy of results is acceptable considering the granularity/complexity of data inputs used
3.4 | The accuracy of results corresponds to the user expectation for the stage of technology
maturity

3.5 | The computational timeisadequateforthelevelof accuracy provided

3.6 | The software did not suffer from any sort of data shortage/lack of memory duringthe test

3.7 | The software can handle errors without crashing

Figure 4.37 presents inthe form of stacked bars the user scores per each statement listed above.
The same results are presented in Figure 4.38 using a spider chart to highlight the mean,
maximum and minimum values.
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FIGURE 4.37: DISTRIBUTION OF USER SCORES PER FIGURE 4.38: MEAN, MAXIMUM AND
PERFORMANCE AND ACCURACY STATEMENT -ET MINIMUM SCORES PER PERFORMANCE
AND ACCURACY STATEMENT -ET

Figure 4.37 shows that only just over 30% of the testers consider that: the results are robust and
not sensitive to small changes of inputs (ID-3.1); with half agreeing that the results are credible
and trustworthy (ID-3.2); the accuracy of results is acceptable considering the quality of data
inputs used (ID-3.3); the accuracy of the results corresponds to the user expectation for the
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stage of the technology maturity (ID-3.4). The rest are undecided, meaning that probably the
resources provided wereunavailable or insufficient for the users to be able to verify the quality
ofthe results.

For the following three statements (ID3-5, 3-6, 3-7), all users testing the tool agreed that the
computationaltimeis adequate for the level of accuracy provided, the software did not suffer
from any sort of data shortage/lack of memory during the test and that the software can handle
errors without crashing (ID-3.7).

From the spider graph (Figure 4.38), the mean, maximum and minimum scores are balanced
regardingthe performance and accuracy ofthis tool.

4.4.1.4 Value

The following criteria were assessed regarding the Value of the tool.

TABLE 4.24: ASSESSED VALUE CRITERIA-ET
ID | Statement
4.1 | The software allows the userfull control of the design process
4.2 | It producesresultsthatallow easy comparisons
4.3 | It providesalarge range of alternatives tocreate/assess technologies
4.4 | The userisinformedaboutthe internal processing (e.g. remaining time, log) and warned about
potential inconsistencies
4.5 | The software meets my expectations in terms of results, graphical options, interaction, and
functionality
4.6 | | would recommendthe use of this software

Figure 4.39 presents in the form of stacked bars the user scores per each statement listed
above. The sameresultsare presented in Figure 4.40 using a spider chart to highlight the mean,
maximum and minimum values.
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Figure 4.39 highlights over 80% of the users consider that the software allows the user full
controlofthe design process (ID-4.1). Over 80% also agree that the tool produces results that
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allow easy comparisons (ID-4.2), although the remaining strongly disagree, which should be
addressed. For the range of alternatives to create/assess technologies, just under 70% of the
users agree that the tool provides a large range of alternatives to create/assess technologies
(ID-4.3). Just over 30% ofthe users agree that the tool provides information about the internal
processing (e.g. remaining time, log), with the remaining undecided or disagreeing (ID-4.4).
Around 65% of the respondents agree that the software meets their expectations in terms of
results, graphical options, interaction and functionality, while the rest are undecided (ID-4.5).
60% of the users would recommend using this tool (ID-4.6), with the rest undecided or
disagreeing.

Figure 4.40 shows differences between the minimum and maximum scores for the same
assessment criterion, which may be down to different perspectives and expectations of the
respondents.

4.4.2 Qualitative assessment

This section presents feedback from both technical and industrial verifiers gathered from their
Software Evaluation Forms. Comments have been grouped under three main categories:
Overall user satisfaction, Unintended tool performance, and Proposals forimprovement. The aim
ofthis sectionis to guide the path forimprovement of the Energy Transformation (ET) module.

4.4.2.1 Overall user experience

Generally, the feedback indicated the Energy Transformation (ET) module is powerful, quite
intuitive to use, fast and free of issues. However, the end-users highlighted that it could provide
more help and guidance throughout the process and whenvisualising results. Accordingto the
feedbackreceived, the following can be said about the overall user satisfaction:

» Overall, the ET module is perceived as intuitive, easy to use and efficient. The results
are relevant and easy to interpret. Creating and deleting a Study is straightforward.
There is full agreement on the excellent computation speed and running process
without major issues. The training sessions and documentation helped to familiarise
with the software.

» While the user interface is user-friendly and easy to navigate in general, users
highlighted the need for further guidance throughout the process, simplification of
data inputting if possible and increased clarity inresults.

» Someuserscould not rate the performance and accuracy of the module. This might be
due to the lack of detailed results in the Reference Models used for the verification
cases. The available input data for the Power Take-off design was insufficient even for
complexity 1, and many assumptions needed to be taken. As a result, there is no
baseline to compare quantitative outputs with.

» The tool has a very comprehensive set of options. The functionality of the ET module
can produce a large range of alternatives to design PTOs and facilitate comparison.
However, users highlight the need for information about the internal processing and
warnings about potential inconsistencies. The users suggested additional options for
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the mechanical and electrical transformation steps. Also, using other format options
for data export, suchas csvformat.

4.4.2.2 Unintended module performance

The tool behaved as expected; however, the following unintended issues were identified by
some of the users:

» The hierarchy table for the array does not display in the taxonomy section.
» When creatinga Study without a unique name, the inputs are lost. The user should be
able to change the name and not need to re-enter all the data.

4.4.2.3 Proposals for improvement

USABILITY
The verifiers have identified the following areas ofimprovement interms of usability:

» Remove the line for “Machine Characterisation study” in the “Create an Energy
Transformation study” if the user has not provided the first two jsonfiles.

» The “-"and “+"” buttons should be adjusted to relevant order of magnitude for the
parameter considered (e.g. adding 1 unit to a 1,000,000 basis is not useful).

» In the “Analysis mode” window, clicking on the “select” button to access the study
never worked the first time but worked immediately after refreshing the page.

» Globally, the software s intuitive, and the training sessions were useful to understand
how to use the software.

USER-FRIENDLINESS
The verifiers have identified the following areas ofimprovement interms of user -friendliness:

P Splitting “ET Studies” and "Analysis mode” is somehow confusing.

» Not clear why the rated power is entered 3 times for mechanical, electrical, and grid
conditioning. It would be helpful if the pre-filled value for the later 2 were the same as
entered inthe first box, rather thantyping it 3 times.

» Screenlayoutcould beimproved tomake use ofavailable space (e.g. Bill of Materials).

P The taxonomy panel could be directly integrated with a title for the section.

» Include the period used to estimate all the values in the output section (e.g. energy,

damage, ...).

» Severalimprovementscould be made to the GUI to improve the experience for users,
such as correct some typos (e.g. “materials”), overlapping of help messages (e.g. the
help for 'bill of materials’ obscures that for ‘weight of the components’), output values
between squared brackets, rounding of decimals (results should not display
unwarranted precision).

» Please double-check the help “info” provided in each output. In some cases, it is
incorrect.
» More GUI guidance on data inputs, complexity level compatibility and catalogues. For

instance, better definition of device shutdown flag or Cpto / sigma_v, which are not
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widely used, displaying clearly default values to be considered for each transformation
step, providing the formula for the damage, electrical conversionclass or “cosfi".

» When addingmultiple studies consecutively, the filenames arestill shownin the upload
boxes, but they need to be added again.

» Power should be in kW or MW so there are not so many ‘000’ to type (easy to enter
30kW instead of 300kW)

» Using jsonformat forthe export of results is not very user friendly, it would be nice to
have csv format for the data too.

» The main point to be improved is the interface: the software is really good but the
interface doesn‘treally look professional.

PERFORMANCE AND ACCURACY
The verifiers have identified the following areas ofimprovement interms of performance and
accuracy:

P A percentage loss at each transformation stage could be included as part of the
assessments.

» Plots of the results would be better to visualise the module assessment and allow
comparisons.

» It is not expected that the control strategy is based solely on sea state, but it is
understood why to opt for this simplified approach.

» The tool could provide feedback if the design is poor, e.g. if the power rating of the
gearboxwas far from optimal, resultingina very inefficient design with high losses.

VALUE
The verifiers have identified the following areas ofimprovement interms of value:

» Add more PTO options such as a direct drive powertrain option (i.e. bypassing the
gearbox)and other types of electrical generators (e.g. PMSG, DFIG).

» Allowthe userto define the generator efficiency as a function of speed and torque.
Rename “maximalto nominaltorque” may be confusing, to “peak to nominaltorque”,
as the maximum is sometimesa quadraticaverage or time-averagedvalue.

» Forthe grid conditioning, add the line filter inductance, resistance, capacitance, along
with the type of filter (L, LCL, dvdt). Also, add the capacitance at the output of
frequency converters and the DCbus, which affects damping.

» When running the tool, a message could be displayed to inform the user that the
calculation has begun and shown the progress of the calculation. The user does not
have an indicationif the module is working after clicking on “*Run”.

» The GUI is different from other modules. For example, uploading files when creating
the Study. Although this is intuitive, it is not what the user expects after having used
other modules.
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4.4.3 Identifying and solving inconsistencies

The feedback of the technical verifier and industrial partners was extremely useful to further
improve the Energy Transformationmodule.

It is expected to implement most of the improvementssuggested bythe verifiers (High priority
improvements listed in Table 4.25); There is another group of issues that, even if it would be
useful to implement, may not be implemented due to lack of time (Lower priority
improvements in Table 4.26). Finally, there are some others that will not be handled at the
module level (but at the toplevel ofthe fully integrated version) or where design decisions are
takenbythe consortium, as shownin TABLE 4.27).

TABLE 4.25: HIGH PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OF
ET
| Issue | Resolution

Remove theline for "Machine Characterisation This suggestion will beimplemented
study” in the “Create an Energy Transformation
study” ifthe user has not provided the first two

jsonfiles.
The - and “+" buttons should be adjusted to The precision will be revised in every variable of
relevant order of magnitude forthe parameter the GUI

considered (e.g.adding 1 unitto a 1,000,000
basisis not useful).

Screen layout couldbe improved to make use Thisimprovement will be implemented
of available space (e.g. Bill of Materials).
The taxonomy panel couldbe directly Thisimprovement will be implemented
integratedin atitle forthe section.
Several improvements could be made to the The suggested improvements will be analysed
GUItoimprove the experience forusers, such and correctedwhen possible

as correct sometypos (e.g. “materials”),
overlapping of helpmessages (e.g. the help for
‘bill of materials’ obscures that for 'weight of

the components’), output values between
squared brackets, rounding of decimals (results

should not display unwarranted precision).
Please double-check the help“info” providedin

each output. In somecases, it isincorrect.

More GUI guidance on data inputs, complexity Some of the proposedhelpwill be provided in the
level compatibility and catalogues. For GUL. The input formulation is quite complexand
instance, better definition of device shutdown cannot be shown for clarity reasons
flag or Cpto [ sigma_v, which are not widely
used, displaying clearly defaultvalues to be
considered for each transformation step,
providing the formulaforthe damage, electrical

conversion class or “cosfi”.
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Issue Resolution

When adding multiple studies consecutively,
the filenames are still shown in the upload
boxes, but they need to be addedagain.

Thisimprovementwill be implemented

Powershould be in kW or MW, so there are not
50 many zeros to type (easy to enter 30kW

instead of 300kW)

This power variables will be asked in kW

Add more PTO optionssuchasadirect drive
powertrain option (i.e. bypassingthe gearbox)
and othertypes of electrical generators (e.g.
PMSG, DFIG).

New alternatives will be added

Rename “maximal tonominal torque” may be

confusing, to “peakto nominal torque”, as the

maximum is sometimes a quadraticaverage or
time-averaged value.

The description will be changedin the GUI

When running the tool, amessage could be
displayed to inform the userthat the calculation
has begun and shown the calculation progress.
The userdoesnothave anindication ifthe
module is working afterclicking on “Run”.

Thisimprovementwill be implemented

TABLE 4.26: LOWPRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF

| Issue

In the “Analysis mode” window, clickingonthe
“select” button toaccess the study never
worked the first time but worked immediately
afterrefreshing the page.

ET

Resolution
The problem will be analysed and corrected if
possible

Include the period used toestimate all the
valuesin the output section (e.g. energy,
damage, ...).

If time available after high priority improvements
are implemented, the resource information will
be provided inthe outputs

Apercentage loss at eachtransformation stage
could be included as part of the assessments.

Thisimprovementisinterestingbutrequires
some internal changes. It will be assessed after
higher priority improvements

Using the json format forthe export of results is
not user-friendly; it would be nicetohave acsv
format forthe data.

Thisimprovementwill be analysed and carried
out if possible

Plots of the results would be bettertovisualise

the module assessment andallow comparisons.

Plots are desirable and will be implemented is
time available

The tool could provide feedback if the design is
poor, e.g.ifthe powerrating of the gearbox
was farfrom optimal, resulting in avery
inefficientdesign with highlosses

Thisimprovementis desirable but complex.
Feasibility will be analysed

Allowthe userto define the generator
efficiency asafunction of speed and torque.

Thisimprovement will be added if time available
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TABLE 4.27: ISSUES THATWILL NOTBE IMPLEMENTED IN THE BETA VERSION OF ET

Issue

Splitting “ET Studies” and “Analysis mode” is
somehow confusing.

Resolution and Explanation
why it will not be implemented
This suggestion will not be implemented as each
page has different functionalities and may not be
merged

Not clearwhy the rated poweris entered3
times for mechanical, electrical, and grid
conditioning. It wouldbe helpful if the pre-filled
value forthe later 2 were the same as entered
in the first box, ratherthantyping it 3 times.

Each transformation step can have a different
rated power

Forthe grid conditioning, add thelinefilter
inductance, resistance, capacitance, along with
the type offilter (L, LCL, dvdt). Also, add the
capacitance at the output of frequency
converters and the DC bus, which affects
damping.

The filteris not part of Energy Transformation.
Onthe otherhand, the IGBT switching is not
implemented (it would be very slow) as it is not
necessary forthe efficiency calculation. Thus, the
capacitanceis not needed.

The GUIis differentfrom other modules. For
example, uploading files when creating the
Study. Althoughthisisintuitive, it is not what
the user expects after havingusedother
modules

Modifying the graphical interface of thetool is
out of the scope
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4.5 RUNNING THE VERIFICATION CASES: Energy Delivery (ED)

4.5.1 Quantitative assessment

Atotal of 5 organisations completed the verification processfor the different features of the ED
module (WavEC, EDP, EGP, IDOM, Sabella) and provided feedback by the Software Evaluation
Form. Figure 4.41 shows the average scores across the four categories of evaluation,
highlighting an overall satisfaction from using the tool, as all average scores are within the
range of 3,8 t0 4, 4.

4,50 431
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4,00 3,88 3,89

MEAN SCORE
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0,50
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EVALUATION CATEGORIES

W 1. USABILITY M 2. USER-FRIENDLINESS m 3. PERFORMANCE AND ACCURACY 4. VALUE

FIGURE 4.41: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS -ED

As shown in Figure 4.42, most of the participants of verification (75%) were satisfied with the
usability of the ED tool. The majority of (70%) the respondents agree or strongly agree that the
toolis generally user friendly. Around 85% (in average) of the respondents agree that the tool
shows performance and accuracy. Around 75% of the users considered that the tool is valuable,
while around 15%disagree. Further analysis of the results is described in the following section.

. h \ \ \ \ \ \ u

User Friendliness

Performance & Accuracy _

0 10 20 30 40 50 60 70 80 90 100

Percentage of scores in each category

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

FIGURE 4.42:PERCENTAGE OF SCORES FOR THE FOUR KEY CATEGORIES - ED
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4.5.1.1 Usability

The following statements have been set as criteria for assessing the ED tool in terms of
the Usability category.

TABLE 4.28: ASSESSED USABILITY CRITERIA-ED
1.1 [The software isintuitive and easy touse in general
1.2 [ltiseasyto create and deletea Study
1.3 [ltiseasyto edit, save and exporta Study
1.4 [The processofinputting datais clearand efficient
1.5 [Resultsare meaningful, easy tointerpret anduse
1.6 |l could completethe process withouterrors
1.7 [l amsatisfied with the overall speed of computation
1.8 [The software can be run from my computer without any issue
1.9 [The training sessions and documentation are useful for learning how touse the software

Figure 4.43presents inthe form of stacked bars the user scores per each statement listed above.
The same results are presented in Figure 4.44 using a spider chart, to highlight the mean,
maximum and minimum values.
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FIGURE 4.43: DISTRIBUTION OF USER SCORES PER FIGURE 4.44: MEAN, MAXIMUM AND
USABILITY STATEMENT - ED MINIMUM SCORES PER USABILITY
STATEMENT-ED

All the users agree or strongly agree that: the toolis easy to use in general (ID-1.1); it’s easy to
create a study and delete it (ID-1.2); the training sessions and documentation are useful for
learning how to use the software (ID-1.9). 80% of the respondents agree or strongly agree that
it's easy to edit, save and export a study (ID-1.3), and the software can be run from their
computer without any issue (ID-1.8). The other 20% are undecided for ID-1.3 and disagree on
ID-1.8.

60% of the users agree or strongly agree that: the process of inputting data is clear and
efficient (ID-1.4); the results are meaningful, easy tointerpretand use(ID-1.5); the overall speed
of computationis satisfactory (ID-1.7). The remaining user is undecided on these criteria.
Finally, 40% of the respondents considered that they could complete the process without
errors (ID-1.6), 20% are undecided, and 40% disagree or strongly disagree with this.
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From the spider graph, it's possible to see that the mean values are well balanced for most of
the criteria. In ID-1.6, the difference between the maximum and minimum values can be
justified with different user experiences about this tool.

4.5.1.2 User Friendliness

The following statements have beenset ascriteriafor assessingthe ED toolintermsofthe User
Friendliness category.

TABLE 4.29: ASSESSED USER FRIENDLINESS CRITERIA - ED
2.1 |The userinterfaceissimple, easy tonavigate and well-organised
2.2 |The userinterfacelooks professional
2.3 |ltrespondspromptlyto useractions (inputs, selections, clicks, ...)
2.4 |It providesthe userwithenoughhelp, indications and/or guidance throughout each process
2.5 |The meaning of each datainput/user selectionis clear
2.6 |The meaning of each data outputisclear
2.7 |Visualisation of resultsis clearand informative
2.8 |The usercanadd furtherinformationto the Study through theinterface

Figure 4.45 presents in the form of stacked bars the user scores per each statement listed
above. The same results are presented in Figure 4.46 using a spider chart, to highlight the
mean, maximum and minimum values.
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FIGURE 4.45: DISTRIBUTION OF USER SCORES PER FIGURE 4.46: MEAN, MAXIMUM AND
USER-FRIENDLINESS STATEMENT -ED MINIMUM SCORES PER USER-
FRIENDLINESS STATEMENT - ED

All the users agree or strongly agree that the user interface is simple, easy tonavigate and well-
organised (ID-2.1). 80% ofthe users agree or strongly that: the meaning of each data output is
clear (ID-2.6); the visualisation of results is clear and informative (ID-2.7); the user can add
further information to the Study through the interface (ID-2.8). The remaining users disagree
onthese criteria.

Around 60% of the respondents agree or strongly agree that: the tool responds promptly to
user actions (inputs, selections, clicks, ...) (ID-2.3); the tool provides enough help, indications
and/or guidance throughout each process (ID-2.4); the meaning of each data input/user
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selection is clear (ID-2.5). The other respondents disagree with this criteria ID-2.3 and ID-2.4.
On criterionID-2.5, 20% disagree, and 20% remained undecided.

The criterion ID-2.2, “the user interface looks professional,” divided the users’ opinions. 40%
strongly agree, 40%are undecided, and 20% disagree on this.

From the spider graph, it's possible to see that the mean values are well balanced for all the
criteria.

4.5.1.3 Performance and Accuracy

The following statements have been set as criteria for assessing the ED tool in terms
of Performance and Accuracy. These criteria were applied to 3 different features of the tool:
overall, low complexity and full complexity.

TABLE 4.30: ASSESSED PERFORMANCE AND ACCURACY CRITERIA -ED
3.1 [Resultsare robustand notsensitive tosmall changes of inputs
3.2 [Resultsare credible and trustworthy forthe audience
3.3 |The accuracy of resultsis acceptable considering the granularity/complexity of datainputs used
3.4 [The accuracy of results corresponds to the user expectation for the stage of technology maturity
3.5 [The computational timeisadequate forthelevelof accuracy provided
3.6 [The software did not suffer from any sort of data shortage/lack of memory duringthe test
3.7 [The software can handle errors without crashing

Figure 4.47 presents inthe form of stacked barsthe userscores per each statement listed above.
The same results are presented in Figure 4.48 using a spider chart to highlight the mean,
maximum and minimum values. The results represent the average of the scoresobtained in the
three features —overall, low complexity and full complexity
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FIGURE 4.47: DISTRIBUTION OF USER SCORES PER FIGURE 4.48: MEAN, MAXIMUM AND
PERFORMANCE AND ACCURACY STATEMENT -ED  MINIMUM SCORES PER PERFORMANCE
AND ACCURACY STATEMENT -ED

More than 85% of the users considered that the results are credible and trustworthy for the
audience (ID-3.2), and the accuracy of results is acceptable considering the
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granularity/complexity of data inputs used (ID-3.3). The remaining users are undecided on these
two criteria.

Around 70% of the respondents considered that: the results are robust and not sensitive to
small changes of inputs (ID-3.1); the accuracy of results corresponds to the user expectation for
the stage of technology maturity (ID-3.4); The computational time is adequate for the level of
accuracy provided (ID-3.5); the software did not suffer from any sort of data shortage/lack of
memory duringthe test (ID-3.6); the software canhandle errors without crashing (ID-3.7). The
other respondents are undecided for most of these criteria, except for criterion ID-3.6 that
around 15%disagree, and around 15% were undecided.

From the spider chart and consideringthe meanvalues, we can state that the results obtained
in this criteria assessment are well balanced and always above 4 —Agree.

4.5.1.4 Value

The following statements have been set as criteria for assessing the ED tool in terms of
the Value.

TABLE 4.31: ASSESSED VALUE CRITERIA -ED

ID | Statement

4.1 [The software allows the userfull control of the design process

4.2 [lt producesresultsthatallow easy comparisons

4.3 [lt providesalarge range of alternatives tocreate/assess technologies

4.4 [The userisinformed about the internal processing (e.g. remaining time, log) and warned about
potential inconsistencies

4.5 |The software meets my expectations in terms of results, graphical options, interaction, and
functionality

4.6 |l would recommendthe use of this software

Figure 4.49 presents in the form of stacked bars the user scores per each statement listed
above. The same results are presented in Figure 4.50 using a spider chart to highlight the mean,
maximum and minimum values.
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All the users agree or strongly agree that the software allows the user full control of the design
process (ID-4.1). 80% of the respondents agree or strongly agree that the tool producesresults
that allow easy comparisons (ID-4.2), and the tool provides a large range of alternatives to
create/assess technologies (ID-4.3). The other 20% of the users are undecided on these two
criteria.

Around 75% of the respondents agree or strongly agree that the software meets the
expectations in terms of results, graphical options, interaction, and functionality (ID-4.5) and
recommend using this software (ID-4.6). The remaining respondents are undecided on these
two criteria.

On criterion ID-4.4, “The user is informed about the internal processing (e.g. remaining time,
log) and warned about potential inconsistencies”, one quarter of the users strongly disagree,
half of them disagree, and another quarter agrees.

From the spider chart, itcan be seenthat most ofthe criteria are well balanced interms of the
mean value. On criterion ID-4.4, some low scores were registered, and so, the mean value on
this criterionwas lower thanthe other ones.

4.5.2 Qualitative assessment

This section presents feedback from both technical and industrial verifiers gathered from their
Software Evaluation Forms. Comments have been grouped under three main categories:
Overall user satisfaction, Unintended tool performance, and Proposals forimprovement. The aim
ofthis sectionis to guide the path forimprovement ofthe Energy Delivery (ED) module.

4.5.2.1 Overall user experience

Generally, the feedbackindicated the Energy Delivery (ED) module is useful and user-friendly,
has agood level ofaccuracy, and offers value to users. The following points can be collated from
the feedback received about the overall user satisfaction:

» Overall, the userinterface was highly rated, witha few exceptions. Some users found there
was not enough guidance throughout each process and that some of the terminology used
for the input parameter labels was not clear. Further explanation of the input parameters
would make the module more user friendly. This can also be linked to the documentation
for further details. There was a similar error with the display of “uncaught” error messages
not being clear.

» The default values used in the module calculation when optional parameters are not
specified could be more clearly identified.

» When the module was running correctly, the computational time was judged acceptable,
and it responded promptly; however, it was unacceptably unresponsive during the period it
was not working, as discussed inthe next subsection.

» In terms of performance and accuracy, the results were found to be robust, credible, and
accurate. However, the use of jsonfor the results complicates the inputs for new users.
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» The results were generally found to be well presented, and the comparison between
network options was welcomed. The display of the detailed network hierarchy was judged
to be over-complexand not so useful.

» Several points were raised related with the use of jsonfiles for inputs, which is notso user-
friendly. These are only required when the module runs in standalone mode to introduce
data that would normally be an output of earlier modules. Therefore, this should not be a
problem for the final integrated suite of tools. Additionally, importingand exporting from a
csv format would also be a useful addition.

4.5.2.2 Unintended module performance

The tool mostly behaved as expected; however, the following “critical” aspects were identified
by some ofthe users:

» During the period in which the verification of the Energy Delivery module was being
conducted, aminor buginthe server configuration stopped the tool from working properly.
Unfortunately, troubleshooting this took some time, and during this period, it was not
possible to run the design process at all. As a workaround, some of the verification was
conducted by reviewing previously computed results after creating new studies without the
verifiers actually running the design algorithm. This still allowed most of the module
functionality to be verified, with the exception of computational time.

» Someusers had problems uploadingthe site inputs or found the performance of the module
being slow. This may have been due to performance issues experienced on the server the
software was beingtested on, with other modulesalso using the computationresources.

4.5.2.3 Proposals for improvement

USABILITY
The verifiers have identified the following areas ofimprovement interms of usability:

» The definition of input parameters could be improved with regards to naming, units used,
and default values.
» Better handling or error messagesand progressis required.

USER-FRIENDLINESS
The verifiers have identified the following areas ofimprovement interms of user -friendliness:

» Using jsonformat for the inputs is not the most user-friendly.

» Severalimprovements could be made to the GUI to improve users' experience, such as
automatically loading the results page once the design process is complete or hiding blank
tables ofresults when only one result optionis presented.
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PERFORMANCE AND ACCURACY
The verifiers have identified the following areas ofimprovementinterms of performance and

accuracy:

» Severalissues were observedrelatingto the performance ofthe module onthe test server,
which should be improved when the module is running on a local computer without other
modules, also usingcomputationresources.

» The input and plotting of large bathymetry files canbe slow and would be improved witha
progress bar.

» The length of time takento complete the full complexity design process was judged long
by some users, especially as progress with this is not well communicated to the user.

VALUE
The verifiers have identified the following areas ofimprovement interms of value:

» The formatoftheresults could be improved, including the hierarchy and cable data.
» Being abletoimportand export results to csv/Excel data format would also add value.

4.5.3 Identifying and solving inconsistencies

The feedback of the technical verifier and industrial partners was extremely useful to further
improve the Energy Delivery module.

We expect to implement most of the improvements suggested by the verifiers (high priority
improvements, in Table 4.32); however, there are others that, even if it would be useful to
implement, may not be implemented due to lack of time (lower priority improvements in

Table 4.33). Finally, there are some others that cannot be implemented because they are notin
the scope ofthe ED module (they are inthe scope of the main application) or were the result of
designdecisions taken by the consortium, as shownin Table 4.34).

TABLE 4.32: HIGH PRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF

ED
| Issue | Resolution
There isambiguity betweencomplexity levels2 | Clarifyinthe GUIthatthe differencereflectsthe
and 3, as these have the sameinput user’s confidencein theinputs used.
requirements.
Some of the input parameter names are not Terminology and units tobe reviewedand
clearand/or could do with more explanation. updated.
Some of the inputs have inconsistent units, e.g. Add descriptions viaahelpicon orsimilar,
(m,m) forthe array layout in json format. possibly linked to the documentation.
Dataentry forarray layout is difficult forthe Implement a json file upload for this to remove
user, as it requirestyping or copy/pasting a json the needformanual dataentry.
string in the inputbox.
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Issue Resolution

Not clear what defaultvalues are used in the Default values for optional parameters suchas
design processif an optional parameterisnot | footprint radius could be pre-filled forthe userto
specified update if necessary
DR import/export functionality notyet Workin progressto implement this.

implemented
Blank error messages were displayed in the Thiswas due to the bugin the server deployment,
GUL which has now been fixed.

The design process has been made an
asynchronous operation, which should prevent
timeouterrors.

Improve error handlingof BE/BL. Ensure any error
inthe BE/BLis shown throughthe GUI.

API requests when the moduleis running on the Thisissue isonly seen ontheserver
serverare sometimes slow, resultingin along implementationand notwhen runninglocally.
time to populate the listof studies, inputs, etc. | Testlocalinstallation to ensure that thisissueis

not presentwhenrunning locally.
Footprint radius of zero could be entered inthe | Datainput checkforradius biggerthan zero has

inputs, which caused the designto fail. now been implemented.
The network hierarchy list presented in the Mark this as an ‘advanced’ result, as most users
resultsis not clearto an end user do not need tounderstand this. An alternative

representationwill be considered if time allows.
The results view refersto ‘marker’, whichisnot | Reviewand updated terminology used in results.
defined. Thisisan internal component ID.

Some output formatsin the results vieware not Allow all datato be download in json format.
userfriendly forfurther processing or analysis.
The usermight wantto consider another In the integratedtool, the user should be able to
network optionthan what is proposed asthe choose which network to take forward forfurther
best/optimal network optionranked by partial analysis.

cost of energy delivered, especially where the
resultsare close.

TABLE 4.33: LOW PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OF

ED
Issue Resolution
Due to alarge number of bathymetry points, The possibility of plotting just the lease and
the correspondingjson file is big and hence export area boundaries will be explored, as this
takesawhile to load and plot. should speed upthe plotting.

Using json format, or (x,y,z) tripletsfordevice | Thiswill not be required inintegrated mode and
array layout co-ordinatesetc.iscumbersome | only appliesto standalone. A consistentapproach

and potentially error prone, this could be isusedin all modules.
replaced by aseries ofinputboxes. However, a pre-processorto convert from csv to
json could be provided.
Not easy to know what the co-ordinates should Show afigure whenever coordinates are
be without avisualisation requested.
The process of loading large input files can take Add a progress barwhen loading files

alongand indeterminate length of time
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Issue

The process of creating studies withlarge input
files can take along and indeterminate length
oftime

Resolution
Add a progress barwhen creatingstudies

Not clear howlongthe calculation process will
take. For complex designs, this cantake several
minutes, with noindication of progress.

Implement a progress barto visualise the
calculation time remaining. Display python
logging datain the GUI, which will provide an
update onthe status.

The usercan click the 'view results’ button
before the analysisis complete, which displays a
blank results page.

Disable the ‘view results’ buttonuntil the results
are available.

The userhasto click‘viewresults’ afterthe
system design and analysis process is complete.

(2]

Automatically show the results once the design i
complete

Placeholders forthe results of network options
2 & 3are shown, even whenthereisonly a
single network resultreturned.

Hide the results tables whenthey are notused

Legend on the network schematic visualisation
sometimes obscures part of the design

Revise the visualisation so the legend does not
obstruct the design

The network hierarchy list presented in the
resultsisnot clearto an end user

Look at alternative waysto representthe
hierarchy

Some output formatsin the results vieware not
userfriendly forfurther processing or analysis.

Allow selective data down in csv/Excelformat in
addition to json

TABLE 4.34: ISSUES THAT WILLNOTBE IMPLEMENTED IN THE BETA VERSION OF ED

Issue

Copying/duplicating studies to facilitate testing
slightly different studies would be a useful
addition.

Resolution and Explanation
why it will not be implemented

Thisis within the scope of the mainmodule.

The unitsdo not change toreflectthe order-of-
magnitude of theresult, e.g. always kW butdo
not change toMW where appropriate.

Adesign decision was made to use consistent
unitsacrossallmodules.
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4.6 RUNNING THE VERIFICATION CASES: Station Keeping (SK)

4.6.1 Quantitative assessment

Atotal of 7 organisations completedthe verification processfor the different features of the SK
module (EDP, Corpower, NOVA, BV, Sabella, IDOM, EGP) and provided feedback by the
Software Evaluation Form. Figure 4.51shows the average scores across the four categories of
evaluation, highlighting an overall satisfaction from using the tool, as all average scores are
within the range of 4 to 5.
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FIGURE 4.51: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS - SK

As shown in Figure 4.52, most of the participants of verification (almost 9o%) were satisfied
with the usability of the SK tool. The majority of (more than 80%) the respondents agree or
strongly agree that the tool is generally user friendly. More than 9o% (in average) of the
respondents agree that the tool shows performance and accuracy. Around 75% of the users
considered that the toolis valuable, while around 3% disagree. Further analysis of the results is
described inthe following sections.

Usability

User Friendliness

Performance &
Accuracy | |

Value
| | |

T T T T 1
o 20 40 6o 8o 100
Percentage of scoresin each category
m 1-Strongly disagree = 2-Disagree = 3-Undecided = 4-Agree M 5-Strongly Agree

FIGURE 4.52: PERCENTAGE OF SCORES FOR THE FOURKEY CATEGORIES - SK
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4.6.1.1 Usability

The following statements have been set as criteria for assessing the SK tool in terms of
the Usability category.

TABLE 4.35: ASSESSED USABILITY CRITERIA - SK
1.1 |The software isintuitive and easy touse in general
1.2 [ltiseasyto create and deletea Study
1.3 [ltiseasyto edit, save and exporta Study
1.4 [The processofinputting datais clearand efficient
1.5 [Resultsare meaningful, easy tointerpret anduse
1.6 |l could completethe process withouterrors
1.7 [l amsatisfied with the overall speed of computation
1.8 [The software can be run from my computer without any issue
1.9 [The training sessions and documentation are useful forlearning how touse the software

Figure 4.53 presents in the form of stacked bars the user scores per each statement listed
above. The sameresults are presented in Figure 4.54 using a spider chart to highlight the mean,
maximum and minimum values.
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FIGURE 4.53: DISTRIBUTION OF USER SCORES PER FIGURE 4.54: MEAN, MAXIMUM AND
USABILITY STATEMENT -SK MINIMUM SCORES PER USABILITY
STATEMENT - SK

The majority of the users shows a positive feedback to most of the evaluation items in the
feature “Usability”. Allthe users strongly agree or agree that the toolis easy to use in general,
it's easy to create a study and delete it, and it’s also easy to edit, save and export a study (ID-
1.1, ID-1.2, ID-1.3).

More than 80% of the testers considered that: the process of inputting data is clear and
efficient (ID-1.4); the results are meaningful, easy to interpret and use (ID-1.5); could complete
the process without errors (ID-1.6); the overall speed of computation is satisfactory (ID-1.7); the
software can be run from their computer without any issue (ID-1.8); the training sessions and
documentation are useful for learning how to use the software (ID-1.9). The remaining ones
were undecided onthese criteria.
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From the spider graph, it’s possible to assume that the criteria were well balanced, revealinga
meanvalue always above 4—Agree.

4.6.1.2 User Friendliness

The following statements have beenset ascriteria for assessing the SK toolintermsofthe User
Friendliness category.

TABLE 4.36: ASSESSED USER FRIENDLINESS - SK
2.1 |The userinterfaceissimple, easy tonavigate and well-organised
2.2 |The userinterfacelooks professional
2.3 |[ltresponds promptly to useractions (inputs, selections, clicks, ...)
2.4 |lt providesthe user withenough help, indications and/or guidance throughout each process
2.5 |The meaning of each datainput/user selectionis clear
2.6 |The meaning of each data outputis clear
2.7 |Visualisation of resultsis clearand informative
2.8 |The usercanadd furtherinformationto the Study through the interface

Figure 4.55 presents in the form of stacked bars the user scores per each statement listed
above. The same results are presented in Figure 4.56 using a spider chart to highlight the mean,
maximum and minimum values.
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FIGURE 4.55: DISTRIBUTION OF USER SCORES PER FIGURE 4.56: MEAN, MAXIMUM AND
USER-FRIENDLINESS STATEMENT - SK MINIMUM SCORES PER USER-
FRIENDLINESS STATEMENT - SK

All the users strongly agree or agree that the user interface is simple, easy to navigate and well-
organised (ID-2.1) and that the tool responds promptly to user actions (inputs, selections, clicks,
...)(ID-2.3).

Around 67% of the users strongly agree or agree that the tool provides the user interface looks
professional (ID-2.2) and that the meaning of each data input/user selection is clear (ID-2.5).
The other respondents remained undecided.
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Regarding criterion ID-2.4, more than 85% agree or strongly agree that the tool provides
enough help, indications, and/or guidance throughout each process, while the rest disagree
with this.

More than 80% of the respondents agree or strongly agree that: the meaning of each data
outputis clear (ID-2.6); the visualisation of results is clear and informative (ID-2.7); the user can
add further information to the Study through the interface (ID-2.8). The remaining ones are
undecided onthese criteria.

From the spider graphit’s possible to gauge that despite the low minimum value registered on
criterionID-2.4, the average classificationinall the criteria was satisfactory.

4.6.1.3 Performance and Accuracy

The following statements have been set as criteria for assessing the SK tool in terms of
the Performance and Accuracy.

TABLE 4.37: ASSESSED PERFORMANCE AND ACCURACY CRITERIA -SK
3.1 [Resultsare robustand notsensitive tosmall changes of inputs
3.2 [Resultsare credible and trustworthy for the audience
3.3 [The accuracy of resultsis acceptable considering the granularity/complexity of datainputs used
3.4 [The accuracy of results corresponds to the user expectation for the stage of technology maturity
3.5 [The computational timeis adequate forthelevelof accuracy provided
3.6 [The software did not suffer from any sort of data shortage/lack of memory duringthe test
3.7 [The software can handle errors without crashing

Figure 4.57 presents inthe form of stacked barsthe userscores per each statement listed above.
The same results are presented in Figure 4.58 using a spider chart to highlight the mean,
maximum and minimum values.
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FIGURE 4.57: DISTRIBUTION OF USER SCORES PER FIGURE 4.58: MEAN, MAXIMUM AND
PERFORMANCE AND ACCURACY STATEMENT -SK  MINIMUM SCORES PER PERFORMANCE
AND ACCURACY STATEMENT - SK

All the users strongly agree or agree that: the accuracy of results is acceptable considering the
granularity/complexity of data inputs used (ID-3.3); the accuracy of results corresponds to the
user expectation for the stage of technology maturity (ID-3.4); the software did not suffer from
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any sort of data shortage/lack of memory during the test (ID-3.6); the software can handle
errors without crashing (ID-3.7).

Regarding results, credibility and trust for the audience (ID-3.2), two thirds ofthe respondents
agree or strongly agree with it and for the computational time be adequate for the level of
accuracy provided (ID-3.5), more than 85% agree or strongly agree. In both cases, the rest of
the users were undecided.

Aboutresults beingrobust and not sensitive to small changes of inputs (ID-3.1), more than 80%
agree or strongly agree, while the remaining ones disagree on this.

From the spider chart and consideringthe mean values we can state that the results obtainin
this criteria assessment wereall placed between 4 —agree and 5—strongly agree. Just highlight
the results obtained in criteria ID-3.6 and ID-3.7 where consensus was achieved between all the
respondents.

4.6.1.4 Value

The following statements have beenset as criteria for assessing the SK toolinterms of Valuve.

TABLE 4.38: ASSESSED VALUE CRITERIA - SK
ID | Statement
4.1 [The software allows the userfull control of the design process
4.2 [lt producesresultsthatallow easy comparisons
4.3 [lt providesalarge range of alternatives tocreate/assess technologies
4.4 [The userisinformed about the internal processing (e.g. remaining time, log) and warned about
potential inconsistencies
4.5 |The software meets my expectations in terms of results, graphical options, interaction, and
functionality
4.6 |l would recommendthe use of this software

Figure 4.59 presents in the form of stacked bars the user scores per each statement listed
above. The same results are presented in Figure 4.60 using a spider chart, to highlight the
mean, maximum and minimum values.
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More than 80% of the users agree orstrongly agreethat the softwareallows the user full control
ofthe design process (ID-4.1) and that the software meets the expectations interms of results,
graphical options, interaction, and functionality (ID-4.5). The remaining respondents were
undecided.

Two thirds of the respondents agree or strongly agree that the user is informed about the
internal processing (e.g. remaining time, log) and warned about potential inconsistencies (ID-
4.4) and that would recommend the use of this software (ID-4.6). The rest of the users are
undecided onthese two criteria.

All the users agree or strongly agree that the tool producesresults that alloweasy comparisons
(ID-4.2). Only 50% of the users considered that the tool provides a large range of alternatives
to create/assesstechnologies (ID-4.3), while the other 50% remained undecided or disagree.

From the spider chart, we can state that despite the minimum value registered on criterion ID-
4.3, the meanvalues presented for all the criteria are satisfactory.

4.6.2 Qualitative assessment

This section presents feedback from both technical and industrial verifiers gathered from their
Software Evaluation Forms. Comments have been grouped under three main categories:
Overall user experience, Unintended module performance, and Proposals for improvement. The
aim of this sectionis to guide the path forimprovement ofthe Station Keeping (SK) module.

4.6.2.1 Overall user experience

Generally, the feedback indicated that the Station Keeping (SK) module is useful and quite
intuitive to use. However, the users highlighted that it did not provide enough help, indications
and/or guidance throughout each process. Accordingto the comments received, the following
can be said about the overall user satisfaction:

» Ingeneral, the SK moduleis perceived as intuitive and easyto use in general. The results are
meaningful and easy to interpret. The software can be easily run, and the overall
computationspeed is satisfactory.

» While the userinterfaceis clear, the users had difficulties in understanding some inputs and
their meanings. It was highlighted that the SK module should give the user more guidance
and help throughout each process. This issue will be addressed by adding a help button to
each parameterto describe it, and a link to a manual will be available for more information.

» Generally, the quality of results is satisfactory as judged by all users in terms of accuracy,
robustness and performance. For some results, such as “"Design assessment” results, users
would like to have more information. This can be easily done by displaying more results that
are available as outputs of the module.

» The functionalities of the SK module are seenas a good screeningtool, useful to assess the
relevance of technological choice quickly.
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4.6.2.2 Unintended module performance

In general terms, the tools behaved as expected. However, the following unintended errors in
the module’s performance were identified by some ofthe users:

» Some users detected that the computational time was sometimes very slow, preventing
them from runningthe module. These issues originated fromthe host serverand not the SK
module itself.

» Users have encountered errors without any meaningful description of the source of the
problem. Mostofthose errors originated from a bad orincomplete definition of aninput by
the user. More input data quality checks have been added to help the user understand the
source ofthe error.

4.6.2.3 Proposals for improvement

GENERAL REMARKS
The verifiers have identified the following areas of general improvement:

» The welcome page should contain more information about the goal and functionalities of
the SK module, required inputs and expected outputs.

» The process of defining the input data requires more guidance.
Some options require some explanation, in particular the consequences onthe results.

USABILITY
The verifiers have identified the following areas ofimprovement interms of usability:

» The usability can be quickly increased by adding a link to a user manual in the GUL. In
particular, someinputs are not clearly defined in the GUI.

» It would be useful toimprove the “export to pdf” functionality: it is not working properly in
the currentversion.

» Someresults would benefit from a shortexplanationinthe GUL. In particular, whenthe type
of foundationis selected automatically by the module, it canlead to unrealistic results: this
should be explained to the user.

» Some “wording” could be fixed to be consistent through the SK module, in particular the
‘shallow’ foundation, whichis the same as the ‘gravity based’ foundation.

» When some required data is missing or inconsistent, the GUI should give a warning to the
user. This is particularly true for the definition of the Rotor Thrust Coefficient Curve, in case
atidalmachine is defined.

USER-FRIENDLINESS
The verifiers have identified the followingareas ofimprovement interms of user -friendliness:
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» Switching from one input page to another might appear to be slow. This is due to the
overload of the server during the verification test period, not specifically to SK module
performances.

» Thereis a general need for more documentation in the GUI, and a proper user manual, in
order to understand the meaning of each input. Additional sketch/drawing illustrating the
definition and sign of some input variable might also help alot the user.

» The page for creating/loading is not clear enough: the user doesn’t know if they need to
modify inputs from a previous study or create a new one. This requires guidance.

» The GUI would benefit from more visualization of the input data defined by the user. We can
mentionthe rotor thrust coefficient curve, the layout of the farm.

PERFORMANCE AND ACCURACY
The verifiers have identified the following areas ofimprovement interms of performance and
accuracy:

» The users have reported some modelling functionalities that they would like to see in the
tool:

= Defining rotor of different diameters onthe same machine.

= Defining different direction for wind/waves/current in ULS analysis (and not only colinear
weather asin the currentversion).

= Include the possibility to model gravity based foundation with spikes onrock seabed.

= Include the possibility to define the mean wave drift force coefficients manually

* Include the possibility to choose the material of the foundation.

» The difference between the levels of complexity and the consequences on the accuracy is
not clear.
Users would find it useful to model the fact that the rotorcan be misaligned with the current.
Some users would recommend that the orbital velocity of the wave can be added to the
current velocity for the ULS analysis of the tidal machine.

» Fatigue analysis ofthe foundationwould be a great added value to the tool.

VALUE
The verifiers have identified the following areas ofimprovement interms of value:

» The software should have a more contextual descriptionand help/ glossary.
It would be valuable to report the mooring’s weight inthe Design Assessment result section.
» The user confidence would be increased ifthe GUI could present the user's input graphically,
forexample, a 3D visualisation of the device, mooring system, and environment direction.
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4.6.3 ldentifyingand solving inconsistencies

TABLE 4.39: HIGH PRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF

SK

Issue Resolution

Include the possibility tomodel gravity based
foundation with spikes on rock seabed

This will be implemented

Add a contextual descriptionof the tool on the
module home page

This will be implemented

Fix bugs when exportingresults to pdf

This will be implemented

Add linkto userand theory manual in the GUI. This
will also document the consequences of choosing
a level of complexity

This will be implemented

Ask confirmationwhenthe user wantstodelete a
project

This will be implemented

Add a previous page button

This will be implemented

Indication along the top banner which project you
are in would be helpful

The name of the project will be displayed at the top
of each page

Add explanation infoon each parameterin the GUI

Help button will be added to each parameter with a
small description andlink to a manual formore
information

Labelling the boxes with permanentlabels would
work betterthan the hoverover

Will add units label nextto input boxes instead of
hoverover

Add visualization of rotor thrust coefficient curve

This will be implemented

Add visualization of the farm layout

This will be implemented

Modify the ‘load project’ sectionto make it more
intuitive

This will be implemented

Add guidance on each page about the meaning
and consequences of the inputs and options
chosen by the user

This will be implemented

Add awarning when the user selects ‘automatic
foundation type selection.’

This will be implemented

Add wave orbital velocity tothe currentvelocity in
the rotorforce

This will be implemented as an optionthatthe user
can choose

Implement the possibility to define any material
type forthe gravity base foundation

This will be implemented
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Improve the GUIlayout (aligninput fields, for

We will align the inputfields as much as possible
example)

and maybe create more specificsections to group
the datainputsin amore well-organized way

Input data check forrotorthrust coefficient curve This will be implemented

Add mooring weighttodesign assessment result This will be implemented

TABLE 4.40: LOWPRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF
SK

‘ Issue ‘ Resolution

Add the possibility to define non-colinear

This will be implemented if there is enough time
environments in ULS analysis

Add the visualization of the user defined inputs

This will be implemented if there isenough time
(device, seabed, environmentdirection)

Implement the possibility todefine manually the

This will be implemented if there is enough time
mean wave drift coefficients

Adapt size, font to screen size The module is codedfortwo sizes of screen, and it

will be improved if thereis enough time

TABLE 4.41: ISSUES THAT WILLNOT BEIMPLEMENTED IN THE BETA VERSION OF SK

Resolution and Explanation

why it will not be implemented

Defining the rotor of different diameters on the

Thiswill not be included in the betaversionduetoa
same machine

lack of time but will be considered in the future
development of thetool

Implement the possibility tomodel misaligned

This would require too much work as this would also
rotor-current

require developmentsin other DTO+ modules. It is,
therefore, tobe considered as future work

Implement fatigue analysis of foundation This cannot be implemented in asimple mannerin

thismodule

DTOceanPlus Deliverable, Grant Agreement No 785921 Page132 | 331




D5.8 DTOcean+
Testing and verification results of the Deployment Design tools — beta T —

version

4.7 RUNNING THE VERIFICATION CASES: Logistics and Marine
Operations (LMO)

4.7.1 Quantitative assessment

A total of 6 organisations completed the verification process for the different features of the
LMO module (AAU, WES, Sabella, BV, IDOM, EGP) and provided feedback by the Software
Evaluation Form.FIGURE 4.61 shows the average scores across the four categories of
evaluation, highlighting an overall satisfaction from using the tool, as all average scores are
within the range of 3 to 4.

5,00

4,50

3,75 3,69

MEAN SCORE
5

EVALUATION CATEGORIES

W 1. USABILITY M 2. USER-FRIENDLINESS 3. PERFORMANCE AND ACCURACY 4. VALUE

FIGURE 4.61: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS -LMO

As shownin Figure 4.62, most of the participants of verification (>70%) were satisfied with the
usability of the LMO tool. The majority of (more than 60%) the respondents agree or strongly
agree that the tool is generally user friendly. More than 50% (in average) of the respondents
agree that the tool shows performance and accuracy. Almost 60% of the users considered that
the tool is valuable, while around 20% disagree. Further analysis of the results is described in
the followingsections.
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FIGURE 4.62: PERCENTAGE OF SCORES FOR THE FOUR KEY CATEGORIES -LMO
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4.7.1.1 Usability

The following statements have been set as criteria for assessingthe LMO tool in terms of
the Usability category.

TABLE 4.42: ASSESSED USABILITY CRITERIA -LMO
1.1 [The software isintuitive and easy touse in general
1.2 [ltiseasyto create and deletea Study
1.3 [ltiseasyto edit, save and exporta Study
1.4 [The processofinputting datais clearand efficient
1.5 [Resultsare meaningful, easy tointerpret anduse
1.6 |l could completethe process withouterrors
1.7 [l amsatisfied with the overall speed of computation
1.8 [The software can be run from my computer without any issue
1.9 [The training sessions and documentation are useful for learning how touse the software

Figure 4.63 presents in the form of stacked bars the user scores per each statement listed
above. The sameresults arepresented in Figure 4.64 using a spider chart to highlight the mean,
maximum and minimum values.
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FIGURE 4.63: DISTRIBUTION OFUSER SCORES PER FIGURE 4.64: MEAN, MAXIMUM AND
USABILITY STATEMENT -LMO MINIMUM SCORES PER USABILITY
STATEMENT-LMO

All the users agree or strongly agree that it's easy to create a study and delete it (ID-1.2), and
the training sessions and documentation are useful for learning how to use the software (ID-
1.9). More than 80% of the respondents agree or strongly agree that the tool is easy to use in
general (ID-1.1), and it's also easy to edit, save and export a study (ID-1.3). The remaining
respondents are undecided onthese two criteria.

Two thirds of the users agree or strongly agree that the process of inputting data is clear and
efficient (ID-1.4), and the results are meaningful, easy to interpret and use (ID-1.5). The other
third remained undecided onthese assessment criteria.

For ID-1.6, "I could complete the process without errors”, half of the respondents disagree,
while the other halfis undecided or agree. Around 17% of the usersdisagree that computation's
overall speed is satisfactory (ID-1.7), and the software can be run from their computer without
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any issue (ID-1.8). The other users were undecided, agreed or strongly agreed with these
criteria.

From the spider graph, it's possible to assume that the criteria were well balanced, except for
criterion|D-1.6 were the meanvalue was below 3 - Undecided.

4.7.1.2 User Friendliness

The following statements have been set as criteria for assessing the LMO tool in terms of
the User Friendliness category.

TABLE 4.43: ASSESSED USER FRIENDLINESS CRITERIA -LMO
2.1 |The userinterfaceissimple, easy tonavigate and well-organised
2.2 |The userinterfacelooks professional
2.3 |lt responds promptly to useractions (inputs, selections, clicks, ...)
2.4 |lt providesthe user withenough help, indications and/or guidance throughout each process
2.5 |The meaning of each datainput/user selectionis clear
2.6 |The meaning of each data outputis clear
2.7 [Visualisation of resultsis clearand informative
2.8 |The usercanadd furtherinformationto the Study through the interface

Figure 4.65 presents in the form of stacked bars the user scores per each statement listed
above. The same results are presented in Figure 4.66 using a spider chart to highlight the mean,
maximum and minimum values.
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FIGURE 4.65: DISTRIBUTION OF USER SCORES PER FIGURE 4.66: MEAN, MAXIMUM AND
USER-FRIENDLINESS STATEMENT -LMO MINIMUM SCORES PER USER-
FRIENDLINESS STATEMENT -LMO

All the users agree or strongly agree that the user interface is simple, easy tonavigate and well-
organised (ID-2.1), and of the respondents agree or strongly agree that: the meaning of each
dataoutputis clear (ID-2.6).
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Two thirds of the respondentsagree orstrongly agree that the meaning of each data input/user
selection is clear (ID-2.5) and the visualisation of results is clear and informative (ID-2.7). One
third are undecided on these criteria. On ID-2.8, “The user can add further information to the
Study through the interface”, 50% of the users are undecided while the other half agree or
strongly agree withit.

Around 17% of the users disagree that: the user interface looks professional (ID-2.2); the
toolresponds promptly to user actions (inputs, selections, clicks, ...) (ID-2.3); the tool provides
enough help, indications and/or guidance throughout each process (ID-2.4). The rest of the
users are undecided or agree with this for ID-2.2 and ID-2.4 and are undecided or strongly agree
forID-2.3.

From the spider graph, it's possible to gauge that despite the low minimum value registered on
criteriaID-2.2, ID-2.3 and ID2.4, the average classificationin all the criteria were satisfactory.

4.7.1.3 Performance and Accuracy

The following statements have been set as criteria for assessing the LMO tool in terms
of Performance and Accuracy.

TABLE 4.44: ASSESSED PERFORMANCE AND ACCURACY CRITERIA -LMO
3.1 |Resultsare robustand notsensitive tosmall changes of inputs
3.2 [Resultsare credible and trustworthy forthe audience
3.3 [The accuracy of resultsis acceptable considering the granularity/complexity of data inputs used
3.4 [The accuracy of results corresponds to the user expectation for the stage of technology maturity
3.5 [The computational timeisadequate forthelevelof accuracy provided
3.6 [The software did not suffer from any sort of data shortage/lack of memory duringthe test
3.7 [The software can handle errors without crashing

Figure 4.67 presents in the form of stacked bars the user scores per each statement listed
above. The same results are presented in Figure 4.68 using a spider chart, to highlight the
mean, maximum and minimum values.
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FIGURE 4.67: DISTRIBUTION OF USER SCORES PER FIGURE 4.68: MEAN, MAXIMUM AND
PERFORMANCE AND ACCURACY STATEMENT -LMO MINIMUM SCORES PER PERFORMANCE
AND ACCURACY STATEMENT -LMO
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About 60% ofthe users agree that the results are credible and trustworthy forthe audience (ID-
3.2), and the accuracy of results is acceptable considering the granularity/complexity of data
inputs used (ID-3.3). The other users are undecided on these criteria. Again, 60% of the
respondents agree or strongly agree that the accuracy of results corresponds to the user
expectation for the stage of technology maturity (ID-3.4), and the software did not suffer from
any data shortage/lack of memory during the test (ID-3.6). The rest of the respondents are
undecided onID-3.4, and for ID-3.6, 20% are undecided, and 20% strongly disagree.

One third of the users agree or strongly agree that the software can handle errors without
crashing (ID-3.7), one third disagree on this, and the rest of them are undecided or strongly
disagree. 40% of the respondents agree that the results are robust and not sensitive to small
changes ofinputs (ID-3.1), while the rest ofthem are undecided onthis criterion. Finally, half of
the users agree that the computational time is adequate for the level of accuracy provided (ID-
3.5), one third of them are undecided, and around 17% strongly disagree onthis criterion.

Analysing the spider chart, it's possible to see that the mean scores obtained are not well
balanced. Also, incriteria ID-3.6 and ID-3.7, the consensus is far from being achieved. This can
be justified as different user expectations onthe Performance and Accuracy ofthe tool.

4.7.1.4 Value

The following statements have been set as criteria for assessing the LMO tool in terms of
the Value.

TABLE 4.45: ASSESSED VALUE CRITERIA -LMO
ID | Statement
4.1 |The software allows the userfull control of the design process
4.2 [lt producesresultsthatallow easy comparisons
4.3 [lt providesalarge range of alternatives tocreate/assess technologies

4.4 [The useris informed about the internal processing (e.g. remaining time, log) and warned about
potential inconsistencies

4.5 |The software meets my expectations in terms of results, graphical options, interaction, and
functionality

4.6 |l would recommendthe use of this software

Figure 4.69 presents in the form of stacked bars the user scores per each statement listed
above. The sameresultsare presented in Figure 4.70 using a spider chart to highlight the mean,
maximum and minimum values.
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Two thirds of the users agree or strongly agree that: the software allows the us er full control of
the design process (ID-4.1); the tool produces results that allow easy comparisons (ID-4.2); the
toolprovides alarge range of alternatives to create/assess technologies (ID-4.3); the software
meets the expectations interms of results, graphical options, interaction, and functionality (ID-
4.5); would recommend the use of this software (ID-4.6). The rest of the users are undecided
(ID-4.1, ID-4.2, ID-4.3, ID-4.5, ID-4.6) or disagree (ID-4.2, ID-4.3).

Again, two thirds of the respondents disagree that the user is informed about the internal
processing(e.g. remaining time, log) and warned about potentialinconsistencies (ID-4.4). The
remaining ones are undecided or strongly agree with this criterion.

From the spider chart is possible to state that the mean values obtained are well balanced,
except for criterion ID-4.4.

4.7.2 Qualitative assessment

This section presents feedback from both technical and industrial verifiers gathered from their
Software Evaluation Forms. Comments have been grouped under three main categories:
Overall user satisfaction, Unintended tool performance, and Proposals forimprovement. The aim
of this section is to guide the path for improvement of the Logistics and Marine Operations
(LMO)module.

4.7.2.1 Overall user experience

The Logistics and Marine Operations module is a computationally intensive tool. This caused
some sporadic crashes and bugs when running on the OCC server due to a shortage of server
RAM, when multiple users were testing the module simultaneously. This affected the user
experience of the testers on the OCC server and consequently the scoring and feedback.
However, verification partners thattested the module ontheir local machines (i.e. WES) did not
experience such memory crash problems.
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Generally, the feedback indicated that overall, the tool is valuable, but some improvements are
required. Accordingto the comments received, the following can be said about the overall user
satisfaction:

» Users highlighted the importance of visualizing what inputs were introduced.

» Users highlighted the importance of obtaining feedback about the computation progress
and estimated time left.

» The training video and provided documentation were helpful

» Ganttcharts are a nice feature

4.7.2.2 Unintended module performance

User experience was greatly impacted by the unexpected server behaviour (memory crashes
and freezes) whena larger number of users were testing the module simultaneously. While this
problem will not occur on the final desktop version of the LMO module, the following
unexpected problems were identified by someofthe users:

1. Some buttons were sometimes unresponsive (because the hyperlink was on the text
and not on the button). This problem was fixed.

2. In the Project initial page (1), modifying the inputs after having previously run the
module led to errors (unlock button was not deleting the results). This problem was
fixed.

3. The results page occasionally did not load automatically, requiring the user to press
refreshto visualize the results. This problem will be fixed.

4. On the final results page, the “view results” button did not always register the clicks.
This problem was fixed.

4.7.2.3 Proposals for improvement

Comments and suggestions from technical and industrial partners were grouped into the
following categories:

» Improvements on the formatting and wording of headers, button labels, and correction of
typos.

» Resolutionof memory leakage bugs and crashes.

» Improvements in the user experience while navigating and introducing inputs into the GUI
through:

= Validation of input files uploaded by the user (to validate if an incorrect file has been
uploaded).

= The implementation of detailed waming and error messages to assist in identifying the
source oferrors.

* The implementation of “help buttons” to provide more information to the user about
certain inputs (what they include/mean), as well as the consequences of certain input
selections.
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= The implementation offeedback about the expected computationtime
» Improve visualisationand handling of outputs:

* |mprove the presentation of results (e.g. Installation and Maintenance result tables, as
well as Gantt charts).
= Ability to visualize which inputs had been selected and led to these outputs
* Presentadditional outputs onthe result tables, namely the nameofthe vesselsand ports.
» Implementfunctionalities that were not available at the time of the verification process:

= Ability to export the study results
= Functionality to export the digital representation.

4.7.3 Identifying and solving inconsistencies

The feedback of the industrial partners and the technical verifier was extremely useful in order
to provide animproved LMO tool when preparing the beta version.

We expect to implement most of the improvements suggested by the verifiers (high priority
improvements, in Table 4.46); however, there are some others that, evenif it would be useful
to implement, very probably won't be implemented due to lack of time (lower priority
improvements in Table 4.47). Finally, there are some others that cannot be implemented
because either they are notin the scope of the LMO module (e.g. they are in the scope of the
main application), as shownin Table 4.48.

TABLE 4.46: HIGH PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OF

LMO
| Issue | Resolution
Modifying the complexity level orname of the | Thiswas caused by the memory shortage of the
study when someinputs already have been OCCserverby havingmultiple users running the
introducedcreates problems anderrors. module simultaneously. Thisisno longera
problem
Some buttons should berelabelled, namely the This will be implemented
“create” one, which should be changed to
“save”
Export functionality (study results)not working This will be implemented
It's easy to forget tofill in someinputs, which Datavalidation process will be implemented.
may cause errors or not. Input pages will be reorganizedto simplify the
input process and reduce the likelihood of
forgetting.
Not always obvious why some inputs are locked | Information will be provided, orlockedinputs will
orshaded in complexity 1. be hidden.
We're not sure why site inputs are separate This will be modified
fromthe rest of the modules.
Data checksto validate if the correct file was This will be implemented
introduced (orif any required file orinputis
missing)
Unclearerror messages More informative error messages will be
implemented
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Issue Resolution

More guidancein the GUI could be provided This will be implemented

Allow userto visualize and edit other module This will be implemented
inputs (instead of just delete)

Editing the previously introduced inputs is not This will be implemented
easy, as editing leads to deletingevery single
input and starting again

Button clicks not always registered Partially due to temporarily slow server. Solved.
Unclearwhat some inputs mean. Information will be added
- What doesthe maxHsreferto? Justthe
towing operation?
- What does the safety factors referto? Just the
vesselarea?
- Vessel statistics was not clear
-Clarify what the past experiencein MREmeans
- Not clearwhat underwaterinspection refers to

Cable load-out is notclear Solved.
OCT/HDD methods could be further described Information will be added
tothe user
The system did notrespond promptly; the input Partially due to temporarily slow serverand a
time was sometimes very long high number of simultaneous users testing the
tool. Still, this will be improved.
Provide feedback aboutthe expected This will be implemented
computationtime
Bugin the results page, whichrequired This will be implemented
refreshing the page to visualize the correct
results.
Introduce units of measurementin the outputs This will be implemented
Formattingresultstable and Gantts This will be implemented

TABLE 4.47: LOW PRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF

LMO
| Issue Resolution
When not onfull screenmode, the buttons We willimplement thisif thereis time.
become unformatted
Json file is hard to use for new users. Running We willimplement thisif thereistime.

LMO in standalone, it isimpossible to assess if
the datawas correctly provided orif anything

was missing
Showing logging when running the module We willimplementthisif thereistime.
would be useful to monitorthe calculation steps
It would be important to visualise the We willimplement thisif thereistime.

introducedinputs (possibly on the results page)
in orderto checkwhatwas run.
If an input file istoo large (e.g. siteinput), the We willimplementthisif thereistime.
duration of uploadingto the database should be
shown tothe user
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DTOcean+

Allow the userto specify a specificsequence of

This has been implemented through the
tasksto be led onshore and offshore

catalogues, whichare editable. However, it is

currently notuser friendly. This will be improved
ifthere istime.

This will be added if thereistime.

Considerbubble curtainequipmentto the piling
equipment.
Allow the userto specify additional equipment
that must be transported on deck forthe
installation and maintenance of the devices.

This can already be partially achieved by
increasing the dimensions of the device. This will
be addedifthereistime.

The device dimensions may be further broken
down. Forthe installation, the dimensions must
include the supportstructure. However, when
retrieving the device to repairat port (oron
deck), the support infrastructure may be lefton
the seabed. Thiswouldlead to deck space
savings

Inthe unlikely event of having time, we will
implement this.

Implement additional inspection equipment
(namely acoustic system) besidesthe ROV
equipment
Include preventive maintenance operations
(inspection) that require removing the device.

Inthe unlikely event of having time, we will
implement this.

This may be partially achieved by editing the
maintenance catalogues, butthisis currently not
user friendly. This will be improved if thereis
time.
We willimplementthisif thereistime.

Modify the colours of the “waiting on weather”
on the installation and maintenance Gantt
chartsto red oramore visible colour

TABLE 4.48: ISSUES THAT WILL NOTBEIMPLEMENTED IN THE BETA VERSION OF LMO

Resolution and Explanation
‘ R ‘ why it will not be implemented
This hasto do with the aspect of the global
toolset of the DTOceanPlus suite of tools, and the
Consortium will make a decision.

This will be implemented at a higher level
Thisis something that has something to dowith
the aspect of the global toolset of the
DTOceanPlus suite of tools, and the Consortium
will make a decision.

This hasto do with the aspect of the global
toolset of the DTOceanPlus suite of tools, and the
Consortium will make adecision.
Thisbug was caused by atemporary serverfreeze
due to low memory. Oncethe server was back on,
this problem disappeared.

The overall aspect of thetool is not very
professional, and it would be worth improving.

The export DRfunctionality is obscure
Comparing different studies

Left hand panelis notintuitive and notalways
working correctly

It seemsthat the "Delete” button in Site inputs
doesnot work. A message “"LMO study with
that ID does not have asite yet.” pops up when
thisbuttonis clicked. In addition, if the
“Update” button is pressed, the pop-up
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message isempty and cannotdirect the user
backto the interface “Project”.
Implement weights tothe portselection This will not be implemented as not beinga
algorithm in respectto port experiencein priority.
previous marine energy projects instead of
having it asastrict selectioncriterion.
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5. CONCLUSIONS

The objective of Task 5.9 was to carry out the testing of the Deployment Design tools in order
to verify that it meets all the previously defined requirements (in WP2 [16] and T5.1[5]). The
verificationtask has shown that each ofthe Deployment Design Tools:

» responds correctly toavaried set ofinputs,

» performsits functionsin anacceptable time and reasonable use of computational resource,
» is adequateinterms ofusability, and,

» is verified against control data.

The following actions were completed as part of the verification and were described throughout
this report:

Definition of the Verification Cases and evaluation criteria.

Organisation oftraining sessions (for technical and industrial partners).
Collectionofdata for each Verification Case.

Running the Verification Cases (by technical and industrial partners).

Analysis ofthe results based on quantitative and qualitative assessments.

Creation ofa task list of changes that could improve the tools to improve performance.

v v v v v Vv

A stable beta version ofeach ofthe Deployment Design Tools is now available. Additionally, a
first draft of the technical and user manuals delivered alongside the final version of the tools
has beenwrittenand included as Annex | to this report.

According to the quantitative results, the end-users involved in evaluating the tools were, in
general, satisfied with the usability, user-friendliness, performance, and value of the software.
The qualitative assessment feedback highlighted several improvements that should be made
to the tools. Fromthis, someofthe improvements have been categorised as high priority tasks,
that will beimplemented in the final release of the DTOceanPlus suite of design tools.

The next steps in the development of the Deployment tools will focus on the implementation
of the suggested improvements as discussed above alongside the full integration of the
modules with the other DTOceanPlus tools.

Further validation of the Deployment tools will be obtained as part of the work planned in WP;,
which aims to validate the suite oftools using real-world demonstration scenarios.
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7- ANNEXI: USER MANUAL

This annex provides anoverview of the User Manual that is being developed alongside the tools,
firstly outlining how this will be produced, and secondly providing an early draft of the
documentation content.

7.1 DOCUMENTATION FORMAT

As with the overall suite of tools, there will be an overarching main documentation, with a
separate set of documentation for each module. The main documentation will cover areas
including installing and running the tools; use cases and User journeys, including linkages
betweenthe various parts of the suite; and how to manage projects and studies.

To provide a dynamic and useful documentation systemfor the DTOceanPlus suite of tools, it
is proposed that this willbe developed with a linked hierarchical structure that canbe viewed in
a browser or exported as a document format as required. The documentation will follow an
established system#, split into four main areas preceded by a brief overview of the
functionalities and workflow:

Tutorials to give step-by-stepinstructions on using the toolfor new Users.
How-to guides that show how to achieve specific outcomesusingthe tool.

» Anexplanation of features and calculation methods gives technical background on how
the toolworks to give confidence inthe tools.

» The APlreference section documentsthe code of modules, classes, API, and GUI.

The documentationwill be produced using the Sphinx Python Documentation Generators.

The contents of the documentation will build on the work done to date within the project and
will continue to be updated alongside the code. The tutorials will build on those produced to
trainthe partners for the verification activities described inthe mainreport. The explanation of
features and calculation methods will be based on the comprehensive details outlined in the
alpha-version deliverables. Finally, the API reference section will document the code of the
modules based onthe code docstrings written alongside the module code.

The results of the verification activities will be used toimprovethe documentation; for example
the tutorials and/or how-to guides could be added orimproved to address any shortcomings
identified or feedback received.

The content from the alpha version deliverablesand code docstrings will not be included in this
annex but will be published alongside the final software at the end ofthe project.

4 The Documentation System, https://documentation.divio.com/
5 Sphinx Python Documentation Generator https://www.sphinx-doc.org/en/master/
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7.2 SITE CHARACTERISATION (SC)

This document is the User manual for the Site Characterisation module within the
DTOceanPlus suite of tools.

» Fornew Users, the tutorials give step-by-stepinstructions onhow to use the module:

* Accessingthe module onthe Open cascade server,
= (Creating anew study instandalone mode,
* Using the module atlow, medium and highcomplexity levels.

The how-to guides show how to achieve specific outcomes using the tool.

» The explanation of features and calculation methods gives technical background on how the
toolworks.

» The APIreference section documents the code of modules, classes, API, and GUI.

Using environmental data of a study site, the Site Characterisation (SC) module gives the User
the main characteristics of this site in terms of bathymetry, seabed types, marine species,
waves, tidal currents, winds and water levels. It also includes a time series of pertinent
parameters as well as statistics on these parameters like probability distributions, scatter
diagrams or extreme values.

7.2.1 Overview of the SC Functionalities

SC tool provides databases extraction feature and computes statistics based on these
extractions. These two mainfeaturesofthe module are described inthe following sections. For
more details about these functionalities, please refer to the technical note of the SC module

[8].

For consistency with the other tools, the module works with three different complexity levels,
which reflect the level of information that the User needs to provide. The module produces the
same outputs in terms of computed statistics. However, 2D Maps may not be generated
dependingon theinput data.

At the early: complexity level, named "“level1” in the GUI, punctual databasesare proposed to
the user who defines the wanted levels of energy for waves and tidal currents. The bathymetry
is automatically defined usingthe databases included inthe module except if the User wants a
constant depth which would be required then. The outputs are timeseries of main parameters
as well as statistics but do notinclude 2D Maps as the databases are punctual.

At the mid: complexity level, named"level 2” inthe GUI, 2D databases areproposedto the User
who, same as the low complexity level, needs to define the levels of energy for waves and tidal
currents. The outputs would then also include the computed statistics and 2D Maps of
bathymetry, seabedtype, currentsmagnitude and wavessignificant height.

At the late complexity level, the SC module allows the user to import their databases for the
lease area, corridor, seabed type and associated roughness length, endangered species, time
series (for example, the significant wave height or the tidal current magnitude) and the
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bathymetry. These databases are extracted, and statistics are computed. Statistics, timeseries
ofthe main parameters and 2D maps (if the inputs are in 2D) are finally provided to the User.

7.2.1.1 Databases extraction

For low and medium complexity levels, default databases would be used for this extraction,
while for high complexity level (level 3), the User chooses and import their databases.
Considering this distinction, the following list resumes the different data extracted by the
module:

» The water depth between the bottom and the local mean sea level expressed as "m

from MSL” (Mean Sea Level)

The type of sediment (rocks, pebbles, sands, ...)

From the type of sediment database, the roughness length z, is computed using
Nikuradse’s formula, which says that the gross roughness is equal to 2.5 times the
average diameter (D50) of the sediment. z, is expressed inmeters.

» The probability of the presence of endangered species. In the default database, 26
species were listed following the international and European conventions. This
probability of presence is expressed in %.

» Timeseries are also extracted from the databases for each complexity levels (at one
point for complexity level 1, at several points forcomplexity level 2 and at one orseveral
points for complexity level 3 depending on the User input databases). The following
databases are extracted:

a. Waves: significant wave height (Hs, in m), wave peak period (Tp, in s), wave
peak direction(Dp, in®, “comingfrom” convention), wave energy period (Tom1
orTe, ins), wave energy flux (CgE, in kW/m);

b. Tidalcurrents zonaland meridional component (Ucur, inm/s, Vcur, inm/s);
1om-wind speed zonal and meridional components (Uwnd, in m/s, Vwnd, in
m/s);

d. Waterlevels fluctuations (Wlev, in m).

7.2.1.2 Statistics

Foreachvariable extracted fromthe databases, a list of statisticsis computed, from basic ones
to multivariate extreme values analysis.

» The mean is the average value of the timeseries, i.e. the sum of individual values over
time divided by the number of individual values.

» The min and max are, respectively, the lowest and the highest individual values of the
timeseries.

» The medianis a simple measure of central tendency. To find the median, the individual
values are arranged from the smallest to the largest value. If there is an odd number of
observations, the median is the middle value. If there is an even number of
observations, the medianis the average of the two middle values.
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» The standard deviationstd is a numerical value used to indicate how widely individ uals
in a group vary. If individual values vary greatly from the group mean, the standard
deviationis big, and vice versa.

» EPD (Empirical Probability Distribution) represents the distribution of the variable
directly extracted from the database. It shows the percentage of occurrence of the
variableinside a range of bins.

» EJPD (Empirical Joint Probability Distribution) represents the distribution of two
variables considered together. It shows the percentage of occurrence inside bins.

P This statisticcomputes the wave environments Hs/Dpin order to calculate the fatigue
analysis inthe module Station Keeping of the DTOcean+ suite. It uses the statistic EJPD
to jointly cut Hs and Tp by bins and then classifies the results from the most probable
environment to the less probable one. It also associatesto each of these environments
the meanwave peak period (Tp), the maximum current speed and its associated current
direction, the maximum wind speed and its associated wind direction. More
informationis available in“D6.2 Station Keeping Tools”.

» EXT (EXTreme) statistic is based on an Extreme values analysis. It uses probabilistic
laws to predict extreme events (also called extreme values, or return values) for a
particular phenomenon over large return periods that usually exceed the duration of
the measured or modelled data.

» EXC (Extreme Contours) is the statistics extreme contours, also known as
environmental contour, this statistic represents a rational procedure for defining an
extreme sea stat condition. The objective is to define contours in the environmental
parameter space along which extreme responses with a given return period should lie
(Wintersteinet al., 2993) (DNV-RP-C205, 3.7.2).

7.2.2 Workflow for usingthe SCmodule

The workflow for using the Site Characterisation module can be summarised as 1) provide
inputs, 2) perform anassessment depending onthe complexity level, and 3) view the results, as
shownin Figure 7.1.
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\
* Select or import the databases.
/
\
¢ Perform extraction of variables from the databases and compute
statistics.
/
\
* Provides site information to other modules and see a graphical
overview of the results.
/

FIGURE 7.12: THEWORKFLOWFOR USINGTHE SITE CHARACTERISATION MODULE

7.2.3 Overview of SC data requirements

This section summarises the types of input data required to run the Site Characterisation
module. Full details and dataspecifications are givenin section 3.1.4. The requiredinputs to run
the module are summarisedin Table 7.1.

‘ Section ‘ Complexity 1 ‘

Waves

TABLE 7.1: SUMMARY OF REQUIRED INPUTS

Level of energy

Complexity 2

Level of energy

Complexity 3

Time series of all variables
describedinsection1.1.1

Tidal current

Level of energy

Level of energy

Time series of all variables
describedinsection1.1.1

None oraconstant

Constant value ora Netcdf

Bathymetry value None oraconstant value file
Lease Area None None Shapefile of thelease area
Corridor None None Shapefile of the Corridor
Seabed Type None None Netcdffile
RT_L;?,]Z:ESS None None Netcdffile. E);Sressed aszoin
Species None None Netcdffile. Expressedas %
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7.2.4 SC Tutorials
7.2.4.1 Accessing the Site Characterisation module on the Open Cascade server

The Site Characterisation module has been hosted on the Open Cascade server for the
verification tasks. To access the module, visit the web link and log into the server using the
provided Username and password.

7.2.4.2 Creating a new Site Characterisation study in standalone mode

Once logged into the server, the next step is to create a new study within the Site
Characterisation module. Since multiple Users across multiple organisations may be
simultaneously accessing the module on the server, please add your organisation’s name in
the name of the study you create. This is to ensure that all Users work onindependent studies
and are not editing the same study at the same time.

1. Onthe home page, click onthe 'Site Characterisation’image and click on ‘Create new
project’.

2. Choose“Standalone”runningmode, thenselect the appropriate complexity level.

3. The listofthe required inputs will then appear onthe following page

4. From this page, click on“save” or “save as” toname and save the project.

[Note that this tutorial will be updated once studies are centrally managed, but this reflects the
current version of the tool.]

7.2.4.3 Using Site Characterisation atlow and medium complexity level in standalone
mode

If no study siteis selected or no databasesare available to importinto the model, use the low
and medium complexity level of the Site Characterisationmodule.

1. If required, create anew complexity level10r 2 study, as described insection1.2.4.2.
2. Select the requested level of energy for the wave and current between low, medium
and high
3. Chooseif auniform bathymetry is required for the study
a. If not, the default database willbe used
b. Ifitis required, enterthe water depthin meters
4. Click on"“Run Module” to launchthe computation
a. Ifithas notalready beendone, enteraname foryour projectinthe “Save your
inputs before running” pop up
b. Click on"Save” to save your project under the indicated name
You can follow the progress of your projectinthe log section.
6. If the project is successful, click onthe “See Results” button to access the first results

v

page *, Overview.”
7. On the sidebar (on the left of the window), click on Waves, currents or 2D Maps to
navigate these pages.
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8. (Optional) Click on “Export results to PDF” to export all results pages in a single PDF
document

7.2.4.4 Using Site Characterisation at high complexity level in standalone mode

To perform a calculation on a given site using default or imported databases, use the full
complexity (level 3) version ofthe Site Characterisation module.

1. If required, create a new complexity level 3study, as describedinsection1.2.4.2.
2. Selecta default examplein the list or select “Import”

a. If “Import” is selected for the lease/corridor field, select a shapefile to import.
The other required files (.shx, .prj, .dbf) will be extrapolated from the shapefile
by the module.

b. If “Import” is selected for the Seabed Type, the Roughness Length or the
Species fields, select a Netcdffile to import. The required construction of these
files are detailed inthe technical note.

c. If “Import”isselected forthe Timeseries field, select a Netcdffile ora .csv file
to import. The construction of these files is detailed in *How to” note.

3. Chooseif auniform bathymetry is required for the study

a. If not, select a default example or “Import” to import a Netcdf file describing
the bathymetry.

b. If itis required, enter the water depthin meters

4. Click on"Run Module” to launchthe calculation
a. Ifithas notalready beendone, enter aname foryour projectinthe “Save your
inputs before running” pop up
b. Click on"Save” to save your project under the indicated name
You can follow the progress of your projectinthe log section.
6. If the calculationis successful, click on the “See Results” button to access to the first

v

results page “Overview”

7. On the sidebar (on the left of the window), click on Waves, currents or 2D Maps to
navigate these pages.

8. (Optional) Click on “Export results to PDF” to export all results pages in a single PDF
document

7.2.5 SC How-to Guides
7.2.5.1 How to prepare data using the Site Characterisation module

For complexity level 3, the User can enter their own files. If they do not have all the necessary
input files for the SC module, they will also be able to use the DTOceanPlus databases of the
previous two levels of complexity. Inorder touse their own data, the User must respect certain
formats, whichare described below.
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Direct values formats (Bathymetry, seabed properties, species):

e Directvalues databases must be in NetCDF format [17]

e Files are a structured matrix whose dimensions are longitude and latitude. Examples
can befound in the Databases folder ofthe module.

e Possible names for the longitude variable are: 'longitude’, 'lon’, 'x'or *X'.

e Possible names forthe latitude variable are:'latitude’, 'lat','y'or'Y".

e Possible names forthe bathymetry variable are:'Ho', 'Band1', 'elevation’,'Bathymetry’,
'DEPTH' or'depth'. Conventionis positive values inthe ocean, referenced to the mean
sealevel.

e Possible names forthe seabed type variable are:'seabed_type' or 'sediment_type'.

e Possible name for the roughness length variable is: 'roughness_length'.

e Userinputsintermsofendangered species are possible via the ESA tool graphical User
interface.

Timeseries (waves, tidal currents, windsand water levels):

Temporal databasesmust be either inNetCDF format orin csv format

Forthe NetCDF format, the file must contain all variables and dimensions: time,longitude, and
latitude.

Forthe csv, the delimiteris the character™,” and allthe variables must be inthe samefile.

For 1D timeseries, needed variables are the following (if a variable is missing, fill the column
withzero “0"): 'hs' (significant wave height), 'toma' (wave energy period), 'spr' (wave directional
spreading), 'fp' (wave peak frequency), 'dp' (wave peak direction), 'cge’ (wave energy flux), 'wiv'
(water level fluctuation), 'ucur' (zonal component of tidal current), 'vcur' (meridional
component of tidal current), 'uwnd' (zonal component of 1om-wind), 'vwnd' (meridional
component of 1om-wind).

Figure 7.2 shows anexample of csv file that can be used in the SC module (1D timeseries).

B £ L] E F ] H i i K L L2 ]
1 times o i ke atitude .3 el e ip ("] ge wilv O WELr waind wwird
2 : AREM1 0,27 78 358 .07 11,0 0.2 0.0 [ -] 0.2 8.0 59
3 4B 5761 (k=) 5.E7 583 0.8z 310 [ Lad 13 02 02 (]
] 468761 051 5.6 &1 0.083 112.0 0.3 165 5 ¢ 018 -0 (%]
] 4B 571 OLEER 573 &5 0084 3120 03 3.1 ool 006 [ &7
] 4E6T61 0.308 574 59.4 036 13.0 (%] .02 o .04 51 &4

FIGURE 7.2: EXAMPLE OF CSV FILE FOR 1D TIMESERIES

For 2D timeseries, needed variables are the following (if a variable is missing, fill the column
with zero “0”): 'hs' (significant wave height), 'fp' (wave peak frequency), 'dp' (wave peak
direction), 'wiv' (water level fluctuation), 'ucur' (a zonal component of tidal current), 'vcur'
(meridional component oftidal current).
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Figure 7.3 shows an example of CSV file that can be used in the SC module (2D timeseries),
which indicates that all the points (couple of longitude/latitude) must be specified at each time.

A 8 C D £ i G H 1
1 times longitude  latitude hs fp dp wiv ucur veur
2 01/01/2015 00:00 -1.691 48.6761 0.27 0.079 313.0 0.0 0.22 -0.2
3 01/01/2015 00:00 -1.6914 48,674 0.294 0.082 312.0 144 0.19 -0.2
4 01/01/2015 00:00 -1.6899 48,6713 0.31 0.083 312.0 2.65 0.11 0,15
5 01/01/2015 00:00 -1.6932 48.6777 0.312 0.084 312.0 3.23 0.01 -0.06
6 01/01/2015 00:00 -1.6877 48.6763 0.308 0.086 313.0 3.02 -0.1 0.04
7 01/01/2015 00:00 -1.6946 48.6754 0.308 0.086 313.0 2.07 -0.18 0.13
8 01/01/2015 00:00 -1.6896 48.6785 0.282 0.086 314.0 0.6 -0.22 0.19
9 01/01/2015 00:00 -1.6943 48.6729 0.29 0.087 314.0 0.0 -0.21 0.21
10 01/01/2015 00:00 -1.6933 48,6707 0.306 0,087 315.0 0.0 -0.14 0.17
11 01/01/2015 00:00 -1.6866 48.6727 0.314 0.089 315.0 0.0 -0.04 0.09
12 01/01/2015 00:00 -1.6898 48,6694 0.334 0.09 315.0 0.0 0.07 -0.01
13 01/01/2015 00:00 -1.6345 48.6798 0.366 0.093 314.0 0.0 017 -0.11
14 01/01/2015 00:00 -1.6858 48,6781 0.404 0.096 312.0 0.0 0.22 -0.19
15 01/01/2015 00:00 -1.6974 48.6736 0.442 0.098 3110 0.61 0.23 -0.22
16 01/01/2015 00:00 -1.6869 48,6802 0.464 01 310.0 217 0.17 -0.19
l7| 01/01/2015 00:00 -1.6965 48.6713 0.46 0.102 310.0 3.2 0.07 0.12
18 01/01/2015 00:00 -1.6924 48.6816 0.452 0.104 3110 3.46 -0.04 -0.02

FIGURE 7.3: EXAMPLE OF CSV FILEFOR2D TIMESERIES

7.3 MACHINE CHARACTERISATION (MC)

This is the User Manual for the Machine Characterisation module withinthe DTOceanPlus suite
oftools.

e Fornew Users, the tutorials give step-by-stepinstructions on using the tool,
e The how-to guides show how to achieve specific outcomes using the tool,

e The explanation of features and calculation methods gives technical background on
how the toolworks.

e The APlreference section documents the code of modules, classes, AP, and GUI.

The Machine Characterization module is used to define the features of either a Tidal or Wave
energy device that canbe later used inthe other modules of the DTOceanPlus suite of the tool.
The module can be assimilated to a catalogue with special functionality; in the case of wave
energy converter at high complexity, the module is used to estimate the hydrodynamic
coefficients of the system.

It is one of the Deployment Design tools intended to be run at the beginning of the design
process.

7.3.1 Overview of the MC Functionalities

The main purpose of the Machine Characterisation module is to collect data used to describe

the machine functionality, dimensions, cost, etc.... The inputs are divided into three main
categories:
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» General-collectinformationsuchas Unit Cost, Mass, Materials, Connectorand Foundation

types
Dimensions —collect information of sizes, areas and volumes

» Model - collect information that characterises the power performance of the machine,
efficiency, number of generators, etc....

Given the exception of the case of wave energy converters at high complexity, the outputs of

the module are exactly the inputs given by the User.

For the special case of wave energy converters at high complexity, the module outputs are the
hydrodynamic coefficients and the matrices required by the Energy Capture module to
estimate the hydrodynamicinteraction between devicesinthe array.

The module can either be run in three levels of complexity low (complexity 1), medium
(complexity 2) and high (complexity 3). The higher the complexity, the higher the number of
inputs required by the system.

7.3.2 Workflow for usingthe MCmodule

The workflow for using the Machine Characterisation module can is summarised in the graph
below:

sUnit Cost A

*Power rating

*Material

*Cable and seabed connection types Y,
~N

*Length, Width, Height, Characteristic Dimension, etc..

*\Wet Area, Dry Area, etc...

2. s5ubmerged Volume
Dimensions Y,

N

sEfficiency

sModel Limits

sNumber of Generators
/

FIGURE 7.4: THEWORKFLOW FOR USING THE MACHINE CHARACTERISATION MODULE

For the special case of wave energy convertersat highcomplexity, the step three can be further
divided into three sub-steps:
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1. Input definition
2. Coefficients calculation
3. Output visualization

7.3.3 Overview of MC data requirements

This section summarises the types of input data required to complete the Machine
Characterizationmodule. Full details and data specifications are given in the how-to guide on
preparing data.

Since this the main module functionality is to collect data for the other modules, all the inputs
presented to the User in the GUI are required. Some of the parameters will be masked in the
GUI depending on the complexity level. Contrary to other design modules that consume and
provide data, the Machine Characterization module is a data provider; therefore, the module
has the exact same behaviour bothinthe standalone and inthe integrated mode.

TABLE 7.2: SUMMARY OF REQUIRED INPUTS

‘ Section ‘ Description
General = Unit Cost
@ PowerRating
o Material
@ Mass
@ Footprint

o Electrical connectiontype

o Foundationtype

= Device technology: fixed/floating

@ Etc...

Dimensions o Characteristic Dimension (rotor diameter or characteristic length)
& Overallmachinesize

o WetandDryareas

@ Volumes
@ Etc..

Model o Efficiency (power coefficient or capture width ratio)
o Limits

s Machine functionality

7.3.4, MC Tutorials

It isimportant to notice that the information contained inthis sectionrefers to the actual state
of development of the module, which might vary if compared tothe released version due to the
feedback gathered by the Users inverification and validationtasks.

7.3.4.1 Creating a new Machine Characterization study in standalone mode

Once logged into the server, the next step is to create a new study within the Machine
Characterisation module. Since multiple Users across multiple organisations may be
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(@]

simultaneously accessing the module on the server, please add your organisation’s name in
the name of the study you create. This is to ensure that all Users work onindependent studies

and are not editing the same study at the same time.

Inputs

General

Model

Output

[4 Links

@& Home

Ml Studies

Inputs

Output

[4 Links

Dimensions

Welcome to D

Machine Characterization tc

This is an initial user interface, please rec

short description of the module objective and functiona

Click onthe start buttonto visit the
list of available projects.

=i Dashboard / Studies

™ Upload From File

Title Date Type

Click onthe "Add New Project” to
add a project.
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Create a new MC project

* Project Title

* Tags

* Project Compl

exity

* Machine type

* Project Descri

ption

AAU - RM3 ver

Wave Converter

short description of the task

Jan 22 2021 11

> V52_VC3_EDP

22:41

Jan 25 2021 12

> AAU - RM3 ver

:56:49

DTOcean+
tools — beta v —~—

Fill the form based onthe
verification case to run.

It isimportant to select the correct
Machine Type and Project
complexity.

Click onthe “Create” buttonto
create the project.

The project will appearin the Table
in the middle ofthe screen.

Use the scrollbar onthe right-hand
side ofthe screenif the projectis not
visible.

Remove Edit Dpe-'

Export

To openthe project page, click on
the “"Open” button onthe right-hand
side ofthe table.
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7.3.4.2 Using Machine Characterisation

In the general case, after a study has been created, the user is guided to defining the three types
ofinput previously described.For each ofthe input, the process is similar:

1) Fill the input in the given form
2) Savetheinputs into the DB using the "Submit” button
3) Movetothe nextsection

Please note that the data is not automatically saved, but it is the User’s responsibility to click
the “Submit” button.

The three sections ofthe inputs can befilled in any order.

7-3.4.2.1.1 WAVE ENERGY CONVERTER AT COMPLEXITY 3

For the case of a wave energy converter at complexity 3, the General and Dimensions inputs
remain unchanged, while the model input requires the additional calculation and output
visualization steps.

Help Select the type of

machine.
Inputs

OWC requires the
~ Submit X Reset User to provide the
mesh file of the
Wave Energy Converter Type @ Single Body owcC Multibody water column inside

the chamber.

General Definitions
Multibody

represents a single
WEC unit composed

Number of wave angles

of several bodies,
mechanical

interconnected. For
example, RM3 or

Pelamis are
examples of
Multibody WECs
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Number of wave angles

Number of wave frequencies 1

Minimum Wave Frequency (rad/s) 1.00
Maximum Wave Frequency (rad/s) 1.00
Heading Angle Span (degq) 0.0
Water Depth (m) 200.0

Free Body DOFs Check all

Surge Sway Heave Roll Pitch Yaw

Estimate Farm Interaction Matrixes

Specify the general
modelinputs:

1) Number of
wave angles used to
discretize the
numerical model

2) Number of
wave frequency
used to discretize
the numericalmodel

3) Heading
Angle Span
represent the

capability of the
converter to orient
itself  with  the
incoming wave
direction. odeg ->
the device cannot
rotate. 36odeg->the
device will always
rotate toward the
incoming wave
direction

4) Free Body
DOFs represents the
overall DOF of the
body. A  fully
unconstrained
system will have all
the DOF checked.
For Multibody
system the DOF
associated to the
mechanical
constraints are
defined in the Joint
Tab.

5) Estimate
Farm Interaction
Matrix MUST be
checked if the
Energy Capture
module must be run
after.
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Body Form

* Body Mass [Kg]

Body Mesh Type

Body Mesh Filename

Center of Gravity (COG)

Euler Orientation Angles

Moment of Inertia Tensor
-X

Moment of Inertia Tensor
=7

Moment of Inertia Tensor
-z

~ Confirm Cancel

- Mesh file name:

General Definitions Body Definitions PTO Definitions
+ Add Body

1D Mass Mol CoG Euler Angles:

No Dat
4
3
2
1
0
-1 0 1 2 3

Click on the Body
Definition Tab to
define the geometry
properties of the
machine.

To add a Body click
onAdd Body.

Specify all the inputs
of the form to fully
define the body.

To select a mesh file
please first select the
mesh type from the
list, (only Nemoh
available)

Refer to the
following page for a
description of the
meshfile format.

https://lheea.ec-
nantes.fr/valorisatio
n/logiciels-et-
brevets/nemoh-
mesh

Click Confirm to add
the body.
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The body will be

~ Sub R . .
o e listed in the Body
Wave Energy Converter Type Single Body owWC © Multibody Table- YOU can
delete the body or

General Definitions Body Definitions Joint Definitions PTO Definitions . .
visualize the
 Add Body associated mesh
D Mass Mol CoG Euler Angles Using the icons on
. [[1,0,0).[0,1,0].[0.0 : : the Operation

0 0 ] [1,0,0] [1,0,0]
' column.

[11,0,03,[0,1,01[0,0,

1,0,0] 1,0,0]
" [ ] [ ]

If Single Body is
selected, you cannot
spar_full.dat add any other body
to the system. Please
move to the PTO
definition page.

If the OWC is
selected, you must
provide a mesh of
the water column

inside the chamber.
Click add new body.

If Mulbtibody is
selected, you must
add all the body to
the list following the
instructions.

Please be sure that
the platform body is
always at the top of
the list by dragging
the rows to the
correct position.

The wec platform
represent the part of
the WEC connected
to the mooringor the
reference body. In
the RM3 the spar
must be selected as
platform.
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In the Joints
Definition tab it is
possible to define

felp

Inputs.

the mechanical
constraints of the
Wave Energy Converter Type Single Body OWC ©Q Multibody M U|t|b0dy System .

Submit * Reset

Click the
7 Adaringe 7 Aod Frismane corresponding
Operations 1D button to add a

0 0 : Prismatic (linear)ora
Revolute (rotation)
joint.

Fill the Joints form
and click confirm to

Joint Definition Form

« Gonfirm Gancel add the Joint to the
list.
Parent Body ID
Child Bedy ID
X Y F4
point_of_ap 0.00 0.00 0.00
plication
ERELELET 1.00 0.00 0.00
lication
In the PTO
{elp
Definitions tab s
| . .
Lt possible to specify
the PTO damping,
» Submit X Reset
the mooring
Wave Energy Converter Type Single Body OWC  © Multibody Stiffness a nd the
N , ) ) additional damping
General Definitions Body Definitions Joint Definitions PTO Definitions
and stiffness for each
Average PTO Damping Average Mooring Stiffness Additional DOF Of the m achlne
I
Surge 0.00 0.00 0.00 including the ones
o o o bon defined in the Joints
table.
Pitch 0.00 0.00 0.00
prismatico 1000000.00 0.00 0.00
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7.3.5 MC How-to Guides
7.3.5.1 How to prepare data for using the Machine Characterization module

The inputs required to runthe Machine Characterization module are mostly single value items,
such as integer, float, stringand boolean.

In a few specific cases, the User is required to prepare a separate file to be uploaded into the
GUL.

The requirements to prepare those files is described in the following (the cases described are
just the ones that require the preparation of a file before start, whichis not the case for Tidal -
complexity medium). For completeness, the full set of data required to run both tidaland wave
cases at all complexity levels is givenin the following tables.

TIDAL — COMPLEXITY HIGH

Forthe case of atidal machine at high complexity, the Power and Thrust coefficients curves can
be entered manually, editing the values point by point, or the User can create a simple Excel
file, with the data stored in column format. The file must have the following headers
respectively in the first row at column A, B and C: velocity, cp, ct. The respective data can be
filled from row 2 downwards.

WAVE - COMPLEXITY MEDIUM
Forthe case ofa wave machine at medium complexity, the Capture Width Ratio (CWR) matrix

should be provided by the User using a simple excelfile, withthe data storedin columnformat.
The file must have the following headers respectively in the first row at columnA, B, Cand D:
Hs, Tp, Dir and CWR. The respective data can befilled from row 2 downwards. Since the CWR
is a 3D matrixwith axis Hs, Tp and Dir, itis important to provide a flattened representation.

WAVE - COMPLEXITY HIGH
Forthe case of a wave machine at high complexity, the User must provide to files the Capture

Width Ratio (CWR) matrix and the body mesh. The first file has been described in the section
above.

The mesh file is a discrete representation of the shell of the machine’s wetted surface. So far,
the only accepted format is the Nemoh format, which description can be found at
https://Iheea.ec-nantes.fr/valorisation/logiciels-et-brevets/nemoh-mesh. In the final release,
other formats willbe available suchas WAMIT and possibly more general .stlfiles.

ALL OTHER CASES
Forthe case of a tidal machine at high complexity, the Power and Thrust coefficients curvescan

be entered manually, editing the values point by point, or the User can create a simple Excel
file, with the data stored in column format. The file must have the following headers
respectively in the first row at column A, B and C: velocity, cp, ct. The respective data can be
filled from row 2 downwards.

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 165 | 331



https://lheea.ec-nantes.fr/valorisation/logiciels-et-brevets/nemoh-mesh

Ds5.8

DTOcean+

Testing and verification results of the Deployment Design tools — beta

version

TABLE 7.3: TIDAL GENERAL INPUTS

|  Inputs description Variable Name | Complexity | Value | Units
Connector Type connector_type all “wet” -
Floating Machine Floating all false Bool
Rated Capacity rated_capacity all 1100 kw
Constant Power Factor constant_power_factor all 0.0 -
Machine Unit Cost machine_cost all 1.960.000 EUR
Material Name materials.material_name all “undefined” -
Material Quantity materials.material_quantity all 219370 kg
Max Installation Depth max_installation_water_de all -45 m
pth
Min Installation Depth min_installation_water_dep all -67.5 m
th
Min Interdistance X min_interdistance_x all 50.0 m
direction (rotation axis)
Min Interdistance Y min_interdistance_y all 50.0 m
direction (perperndicular
torotation axis)
Target Fundation Type preferred_fundation_type all “pile” -
Rated Voltage rated_voltage all 11.000 \Y%
TABLE 7.4: TIDAL DIMENSION INPUTS
| Inputs description Variable Name | Complexity | Value | Units
Beam WetArea beam_wet_area 3 330.0 m?
Rotor Diameter characteristic_dimension all 20.0 m
Draft "draft": 0.0, all 0.0 m
Dryfrontal area dry_frontal_area 3 o) m?
Dry profile dry_profile all - -
Footprint Radius footprint_radius all 20 m
Total Height Height all 30 m
Hub heigth hub_heigth 3 30.0 m
Total Length length all 3.5 m
Total Mass mass all 219370.0 kg
Submergedvolume submerged_volume all 433.0 m3
Wet Area wet_area all - m?2
Wet Frontal Area wet_frontal_area 3 165.0 m?
Wet Profile wet_profile all - -
Total Width Width all 3.5 m
TABLE 7.5: TIDAL MODEL COMPLEXITY 1
| Inputs description | Variable Name | Value | Units
Power Coefficient cp 0.37 -
Number of Rotor number_rotor 2 -
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TABLE 7.6: TIDAL MODEL COMPLEXITY 2

DTOcean+

| Inputs description | Variable Name | Value Units
Power Coefficient cp 0.37 -
Trust Coefficient ct 0.43 -
Cut-in Velocity cut_in_velocity 0.5 m/s
Cut-out Velocity cut_out_velocity 3 m/s
Number of Rotor number_rotor 2 -
Rotor Horizontal Interdistance | rotor_interdistance 10 m
(direction perpendicular to the
rotation axis)

TABLE 7.7: TIDAL MODEL COMPLEXITY 3

| Inputs description | VariableName | Value | Units
Power Coefficient cp See Table 3.10 -
Trust Coefficient ct See Table 3.10 -
Powerand Trust Curves’ Velocity cp_ct_velocity See Table 3.10 m
Cut-in Velocity cut_in_velocity 0.5 m/s
Cut-out Velocity cut_out_velocity 3 m/s
Number of Rotor number_rotor 2 -
Rotor Horizontal Interdistance (direction rotor_interdistance 10 m
perpendicularto the rotation axis)

TABLE 7.8: TIDAL CP/CT CURVES*

Velocity (@) | Ct
0.5 0.025 0.024
1 0.621 0.502
1.5 0.558 0.464
2 0.489 0.419
2.5 0.233 0.219
3 0.131 0.127

* only a subset of the data is presented; the full dataset can be found in the verification data

and in Figure 7.5.

®-Cp Ct

@

05 1 15 2 25 3
VELOCITY (M/S)

FIGURE 7.5: CP/CT CURVES
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TABLE 7.9: WAVE GENERAL INPUTS

|  Inputs description Variable Name Complexity Value | Units
Connector Type connector_type all “wet” -
Floating Machine floating all true Bool
Rated Capacity rated_capacity all 286.0 kw
Constant Power Factor constant_power_factor all 1.0 -
Machine Unit Cost machine_cost all 2.000.000 EUR
Material Name materials.material_name all “undefined” -
Material Quantity materials.material_quantity all 1000000 kg
Max Installation Depth max_installation_water_depth all -40 m
Min Installation Depth min_installation_water_depth all -100 m
Min Interdistance X min_interdistance_x all 600 m
direction (rotation axis)
Min Interdistance Y min_interdistance_y all 600 m
direction (perperndicular
to rotation axis)
Target Fundation Type preferred_fundation_type all “drag_embe -

dded”

Rated Voltage rated_voltage all 11.000 \Y

TABLE 7.10: WAVE DIMENSION INPUTS

Inputs description | Variable Name | Complexity |

Beam WetArea beam_wet_area 3 - m?
Characterisitc characteristic_dimension all 6.0 m
Dimension

Draft "draft": 0.0, all 0.0 m
Dry frontal area dry_frontal_area 3 0 m?2
Dry profile dry_profile all - -
Footprint Radius footprint_radius all 20 m
Total Height height all 42 m
Hub heigth hub_heigth none - m
Total Length length all 6.0 m
Total Mass mass all 1000000.0 kg
Submergedvolume submerged_volume all 1000.0 m3
Wet Area wet_area all - m?
Wet Frontal Area wet_frontal_area 3 - m?
Wet Profile wet_profile all - -
Total Width width all 6.0 m

TABLE 7.11: WAVE MODEL COMPLEXITY 1

| Inputs description Variable Name Value | Units
Capture WidthRatio (CWR) capture_width_ratio 0.31 -
Machine Archetype machine_archetype | “point_absorber” -
TABLE 7.12: WAVE MODEL COMPLEXITY 2
| Inputs description Variable Name | Value | Units
Capture WidthRatio (CWR) capture_width_ratio see Table 3.19 -
Hs (CWR) hs_capture_width see Table 3.19 M
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| Inputsdescription

Tp (CWR)

Variable Name
tp_capture_width

Value Units
s

see Table 3.19

wave_angle_capture_

Damping

Wave Direction (CWR) width 0 deg
Machine Archetype machine_archetype | “point_absorber” -
Power-Take-Off Average .

pto_damping 1000000 N/(m/s)

TABLE 7.13: WAVE MODEL COMPLEXITY 3

Inputs description

Variable Name

Value Units

, wave_frequency [051,1.5 2,2.53,35, Rad/s
Wave Frequencies 4,4.5, 5]
Wave Direction wave_direction [o] Deg
Heading Angle Span heading_angle_span Deg o
Generat.e Array ) get_array_mat true bool
Interaction Matrix
Degree of Freedom (DOF) dofs ["Surge","Heave","Pitch"] -
Shared DOF shared_dof [1,0,1,0,1,0] -
Total Number of ndof 4 i
Generalized DOF
Angular Discretization of
Inscribing Cylinder cyl_theta o )
Vertical Discretization of
Inscribing Cylinder cylzeta H )
Mechanical Joints
Definitionfor Multibody joints Joint1see -
Systems
Bodies Description bodies Bodyosee Table 3.16 i
Bodyisee Table 3.17
WaterDepth water_depth 100 m
. N/(m/s) or
PTO Damping pto_damping 12e6 Nm/(rad/s)
. ) N/m or
Mooring Stiffness mooring_stiffness 10000.0 Nm/rad
. . N/(m/s) or
Additional Damping additional_stiffness © Nm/(rad/s)
., . N/m or
Additional Stiffness additional_damping © Nm/rad
Capture WidthRatio capture_width_ratio see Table 3.19 -
(CWR)
Hs (CWR) hs_capture_width see Table 3.19 M
Tp (CWR) tp_capture_width see Table 3.19 s
Wave Direction (CWR) wave_angle_capture_width o deg
Wave Spectra: Directional wave_spectral:angular
Spreading _spreading_factor © )
Wave Spectra: Peak wave_spectral:peak_
EnhancementFactor enhancement_factor 33 i
\é\éa;;zSpectra: Spectrum wave_spectral:spectrum_type "JONSWAP” -
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TABLE 7.14: WAVEBODY o DEFINITION: SPAR

DTOcean+

Inputs description Variable Value
Name
ID ID o] -
[[94419615,0,0],
Moment of Inertia Tensor Mol [0,94497091,0], kg m?
[0,0,28542225]]
Body Mass mass 878300 kg
Center of Gravity cog [0,0,-21.79] m
Body Coordinate System Orientation .
. axis_angles [0,0,0] Deg
in Euler Angles
Mesh Name mesh “Spar.dat” -
Mesh Format mesh_format “Nemoh” -
Mesh Vertexes and Panels mesh_raw [ m

TABLE 7.15:t WAVEBODY 1 DEFINITION: FLOATER

nputs description Variable Name Value Units
D ID 1 -

I
[[20907301,0,0],
Moment of Inertia Tensor Mol [0,21306090,0], kg m?
[0,0,37085481]]
Body Mass mass 727010 kg
Center of Gravity cog [0,0,-0.72] m
Body Coordinate System Orientation .
. axis_angles [0,0,0] Deg
in Euler Angles
Mesh Name mesh “Floater.dat” -
Mesh Format mesh_format “"Nemoh” -
Mesh Vertexes and Panels mesh_raw 0 m

TABLE 7.126: WAVE JOINTS DEFINITION

nputs description Variable Name Value
D ID o}

| -
Parent ID parent o -
ChildID child 1 -
Point of Application point_of_application [0,0,0] m
Direction joint_direction [0,0,1] m
Joint Type type “prismatic” -
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TABLE 7.127: MACHINE CWR AT COMPLEXITY 2

Te
Hs 45 55 65 75 85 95 11 12 13 14 15 16 17 18
0.25 0O 03 02 02 02 01 01 01 01 01 0.1 o o} o}
o075 02 02 02 02 01 02 02 01 01 01 0.1 o} o o}
1250 01 02 02 02 01 02 02 01 01 01 01 o} o} o}
175 01 02 02 02 01 02 02 041 01 01 0.1 o} o} o}
225l 01 02 02 02 02 02 01 01 01 01 0.1 o} o o
275 02 02 02 02 02 02 01 01 01 041 041 o} o} o}
3250 01 02 02 02 02 02 01 01 01 01 01 o} o} o}
375 01 02 02 02 02 02 01 01 01 041 o} o} o} o}
425101 02 02 02 02 01 01 041 0.1 0.1 o} o o o}
475 02 02 02 01 01 01 01 01 01 0.1 o} o} o} o}
525l 021 02 01 01 021 01 01 01 01 0.1 o} o} o} o}
575§ 01 01 01 01 021 01 041 01 0.1 0.4 o} o} o} o}
625§ 0 01 01 01 01 01 041 01 0.1 o o} o} o o}
675 02 01 01 01 01 01 0.1 (o] 0 (o] (o] 0 (o] 0
725 01 01 o021 021 o041 o} o} o} o} o} o} (o] (o] 0
775 01 01 01 o041 o o} o o o o o o o o
8.25] 02 01 o012 o] (o] 0 0 (o] o (o] o o o 0

7.4, ENERGY CAPTURE (EC)

This is the user manual for the Energy Capture module withinthe DTOceanPlus suite oftools.

For new Users, the tutorials give step-by-stepinstructions on usingthe tool,
The how-to guides show how to achieve specific outcomes usingthe tool,

» The explanation of features and calculation methods gives technical background on how the
toolworks.

P The APIreference section documents the code of modules, classes, API, and GUI.

The Energy Capture moduleis used to evaluate the raw energy absorbed by anarray of either
Tidal or Wave energy devices. The module can be used intwo modes: In the first mode, the User
can estimate the array performance based ona given array layout, while in the second mode,
the User let the system find the array layout that maximisesthe energy production of the array.

The Energy Capture module is one of the Deployment Design Tools. In the design flow, the
Energy Capture is one of the first modules to runsince it provides the devices’ position used by
the Energy Delivery, Energy Transformation, Station Keeping and Logistic and Marine
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Operation modules. The Energy Capture module relies on the data provided by the Machine
Characterizationand the Site Characterization modules.

7.4.1 Overview of the EC Functionalities

The main purpose of the Energy Capture module is to estimate the annual energy production,
the average power production and the hydrodynamic interaction within the array. The inputs
aredivided into three main categories:

» Farm-—definition ofthe User, provided farmordefinition of the optimization strategy torun
» Site— definition of the installationsite, such as lease area boundary and energy flux
» Model-definition ofthe machine features, such as efficiency, number of generators, etc....

The outputs of the module are divided into two categories:

» Farm — array layout, array efficiency, annual energy production and average power
production

» Devices—the device's output compriseall the devices inthe farm, and for each ofthem, the
following metrics are given: device efficiency, device annual energy production and device
average power production

The module can either be run in three levels of complexity low (complexity 1), medium

(complexity 2) and high (complexity 3). The higher the complexity, the higher the inputs
required by the system interm or site and machine.
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7.4.2 Workflow for usingthe ECmodule

The workflow for using the Energy Capture module canis summarisedinthe graph below:

* Farm Defition Data
* Site Data
* Machine Data

~
* Verify a user given layout
2. * Optimize the layout given the lease area
Assessment Y,
~
* Visualize Farm layout
* Visualize Farm and Device energy production
* Visualize Farm and Device array efficiency
S

FIGURE 7.6: THEWORKFLOW FOR USING THE ENERGY CAPTURE MODULE

7.4.3 Overview of EC data requirements

This section summarises the types of input data required to complete the Energy Capture
module. Full details and data specifications are given in the how-to guide on preparing data.

The modules receive the data from other modules and the User. In the standalone mode, the
User will have to provide the data otherwise provided by othermodules.

TABLE 7.28: SUMMARY OF REQUIREDINPUTS
| Section | Description

Number of Devices
Farm @ Array Layout

o Optimizationstrategy and constraints

o Lease AreaBoundary

@ EnergyFluxand Energy Distribution

s Efficiency (power coefficient or capture width ratio)
Machine @ Installation Constraints

s Machine functionality

Site

The machine functionality will range from a simple definition of the type down to the matrix for
the Direct Matrixmethod's solution.
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7.4.4 EC Tutorials

It is important to notice that the information contained in this sectionrefers to the actual state
of development of the module, which might vary if compared tothe released version due to the
feedback gathered by the Users inverification and validation tasks.

7.4.4.1 Creating anew Energy Capture study in standalone mode

Once logged into the server, the next step is to create a new study within the Energy Capture
module.

Click onthe start buttonto visit
the list of available projects.

Welcome to

Inputs

Energy Capture tool vO0.(

Output

This is an initial user interface, pleas

& Home = Dashboard / Studies Click onthe "Add New Project”
to add a project.
M Studies
..-‘l.d;, New Project 1 Upload From File
Title Date Type

Inputs

Output

[4 Links
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Fill the form based onthe
verification case to run.

Create a new EC project

It isimportant to select the
o correct Machine Type and
* Project Title Verification Reference Model

Project complexity.

*Tags  tags

Click onthe “Create” buttonto
* Project Compl create the project.

exity

* Machine type Tidal Converter

* Project Descri Tidal Converter

) Wave Gonverter
ption

feset

The project will appearin the
Tablein the middle ofthe
screen.

® Add New Project 2 Upload From File

Title Date Type

Verification Ref Jan 04 2021 16
erence NModel :30:12

TEGC

To openthe project page, click
onthe “Open” buttononthe
right-hand side ofthe table.

Remove Edit Dpe-'

Export
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7.4.4.2 Using Energy Capture at low complexity in standalone mode

After a study has been created and opened, the user is guided to defining the three types of
input previously described. For each ofthe input, the process is similar:

1) Fill the input in the given form or provide the necessaryfiles
2) Savetheinputs into the DB using the "Submit” button
3) Moveto the nextsection

Please note that the data is not automatically saved, but it is the User responsibility to click the
“Submit” button.

The three sections ofthe inputs can befilled in any order.

FARMINPUTS

Select the target number of
devices: 10.

Target number of devices 10 1 The |ayout iS given by the
User, so ensure that the

Farm Layout Type = User Specified "User Speciﬁed" option is
selected.

Orientation Angle @ 0.00
Keep the orientation angle
ato.odeg.

Notes

Open the file RM1/RM3
layout in excel and copy

Device Position

(ctrl+c) the range A1:B1o.

x y

Onthe ECmodule, place the
533.811.652 5.234,315.113 .

cursor on the first element
533,705.804 5.234,381.605
533,599,956 5.234,448.097 of the x column and paste
sasage108 523481459 the clipboard content
533,388.26 5.234,581.082
533,282.412 5.234,647.574 (crtl+v).
533,599.702 5.234,918.27
533,705.55 5,234,851.778 Click “Submit” to save the
533,811.398 5.234,785.286 modification.
533.917.246 5.234,718.794

The data will be different for
the RM1and the RM3cases.
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SITEINPUTS

¥ e e To navigate the site input
page, click on the
“input/site” on the side

Study ID: 1 Page

menu (left-hand side).

site form

Drag and dropthe *.jsonfile
corresponding to  the
verification case or use the
click to upload to browse to
the file.

If the file format is not
correct, an error message
willbe displayed at the top of
the page.

= e e If successful, a summary of
the site condition will be
displayed at the bottom of
the page.

Study ID: 1 Page

NOTE: due to an error in
creating the summary item,
Site Condition Summary some of the items might not
e render correctly. Try to click
on the farm view and go

back to the site view, this

Lease Area Vertexes: | | 53

Average Velocity Magnitude (m/s).

should solve the
visualisation problem.
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MACHINE INPUTS

Study ID: 1 Page

Help

To navigate the machine input
page, click on the
“input/machine” on the side
menu (left-hand side).

Drag and drop the *.json file
corresponding to the
verification case or use the click
to upload to browse to thefile.

If the file format is not correct,
an error message will be
displayed at the top of the page.

Study ID: 1 Page

Machine Condition Summary

o Power Machine (W): 1100000

c Length (m: 20

wer Coefficient (- 0.5549722

If successful, a summary of the
machine definition will be
displayed at the bottom of the

page.

NOTE: due to an error in
creating the summary item,
some of the items might not
render correctly. Try to click on
the farm view and go back to
the machine view; this should
solve the visualization problem.

Once the process of input the datais terminated, the “Calculate” button will be enabled (right

topside ofthe page). The Calculate button will launch the background calculation.

The User is then redirected to the output page. The outputs will be automatically fetched once

the calculationis finished.

7.4.5 EC How-to Guides

7.4.5.1 How to prepare data for using the Energy Capture module

The User canenter the array layout definition either by editing the layout table one element at
a time, or by uploadingan excel file. The file must have the data stored incolumnformat. The
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file must have the following headers respectively in the first row at column A and B: easting,
northing. The respective data canbefilled from row 2 downwards.

The preparation of the site and machine data is done directly in json format. The json format
can be edited inany text editor.

The process to self-generate the json file is feasible for the low and medium complexity case
and for the complexity high in the case of atidal turbine.

Forthe wave case at high complexity, the process to generate the datais unfeasible since there
is no commercial software available to estimate the interaction matrices to be used in the
module.

7.5 ENERGY TRANSFORMATION (ET)

This is the User Manual for the Beta version of the Energy Transformation ET module within
the DTOceanPlus suite of tools. The Alpha version was released in May 2020, and it is described
in D5.4.

The ET module computes the transformation of energy from the power captured to the
electrical output of each device in an array of Ocean Energy Systems (OES). It is one of the
Deployment Design Tools, run after Energy Capture and Machine characterizationand before
Energy Delivery, as shownin Figure 1.1.

7.5.1 Overview of the ET Functionalities

The main purpose of the Energy Transformation module is to design the different energy
transformation steps:

» Hydrodynamicto Mechanic (Mechanical Transformation);

» Mechanicto Electric (Electrical Transformation) and Control;

» Electricto Grid (Grid Conditioning).

Hydro2Mech
Energy Loss

Elect2Grid
Energy Loss

Mech2Elect
Energy Loss

FIGURE 7.7: ENERGY FLOW REPRESENTATION IN THE ENERGY TRANSFORMATION MODULE
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The main outputs are costs, efficiency, reliability and bill of materials of the three energy
transformation steps. The module can either be runin simplified mode at eachtransformation
step, which corresponds to complexity 1, orinadvanced mode, in case of complexity 2 and 3.

From a User perspective, there is no substantial difference in the ET module computation
between complexity 2 and 3: the variationis that at complexity 2, the data is considered froma
series of existing items in the DTOceanPlus Catalogue, while at complexity 3, the User can
introduce their own inputs in the ET module, updating so the DTOceanPlus Catalogue. This
allows the user to runthe tool considering different complexities at each transformation steps.

Depending on the complexity levels selected, a global complexity level (called ET Cpx) will be
assigned consideringthe following practices:

ET Cpx 1: Atleast one of three transformation steps has complexity 1

ET Cpx 2: all the three transformation steps have complexity 2

ET Cpx 3: Atleast one of three transformation steps has complexity 3

Complexity 1at one transformation stepis not compatible with complexity 3 at any another
transformation step. Therefore, if the User selects complexity 1 at least for one
transformation step of the three, it will not be possible to runthe module at ET Cpx 2 or 3.

v v v Vv

7.5.2 Workflow for usingthe ET module

The workflow for using the Energy Transformation module can be summarised as 1) provide
inputs, 2) perform a design, and 3) view the results, as shown in Figure 7.8.

¢ Mechanical Characteristics data (from MC module) )
¢ Energy Capture data (from EC module)
¢ Site Characterisation data (from SC module)

 Configuration parameters/design options: wave or tidal technology
and complexity 1 to3

ePerform assessment of design options for selected inputs and
configuration options

2. Design

*View results at PTO level, device level, arraylevel (performance,
reliability, costs,mass)

FIGURE 7.8: THE WORKFLOW FOR USING THE ENERGY TRANSFORMATION MODULE
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7.5.3 Overview of ET data requirements

This section summarises the types of input data required to run the Energy Transformation
module. Full details and data specifications are givenin section 3.4.4. The requiredinputs to run
the module are summarisedinthe following tables.

ET module willobtaininputs from 3 different sources:

P Externalmodules
» Userinputs from the GUI
» Component Database (Catalogue)

7.5.3.1 Inputs from external modules

Depending on the complexity level and the technology, different inputs will be needed:

» The resource from the Site Characterisationmodule

» The absorbed energy and the device motion from the Energy Capture tool

» The device characteristics fromthe Machine Characterisationmodule

In standalone mode, these inputs will be uploaded to the ET study through 3 independent json
files. All external modules input studies must have the same complexity level. For more
information about the format of the inputs, check the how-to guide section.

Site characterization SC

As mentioned in D5.2, the outcome of SCis fully independent of the complexity on which SCis
run. Therefore, its output parameters are the same for every complexity of SC. However, in
complexity 3, the values can be given for different sea states so that the arrays canhave more
than one position (one per sea state). At complexity 3, there will be an array of parameters to
define eachsea state.

Wave energy converter (called “waves” in SC)

The following table shows the inputs parameters from SC, in the case of Wave energy
technology, independently from the complexity level of SCmodule.

TABLE 7.19: INPUTS FROMSITE CHARACTERISATION WAVE ENERGY CONVERTER

Variables Description Object Formatexample

“id” Id of the SC study "id":[ 0,1, 2]
“HS” Significant wave height "HS":[0.5,1,2]
“TP” Wave period "TP":[7,6,71]
“p” Probability of occurrence "p":[0.5,0.5, 0.5]

Tidal energy converter (called “currents”in SC)

The following table shows the inputs parameters from SC, in the case of tidal energy
technology, independently from the complexity level of the SC module.
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TABLE 7.20: INPUTS FROM SITE CHARACTERISATION TIDAL ENERGY CONVERTER

Variables | Description Object Formatexample
“complexity” "complexity": 2
“id"” Id of the SC study "id":[o,1, 2]
“p” Probability of occurrence "p":[0.5,0.5,0.5]

Machine Characterisation MC

MCmodule correspondsto the second input module to ET. The data requirementsfromMCare
presented below:

Wave Energy Converter

In the case of wave energy technology design, the input variables to the ET module are exactly
the same at eachMCcomplexity level with a slight difference in the format of the digital object
“pto_damping” as shownbelow.

TABLE 7.21: INPUTS FROM MACHINE CHARACTERISATION WAVE ENERGY CONVERTER

| Variables Description | Object Formatexample
“id"” Id of the MC study "id":[1]
Type of ocean
N » | energytechnology " "
technology (eitherwave or technology": WEC
tidal)
“complexity” | Complexity of MC "complexity": 1
e e
" .| PTOtoabsorb pto_camping :
pto_damping MC complexity level 3:
energy fromthe " -
pto_damping": [[548000, 0,0, 0, 0, 0], [0, 548000, 0, 0,0, 0],
resource
[0,0,548000,0,0,0],[0,0,0,0,0,0],[0,0,0,0,0,0],[0,0,0,0,0,0]]

Tidal Energy Converter

In the case oftidal energy technology, the input paraments from MC module to ET module vary
accordingto the complexity level of MC module, as showninthe following tables.

MC Complexity level1

TABLE 7.22: INPUTS FROM MACHINE CHARACTERISATION TIDAL ENERGY CONVERTER (CPX1)

|  Variables | Description | Object Formatexample
“id"” Id of the MC study "id":1
" . |Type of ocean energy technolo " o "
technology yp (eitherwave?)zftidal) 9y technology":"TEC
“complexity” Complexity of MC "complexity":1
“cp” Power coefficient "cp":0.37
“number_rotor” Number of rotors perdevice "number_rotor": 2
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MC Complexity level 2

TABLE 7.23: INPUTS FROMMACHINE CHARACTERISATION TIDAL ENERGY CONVERTER (CPX2)

| Variables
\\idll

Description |
Id of the MC study

Object Formatexample
"id":1

“technology”

Type of ocean energy technologyf
(eitherwave ortidal)

"technology":"TEC"

“complexity”

Complexity of MC

"complexity": 2

“Cp"

Power coefficient

"Cp": 0'37

“number_rotor”

Number of rotors perdevice

"number_rotor": 2

“tip_speed_ratio”

Tip Speed Ratio value

"tip_speed_ratio": 5.79

“Ct"

Thrust Coefficient

"ct":0.43

“cut_in_velocity”

Cutin velocity value

"cut_in_velocity": 0.5

“cut_out_velocity”

Cut out velocity value

"cut_out_velocity":3

MC Complexity level3

TABLE 7.24: INPUTS FROMMACHINE CHARACTERISATION TIDALENERGY CONVERTER (CPX3)

| Variables
\\idll

Description |
Id of the MC study

Object Formatexample
n idll: 1

“technology”

Type of ocean energy technology
(eitherwave ortidal)

"technology":"TEC"

“complexity”

Complexity of MC

"complexity": 3

\\Cpll

Power coefficient

“cp":[1.0,1.0,1.0]

“number_rotor”

Number of rotors perdevice

"number_rotor": 2

“tip_speed_ratio”

Tip Speed Ratio value

"tip_speed_ ratio": 5.79

\\ctll

Thrust Coefficient

“ct":[1.0,1.0,1.0]

“cut_in_velocity”

Cutinvelocity value

"cut_in_velocity":0.5

“cut_out_velocity”

Cut out velocity value

"cut_out_velocity":3

“cp_ct_velocity”

Velocities at whichcp and ct
coefficients are given

"cut_out_velocity":[1.0,1.0,1.0]

Energy Capture EC

The third input module to ET is the ECmodule, whichinputs parameters to ET are shown below.

Waveen ergy converter

In the case of wave energy technology, the input variables to the ET module are exactly the
same at each complexity level, but the format will change; for more information, go to the how-

to guide section.

TABLE 7.25: INPUTS FROMENERGY CAPTURE WAVE ENERGY CONVERTER

| Variables
\\idll

| Description
Id of the EC study

Object Formatexample
"id":1

“technology”

Type of ocean energy technology
(eitherwave ortidal)

"technology":"WEC"

“complexity”

Complexity of MC

"complexity": 3

“number_devices”

Numberof devices

"number_devices": 10
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“CapturedPower”

Capture power per condition

"siteConditionID"

Id of Site condition

"captured_power_per_condition": {
"capturedPower":[10001]
"siteConditionID": 2}

Tidal energy converter

In the case of tidal energy technology, the input paraments from the EC module to the ET
module vary according to the complexity level of the EC module, as shown in the following

tables.

EC Complexity levela

TABLE 7.26: INPUTS FROMENERGY CAPTURE TIDALENERGY CONVERTER (CPX1)

| Variables
\\idll

| Description

Id of the EC study

Object Formatexample
"id":1

“technology”

Type of ocean energy technology
(either wave ortidal)

"technology":"TEC"

“complexity”

Complexity of MC

"complexity":3

“number_devices”

Numberof devices

"number_devices": 10

“CapturedPower”

Capture power per condition

"site ConditionID"

Id of site condition

"captured_power_per_condition": {
"capturedPower":[10001]
"siteConditionID": 2}

“devicelD"

ID of a specific device in the tidal
farm

"hub_velocity”

Current speed at turbine hub

"array_velocity_field":
[{"devicelD" 1, "hub_velocity": 2.3}]

“main_dim_device”

Equivalent tothe diameter of
turbine device

"main_dim_device": 20

EC Complexity level 2

TABLE 7.27: INPUTS FROMENERGY CAPTURE TIDAL ENERGY CONVERTER (CPX2)

Variables Description | Object Formatexample

\\H ”
id

Id of the EC study

"id":1

Type of ocean energy

“technology” technology "technology":"TEC"
(eitherwave ortidal)
“complexity” Complexity of MC "complexity": 3

“number_devices”

Numberof devices

"number_devices": 10

“CapturedPower”

Capture power per condition

"site ConditionID"

ID of a specific sitein the tidal
farm

"capturedPower": [10001], "siteConditionID": 2}

"captured_power_per_condition": {

“devicelD"

ID of a specific devicein the
tidal farm

"hub_velocity”

Current speed at turbine hub

"array_velocity_field":
[{"devicelD": 1, "hub_velocity": 2.3}]

"rotor_diameter"

Size of tidal turbine diameter

"rotor_diameter": 20
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EC Complexity level3

TABLE 7.28: INPUTS FROMENERGY CAPTURE TIDALENERGY CONVERTER (CPX3)

| Variables | Description | Object Formatexample
“id"” Id of the EC study "id":1
Type of ocean energy
“technology” technology "technology":"TEC"
(eitherwave ortidal)
“complexity” Complexity of MC "complexity":3
“number_devices” Numberof devices "number_devices": 10
“CapturedPower” Capture power per condition "captured_power_per_condition": {

"capturedPower":[10001]

siteConditionID id of site condtion "site ConditionID": 2}

ID of a specific devicein the

“devicelD" "array_velocity_field":

tidal farm . )
- - " ID":1,"h I "2,
"hub_velocity” Current speed at turbine hub [*devicelD":2, "hub_velocity": 2.3}]
"rotor_diameter" Size of tidal turbine diameter "rotor_diameter": 20

7.5.3.2 User inputs from the GUI

The User will set basic information about the ET study and provide the main inputs of each
transformation stage depending onthe complexity level and technology.

Study: Name, description and standalone mode (yes/no)
General inputs: Parallel PTOs and shutdown flag

» Mechanical inputs: Main mechanical transformation parameters as power, type of
conversion, transformationratio, etc.

» Electrical inputs: Main generatorparameterslike rated power, voltage, frequency, etc.
Grid inputs: Main power electronics parameterslike rated power, DC-link voltage, switching
frequency, etc.

Wave energy converter

TABLE 7.29: USERINPUT GUI, WAVE ENERGY CONVERTER, CPX1, CPX2, CPX3, DEVICE LEVEL
(MECHANICALCONVERSION, ELECTRICAL CONVERSION, GRID CONDITIONING)

Parameter Unit Measure

DEVICE level

Mechanical conversion complexity 1/2/3[-]

Electrical conversion complexity 1/2/3[-]

Grid integration complexity 1/2/3[-]

Mechanical conversiontype Air Turbine / Hydraulic/ Gearbox

Electrical conversion type SCIG
Grid conditioning type B2B
Numberof PTO perdevice [-]
Shutdown flag [-]
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TABLE 7.30: USERINPUT GUI, WAVE ENERGY CONVERTER, CPX1, CPX2, CPX3, PTO LEVEL
(MECHANICALCONVERSION, ELECTRICAL CONVERSION, GRID CONDITIONING)

PTO level Complexity2/3
Mechanical conversion

Parameter Unit Measure
PTO level Complexitya
Mechanical Conversion Size (Max Power) kw
Mechanical Transmission Ratio -
Electrical Conversion Rated Power kW
Grid ConditioningRated Power kw

Turbine Type Wells/Impulse
Turbine diameter m
Air Turbine -
Turbine surface waterlevel area m?
Turbine transmissionratio [-]
Hydraulic motorsize m3/rad
Hydraulic Cross-section pistonarea m?
Transmission ratio [-]
Linearto Rated power kW
rotational Transmission ratio [-]
Electrical conversion type
Rated power kw
Rated rmsvoltage \
Nominal frequency Hz
Generatorinductance Hr
Generatorresistance Ohm
Generator pole pairs [-]
Maximum to nominal torque [-]
Maximum to nominal voltage [-]
Generator pole pairs [-]
Electrical conversion class [-]
Grid Conditioning type
Rated power(grid) W
DCLinkvoltage \
Switching frequency Hz
Grid rmsvoltage Vv
Resistance Ohm
Inductance Hr
Required cosfi [0-1]
Grid frequency Hz
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Tidal energy converter

TABLE 7.31: USERINPUT GUI, TIDAL ENERGY CONVERTER, CPX1, CPX2, CPX3, DEVICE LEVEL
AND PTO LEVEL (MECHANICAL CONVERSION, ELECTRICAL CONVERSION, GRID CONDITIONING)

Mechanical Conversion Size (Max Power)

Parameter
PTO level Complexitya

Unit Measure

kw

Mechanical Transmission Ratio

Electrical Conversion Rated Power

kw

Grid ConditioningRated Power
PTO level Complexity 2/3

Mechanical conversion (Gearbox)

kw

Gearbox_P_rated kw
Gearbox_transmission_ratio [-]
| Electrical conversion type
Rated power kw
Rated rmsvoltage \Y
Nominal frequency Hz
Generatorinductance Hr
Generatorresistance Ohm
Generator pole pairs [-]
Maximum to nominal torque [-]
Maximum to nominal voltage [-]
Generator pole pairs [-]
Electrical conversion class -]
| Grid Conditioning type
Rated power (grid) W
DCLinkvoltage \Y
Switching frequency Hz
Grid rmsvoltage \
Resistance Ohm
Inductance Hr
Required cosfi [0-1]
Grid frequency Hz

7.5.3.3 Catalogue inputs

Apart from externalinputs and User inputs, there are many other data needed for the detailed

computation of the ET results. Especially specific parameters of each component in the
transformationstages.

As this data is not usually known by mid-level Users, default datais included ina catalogue.

Catalogue parameters are used by all transformation stages in complexities 2 and 3 as the

models used are the same. These parameters will be modifiable only in complexity 3.
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From a User perspective, there is no substantial difference in the ET module computation
between complexity 2 and 3: the variation is that at complexity 2, the catalogue input data is
fixed in the DTOceanPlus Catalogue, while at complexity 3, the User can introduce his own
catalogue inputs datain the ET module, updatingso the DTOceanPlus Catalogue. This allows
the User to runthe tool considering different complexities at each transformation steps.

Air turbine

TABLE 7.32: USERINPUT FROM CATALOGUE, MECHANICALTRANSFORMATION, AIR TURBINE

Type
Manufacturer

Units

date

aaaa/mm/dd

Mass

[kg/m”3]

Cost

(€]

phi_mech

(-]

pi_mech

[-]

phi_hyd

(-]

psi_hyd

[-]

phi_eff

[-]

eta_eff

[-]

shaftD

m

fatigue_life[[ma,log(a)],[mz2,log(a2)]]

[

ac

(-]

Gearbox

TABLE 7.33: USERINPUT FROM CATALOGUE, MECHANICAL TRANSFORMATION, GEARBOX

id Type
Type
Manufacturer
date daaa/mm/dd
maxP_rel
power_loads_norm [-]
eff_levels [-]
fatigue_life[[m_step,log_a],[]]
Cost €/W
Mass kg/W
shaftD m/W
Hydraulic
TABLE 7.34: USERINPUT FROM CATALOGUE, MECHANICAL TRANSFORMATION, HYDRAULIC
| id Type
Type
Manufacturer
date aaaa/mm/dd
hyd_mot_eff
Bulk_Mod [Pa]
Qil [ oil_visc, oil_dens] [Pa-s], [kg/m3]
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Loss coefs[ Laminar leakage coeff, Turbulent [-1,0-1,[-1,[-1,[-]
leakage coeff, Viscous loss coeff, Friction loss
coeff,Hydr Loss coeff (motor) ]

Shaft Diam [m]
Mass [kg/W]
fatigue_life[[mz,log(a)],[m2,log(a2)]]
cost [€/W]
maxflow_rel

Generator

TABLE 7.35: USERINPUT FROM CATALOGUE, MECHANICAL TRANSFORMATION, GENERATOR

| id Type
Type
Manufacturer
date
|_nom Pnom/A
Gen_mass Kg/W
cost €/W

life[Class_A[k,ko, Temp_max[°C]],Class_B[k,ko, Temp_max[°C]],
Class_F[k,ko, Temp_max[°C]],Class_H[k ko, Temp_max[°C]I]

wind_mass_fraction [-]
Res W/ohm
Shaft Diameter W/m
sigma_e
sigma_h
Magnetic FluxDensity [T]
phi_cos [-]
om_shaft_norm [
eff_levels [-]
thick_max mm

Power converter

TABLE 7.36: USERINPUT FROM CATALOGUE, GRID TRANSFORMATION, GRID CONDITIONING

id
Type
Manufacturer
date
Cost €/W
life [-]
temp °oC
mass kG/W
IGBT150 Vceo[V], Rce[ohm], a[-], b[-], c[-], Vnom[V1]]
Diode1so Vfo[V],Rt[ohm],a[-],b[-],c[-],Vhom[V
IGBT450 Vceo[V], Rce[ohm], a[-], b[-], c[-], Vnom[V]
Diode450 Vfo[V],Rt[ohm],a[-],b[-],c[-],Vnom[V]]
IGBT800 Vceo[V], Rce[ohm], a[-], b[-], c[-], Vnom[V]]
Diode8oo Vfo[V],Rt[ohm],a[-],b[-],c[-],Vnom[V]]
IGBT1600 [Vceo[V], Rce[ohm], a[-], b[-], c[-], Vnom[V]]
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| Diode1600 | Vfo[V],Rt[ohm],a[-],b[-],c[-],Vnom[V]] |

Control
TABLE 7.37: USER INPUT FROM CATALOGUE, CONTROL

| id | Units
Type Passive/Userdefined

adim_vel [-]

Power_levels

Load_levels
Load_ranges

7.5.4 ET Tutorials
The use ofthe Energy Transformationtoolwillbe donein 3 steps:

1. CreateanEnergy Transformation Study
2. InsertUserinputs
3. Analysethe outputs

7.5.4.1 Create an ET Study in Standalone Mode

Once logged into the server, the next step is to create a new study within the Energy
Transformation module. Since multiple Users across multiple organisations may be
simultaneously accessing the module on the server, please add your organisation’s name in
the name of the study you create. This is to ensure that all Users work onindependent studies
and are not editing the same study at the same time.

1. Inthe left menu, select'ET Studies’ and click ‘Create Energy Transformation study’.

PERET] =¢  Dashboard

ET Studies

5 Analysis Mode

7 DTOcean+

2 WVC1_tidal_simp Yes 100 0 0 0

FIGURE 7.9: EXAMPLE OF CREATING AN ENERGY TRANSFORMATION STUDY

2. Fillin an appropriate name and descriptionto identify your study.
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L
Create an Energy Transformation study .

Name
Description

Standalone mode?

Please upload the files in the proposed order

Energy Capture study [RULTE=EEERRE TR EE
Site Characterisation study

Machine Characterisation study

Cancel

FIGURE 7.120: EXAMPLE OF CREATING ANEW STUDY Il
3. Selectif the study will runin Standalone or not. Inthe current version, only Standalone
modeis available
4. In Standalone Mode, before creatingthe ET study, the external modules files must be
uploaded. Be sure to upload the json files in the proposed order (EC, SC and MC). MC
upload will only be enabled after uploadingthe EC file. All external modules files must

have the same complexity level. Otherwise, anerrormessage will be shown.
m

7] ec_data_tidal1_VC1json: Bloc.. — [m] X

Input EC Data

"cay vier Drop file here or click to upload
"siteConditionID": [@]}

array_velocity_field":
{"deviceID": @, son files with a size less than 2Mb
“hub_velocity™: [1.76],
“siteID": [8]}

“main_dim_device™: 20
3
< >
Window Linea1, 100%

FIGURE 7.12: EXAMPLE OFHOWTO INCLUDE A .JSON ASN AN INPUT AT STANDALONE MODE

5. Once the necessary data has beencompleted, the ‘Create’ button will be enabled. Click
‘Create’to save these inputs and returnto the list of studies.

6. From the list of studies, click ‘Edit’ to update the description of the study or upload a
new external moduleinput file or'Delete’ to permanently remove a study.

7. In case of updating the external modules, again, upload the files in the proposed order
(EC, SC and MQ). If not all the files are to be uploaded, ensure that if the EC file is
updated, MCis uploaded again even if the file is the same. This is because the tool
updates the internal variables duringthe MCupload.

After the creation of the study with external modules inputs, the status variable will be 40 %.
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DTOcean+

m
\ 1 -~ 7/

[Note that this tutorial will be updated once studies are centrally managed, but this reflects the
current version of the tool.]

7.5.4.2 Analysis Mode: Insert User inputs

After creating a study, the User can continue creating other studies or proceed to insert the

inputs to an existing study.

&

In the left menu, select ‘Analysis Mode’. The list of the available studies will be shown.
2. Select the study to insert the inputs. A new window, ‘Analysis Mode Inputs’ will be
shown with the main study details: Name, description, technology and standalone

mode.

2 Dashboard

ET Studies

Analysis Mode

7 DTOcean+

Dashboard

Analysis Mode

Please choose the Energy Transformation study you would like to analyse from the list of studies below.

D Name Description

1 VN dad

2 VC1_tidal_simp

Standalone Status

N §C Study ID MC Study ID
mode [%]
Yes 100 0 0
Yes 100 0 0

FIGURE 7.22: EXAMPLE OF SELECTINGAN STUDY AT ANALISIS MODE

EC Study ID

=3 3

3. Five categories of input data appear. The different inputs will be displayed when

clicking the name of the category.

Dashboard

ET Studies

7 DTOcean+

=i Dashboard

Analysis Mode Inputs

Study details

Name:VC1_tidal_simp
Description:
Technology: Tidal

Standalone mode: Yes
Input data
General

Mechanical transformation
Electrical transformation
Grid conditioning

Contral

[=]

FIGURE 7.13: FIVE CATEGORIES GUI INPUT DATA
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4. Click the name of each category sequentially and insert the necessary inputs in the
drop-downmenus. Note that the tool will always show a default variable that the user

can modify. In mechanical, electrical and grid conditioning categories, select the
complexity level. The tool will then display the needed User inputs for the selected
complexity level, takinginto account the technology.
5. Once all theinputs have beenintroduced, the buttons ‘Save’and ‘Run’ are enabled.

a.

Click ‘Save’to save the introduced inputs inthe database of the study

b. Click 'Run’ to save the introduced inputs in the database of the study and run

the study. The tool willautomatically openthe ‘Outputs’ window

The Status variable will be 70% when the User inputs are saved and 100% when the study is run

and the outputs generated.

7.5.4.3 Analyse the outputs

Once the study has beenrun, the results will be available at the ‘Outputs’ window.

The outputs are categorized by array, device and PTO. Outputs can be seen in the graphical

interface ordownloaded.

4 DTOcean+

Analysis Mode Outputs
Study details

Name: VC4_4dispositivos
Description: VC4_4dispositivos

Standalone mode. Yes
Output data

Aray Qutputs Device Qutputs PTO Qutputs
+ Save the Qutputs of all the PTOs

Device 0 L+ Save the outputs for all the PTOs in the Selected Device
PTO_0_0 L+ Save the outputs for the selected PTO

Taxonomy

Design

Assessment - Energy
Assessment - Power
Assessment - Economics

Assessment - Reliability

FIGURE 7.14: EXAMPLE OF ENERGY TRANSFORMATION OUTPUTS

Note that the toolis very sensitive; a bad design will lead to a misperformance of the system. if

the results are not satisfactory, check if the external module's inputs are the desired and try
with other input values.
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7.5.5 ET How-to Guides

7.5.5.1 How to prepare external modules data for using the Energy Transformation module.
Standalone case.

This guide summarises the data requirements and specifications for running the Energy
Transformation module in full complexity standalone mode. The tool requires inputs from Site
Characterisation, Machine Characterisation and Energy Capture. The needed data will be different
depending on the complexity leveland the device technology (Wave or Tidal).

Forallexternal modules, the input data must be uploaded inajsonfile.

SITE CHARACTERISATION INPUT DATA
The following parameters are needed from SCand must be included inthe jsonfile.

"technology": "WEC" for Wave or “TEC” for Tidal

"complexity": 1, 2, or3

"Hs": significant wave height. Only for wave technology

"Tp": wave period

"Occ": occurrence

"id": siteid

Examples are shownbelow. For complexities 1and 2 only one sea state is considered:

vV v v v v Vv

{
"technology": "WEC",
"complexity": 1,

"Hs": [2],
"TP" : ['7] ,
"Occ": [1],
"id": [1]

In the case of complexity 3, more thanone sea state canbe considered.

{
"technology" : "WEC",
"complexity": 3,
"Hs": [2, 2, 3, 3, 2, 2],
"Tp": [6, 6, 7, 7, 8, 8],
"Occ": [0.16, 0.16, 0O0.16, 0.16, 0.16, 0.16],
"id": [1, 2, 3, 4, 5, 6]
}

Note that for tidal technology, the “Hs” parameter is not needed.

This project has received funding fromthe European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 785921
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ENERGY CAPTURE INPUT DATA
Again, different inputs are needed depending on technology and complexity level.

The following parameters are needed from ECand must be included inthe jsonfile.
Wave technology:

» "technology":"WEC",

P ‘"complexity":1,20r3

» "number_devices": Number of devices inthe array.

» “captured_power_per_condition": It willbe anarray of as many elements as the numberof devices.
Each element will consist of:

= "devicelD": deviceld.
= "capturedPower": captured power of the device measuredin kW
= "siteConditionID": site conditionid of the device

For Tidaltechnology, informationabout the device motionand rotor size is also needed:

» "“array_velocity_field": It will be an array of as many elements as the number of devices. Each
element will consist of:

= "devicelD": deviceld.
= "hub_velocity": linear velocity of the resource at the hub of the rotor in m/s
= "sitelD": site conditionid of the device

» "main_dim_device"incomplexity 10r "rotor_diameter"in complexities 2 and 3: gives information
aboutthe dimension ofthe tidal devicein m

Examples are shownbelow. For complexities 1and 2 only one sea state is considered:

{
"technology": "WEC",
"complexity": 1,
"id": 3,
"number devices": 2,
"captured power per condition":[
{"deviceID": O,
"capturedPower": [100],
"siteConditionID": [0]},
{"deviceID": 1,
"capturedPower": [150],
"siteConditionID": [0]}]
}

In case of complexity 3, more than one sea state canbe considered.
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"technology": "TEC",

"complexity": 3,

"id": 1,

"number devices": 2,

"captured power per condition":

[

{"deviceID": O,

"capturedPower": [10011, 10012, 10013, 10014, 10015, 10016],

"siteConditionID": [0, 1, 2, 3, 4, 5]},

{"deviceID": 1,

"capturedPower": [10051, 10052, 10053, 10054, 10055, 10056],

"siteConditionID": [0, 1, 2, 3, 4, 5]}

]I

"array velocity field": [

{"deviceID": O,
"hub_velocity": [2.75016301683056, 2.5133814393838345, 2.51338143

93838345, 2.3600507858955155, 2.29760598385362, 2.116560480963553],

"siteID": [0, 1, 2, 3, 4, 5]},

{"deviceID": 1,
"hub_velocity": [2.75016301683056, 2.5133814393838345, 2.51338143

93838345, 2.3600507858955155, 2.29760598385362, 2.116560480963553],

"siteID": [0, 1, 2, 3, 4, 5]}

]I

"rotor_diameter": 20

MACHINE CHARACTERISATION INPUT DATA
Information about the machine technology must be included in the json file. The parameters will
depend onthe complexity level and technology of the device.

Forwave technology:

»  "technology": "WEC",

»  "complexity":1,20r3

»  "pto_damping": damping of the device. It will be a unique value in complexities 1 and 2. In
complexity 3, itis a 6x6 matrixwith zeros in all the positions except for the degrees of freedom of
the device. In those positions, the value of the PTO damping for each degree of freedom will
appear. Thevalueis givenin N-s/m
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Examples of wave technology canbe found below.

{
"technology": "WEC",
"complexity": 1,
"id": 3,
"pto_damping": [1600000]
}

In case of complexity 3, pto_damping will appear as follows for a device with 3 degrees of freedom:

"pto_damping": [[548000, O, O, O, O, O], [O, 548000, O, O, O, O],[0, O, 5
48000, 0, 0, 03, [0, 0, 0, 0, O, 01, [O, O, O, O, O, O], [0, O, O, O, O,
011

Fortidaldevices, morecomplex parameters are needed for the identification of the machine:

»  "technology":"TEC",

>  "complexity":1,20r3

> "cp": power coefficient of the device

4 "number_rotor": number ofrotos ofthe tidal device

In the case of complexities 2 and 3, the following inputs are also needed.
> "tip_speed_ratio": 1,

P ‘"ct":is theinverse ofthe rotational speed of the device.

4 "cut_in_velocity": velocity at which the device starts generating

P ‘"cut_out_velocity": velocity at which the device stops generating

Only in complexity 3, this lastinput is needed.
> "cp_ct_velocity": hub velocity reference values for each cpand ctinputs given. In m/s

Examples of the jsonfiles are shown below for Tidal technology:

{
"technology": "TEC",
"complexity": 1,
"id": 3,
"cp": 0.3,
"number rotor": 3

}
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For complexity 3, more thanone sea state canbe considered:

DTOcean+

"technology": "TEC",

"complexity": 3,

"id": 3,

"ep": [0, 0.3, 1, 1, 0.5, 0],

"number rotor": 3,

"tip_speed ratio": 1,

"et": [0, 0.3, 0.3, 0.3, 0.5, 0],
"cut_in velocity": 1,

"cut_out _velocity": 10,
"ep_ct_velocity": [0, 0.5, 1, 2, 5, 10]

7.6 ENERGY DELIVERY (ED)

This is the User manualfor the energy delivery module within the DTOceanPlus suite of tools.

>

»

For new Users the tutorials give step-by-stepinstructionson usingthe tool,
= List of key tutorials to be added here.
The how-to guides show how to achieve specificoutcomes using the tool,

= Listof mainguidesto beadded here.

The explanation offeatures and calculation methods gives technical background onhow the tool
works.
The APlreference section documents the code of modules, classes, API, and GUI.

The Energy Delivery module is used to design the electrical infrastructure to transmit power from one
or more ocean energy convertors back to shore. It is one of the Deployment Design Tools, run after

Energy Capture and Energy Transformationand before Station Keeping. Link to main manual section
onthe suite of tools.

7.6.1 Overview of the ED Functionalities

The main purpose of the Energy Delivery module is to design the electrical network to transmit power

from devices to shore, including the:

» Arraynetwork —cables between Ocean Energy Convertors (OEC)

» Collection point (CP), which canbe a substationwithvoltage transformation or a passive hub.
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» Transmissioncableto the Onshore LandingPoint (OLP)

The design is based on User choices, design parameters from other modules, and a catalogue of
typical electrical components.

DTCOceanPlus Energjfeliver',' design scope

Array network Collection Point Transmission system Onshore gridisubstation

GCP

FIGURE 7.15: SIMPLIFIED GENERIC OFFSHORE ELECTRICALNETWORK FOR OCEAN ENERGY ARRAYS

The main outputs are a network design, the energy and power delivered to shore and network losses,
a total cost and bill of materials for the electrical components used, plus a hierarchy of how they are
connected.

The module can either be run in simplified mode (complexity 1) or full detail mode (complexity 2/3).
Note there is no difference in the design process between complexity 2 and 3, but these have been
retained for consistency with other tools. This also allows the userto select a medium complexity level
(2) if they are using surrogate data, for example, flat bathymetry.
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7.6.2 Workflow for using the ED module

The workflow for using the Energy Delivery module can be summarised as 1) provide inputs,
2) perform a design, and 3) view the results, as shownin Figure 7.16.

eSite characteristics (not required for low complexity) )
eDevice characteristics

eArray characteristics

eConfiguration parameters/design options

~
ePerform assessment of design options for selected inputs and
) configuration options
2. Design
_J
\

*View results of top network design options (ranked by cost of energy)
eSelect option totake forward in the remainder of the design process

J

FIGURE 7.26: THEWORKFLOWFORUSING THEENERGY DELIVERY MODULE

7.6.3 Overview of ED data requirements

This section summarises the types of input data required to run the Energy Delivery module. Full
details and data specifications are givenin the how-to guide on preparing data.

The required and optional inputs to runthe module are summarised inthe tables below. Note thatin
integrated mode, the required inputs will allcome from other modules except for the onshore landing
point co-ordinatesand networktopology to be assessed.

TABLE 7.38: SUMMARY OF REQUIREDINPUTS

Section Low complexity Full complexity
Site o Bathymetry dataand seabed material for both
characteristics B lease areaand export cable corridor
Device o Device rated power (kW) o Device technology: fixedffloating
characteristics @ Device rated voltage (V) o Device rated power (kW)
o Device rated voltage (V)

Array s Numberofdevices s Coordinates of onshore landing point
characteristics @ Array spacing (m) o Layout of devicesin array as a json string of

@ Distance to shore (m) device coordinates (m, m)

@ Onshore distance (m) o Frequency of occurrence of array power output
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Configuration o Onshoreinfrastructure flag | @ Network configurationto be assessed
parameters

TABLE 7.39: SUMMARY OFOPTIONALINPUTS

Section Low complexity \ Full complexity
Device o Device connectortype: wet-mate/dry-mate
characteristics - o Footprint radius

o Device powerfactor

o Location of device electrical connection, as (x, y, z)
relative to device (m, m, m)

o Device equilibriumdraft without mooring system (m)

Array o Onshoreinfrastructure | = Cost of the onshore infrastructure, for use in LCOE
characteristics cost calculation (€)
o Array AEP o Electrical losses of onshore infrastructure,
o Capacity factor percentage of annual energy yield
s Max/min voltage allowedin the offshore network (V)
Configuration s Predefined exportsystem voltage
parameters @ Maximum number of devices perstring in radial

configuration

o Predefined burial depth of the array cable(s) and
export cable

o Maximum seabed gradient considered by the cable
routing analysis

o Cable installationtool

o Cable protection option

s Maximum horizontal offset of device for umbilical
design

TABLE 7.40: TYPES OF ELECTRICAL COMPONENTS IN CATALOGUE

| Category ‘ Subcategory
Cables = Static cables
o Dynamic (umbilical) cables
Connectors @ Wet-mate
@ Dry-mate
Collection Points @ Collection point
o Transformers

7.6.4 ED Tutorials
7.6.4.1 Creating a new Energy Delivery study in standalone mode

Once logged into the server, the first stepis to create a new study withinthe Energy Delivery module.

1. Inthe left menu, select ‘Energy Delivery Studies’ and click ‘Create an Energy Delivery study’.
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2. Fillin an appropriate name and descriptionto identify your study, then select the appropriate
complexity level. Complexity level 1can be used to get a quick estimate with minimalinputs.
Complexity levels 2 & 3are the same and require additional input data parameterssuch as site
bathymetry.

3. Click ‘create’to save these inputs and returnto the list of studies.

From the list of studies, click ‘Open’ to start workingona study, ‘Edit’ to change the name or
description, or ‘Delete’ to permanently remove a study.

[Note that this tutorial will be updated once studies are centrally managed, but this reflects the current
version of the tool.]

7.6.4.2 Using Energy Delivery at low complexity in standalone mode

To get a quick estimate of the costs and efficiency of the electrical infrastructure, use the low
complexity (level 1) version of the Energy Delivery module. This assumes the devices are connected

in radialto a collection point and does not consider the exact array layoutnor the site bathymetry.

1)
2)
3)

4)

5)

If required, create a new complexity level 1study, as describedintutorial 2.

From the list of studies, click ‘Open’ to start working onthe complexity level 1 study

Click ‘Create’ under Device inputs to openthe page tofill in the d evice details

a) Enterthe Device rated power (kW) [required]

b) Selectthe Devicerated voltage (V) from the list of typical values [required]

c¢) Click “Create”

d) If successful, youwillget a message “Device inputs added”

Click ‘Create’under Array inputs to openthe pageto fill in approximate details of the array

a) Enterthenumberofdevices [required]

b) Enterthe array spacing (m) [required]

c) Enterthe distanceto shore (m), defined as the straight-line distance from the cable onshore
landing point to the nearest device inthe array [required]

d) Enter the onshore cable distance (m), which is the distance between the onshore landing
point to the onshore substation [required]

e) Optionally enter the cost of onshore infrastructure costs (onshore substation and cabling).
Enter the actual cost of the onshore infrastructure ifknown beforehand or leave emptyto use
a cost function that estimates the cost based onthe length of the onshore cable required and
the power level of the array.

f) Optionally enter eitherthe Array Annual Energy Production (AE) (kWh) ORthe average Array
capacity factor (%). If neither of these parameters is provided, a capacity factor of 0.3 is
assumed by default.

g) Click “Create”

h) If successful, you willget a message “Array inputs added”

Click ‘Create’under Cable configuration inputs to open the page to fill in the configuration details

a) Selectwhetherto include the onshore infrastructure cost ornotinthe analysis [required]

b) Click “Create”

c) If successful, youwillget a message “Configuration inputs added”
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6)

7)

8)

9)

To view the device, array or configuration inputs click “View/Update/Delete” under the
appropriate input type.

To update any of the device, array or configurationinputs, click *View/Update/Delete” under the
appropriate input type. Onthe update page, only input the parameters that need to be modified.
Click ‘Update’ after making the updates.

To delete the device, array or configuration inputs, click “View/Update/Delete” under the
appropriate input type. Click ‘Delete’, which will produce a pop-up window asking for
confirmation. Click ‘Delete’ again to delete the inputs from the database.

To runthe assessment, click the ‘Perform ED system design and analysis’, which should only take
a few seconds at complexity level 1. An alert window informs when this is complete. Click ‘view
results’ to see asummary ofthe design.

10) The followingsummary parameters are presented for simplified networkdesign

Configuration: always radial in simple complexity
Annual energy yield: kWh

Annual losses: kWh

Annual efficiency: %

Array power output: kW

Totalcost: €

Costofenergy (electrical): €/kWh

v v v vV v v Vv

Thereis no network schematic for the low complexity mode.

7.6.4.3 Using Energy Delivery at medium/high complexity in standalone mode

To perform a more detailed design of the electrical infrastructure, use the full complexity (level 2 or3)

versionofthe Energy Delivery module. There is no difference inthe inputs required or the calculation
process betweenlevels 2and 3, however, it is suggested level 2 is selected where surrogate datasuch
as a flat bathymetry is used to indicate this is a lower detail calculation.

1)
2)
3)

4)

If required, create a new complexity level 2 or 3 study, as described intutorial 2.

From the list of studies, click ‘Open’ to start workingona complexity level 2 or 3 study

Click ‘Create’ under Site inputs to openthe page tofill in the site bathymetry details

a) Upload two data files for the site lease area and export area (cable corridor) in json format
[bothrequired]. See the how-to guide for details of the format.

b) Click “Create”

c) Ifsuccessful, youwillgeta message, “Site inputs added”. Note that for large bathymetry files,
it cantake a while before the successfulmessage is displayed.

Click ‘Create’ under Device inputs to openthe page tofill in the device details

a) Selectthe type oftechnology (fixed/floating) [required]

b) Enterthe Device rated power (kW) [required]

c) Selectthe Devicerated voltage (V) from the list of typical values [required]

d) Optionally select the Device connector type (wet-mate / dry-mate). Wet-mate assumed by
default
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e) Optionally enter a Footprint radius (m). This is the radius of the circle around a device
considered as anexclusion zone for cable routing, 25m assumed by default.

f) Optionally enter the Power factor (-). This is a measure of the ratio between the real and
reactive power output ofa device. It normally has a value betweeno.gand 1.0, with 1.0 used
by default.

g) Optionally enter the Umbilical connection point (m, m, m), which is the location of the
electrical connection as (x, y, z) coordinates in the local (device) coordinate system. Please
ensure that there are no whitespaces in the input. (0,0,0) used by default.

h) Optionally enter the Equilibrium draft (m). om is used by default.

i) Click “Create”

j)  If successful, youwillget a message “Device inputs added”

5) Click ‘Create’ under Array inputs to openthe page to fill in details of the array configuration

a) Enterthe cablelandingpoint co-ordinates[required], which are the UTM co-ordinates (m east,
m north) of the point at which the export cable reaches the shore.

b) Copyin the Array device layoutin jsonformat [required]. See how-to guide for details of the
format.

c) Enterthe Frequency of occurrence of array power output (%) [required]. This is the frequency
of occurrence of the ten array power output levels [10, 20,30, 40, 50,60,70,80,90,100] percent
of rated power in the following format: e.g. [0.1,0.2,0.2,0.1,0.05,0.05,0.05,0.05,0.1,0.1]. The
values should add upto 1.0. Please ensure that there are no whitespaces in the input.

d) Optionally enter a lump-sum Onshore infrastructure cost (€). This includes the cost of any
cables/overheadlines betweenthe onshorelanding point and the nearest onshore substation.
Enter the actual cost ofthe onshore infrastructure if known beforehand or enter o to exclude
this cost from the analysis.

e) Optionally enter the Onshore losses (%). These losses are added to the network losses, as a
percentage of the network losses, after the evaluation of the network losses using a power
flow solver. Default is 0%.

f) Optionally enter the Maximum voltage limit and Minimum voltage limit (p.u.). Network
designs that cause the network voltage to go beyond the defined range between the
maximum and the minimum voltage limits will be considered to be technically unfeasible.
Default limitsare 1.1 and 0.9, respectively.

g) Click “Create”

h) If successful, you willget a message “Array inputs added”

6) Click ‘Create’ under Cable configurationinputs to openthe page to fill in the configuration details

a) Selectthe Network configurationto be assessedfrom the following options [required]

Direct to shore Radial Radial with transmission CP

= 0 A
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Single clusterstar Multi-cluster star Multi-cluster star with trans. CP

~ s ~
" v .

b) Optionally select the Export Voltage (V) from the list of options. Optimal export voltage
calculated if omitted.
c) Optionally enter the Maximum number of devices per stringinradial network

d) Optionally enter a Target burial depth for array cables (m) and the export cable (m). Input a
target burial depth of om for cables laid onthe seabed. The target burial depth will be ignored
if the cableinstallationtoolselected is “Seabedlay”.

e) Optionally enter a Cable installation equipment gradient constraint (degrees from
horizontal). No constraint (9o degrees) used by default.

f) Optionally select a Cable installation method. Notselectinga cable installation tool allows the
optimal method for the seabed type to be selected.

g) Optionally select a Cable protection option. This is relevant only when either the array or
export cables are seabed laid (i.e. have a target burial depthof om).

h) Optionally enter the maximum horizontal offset of the device (m). This parameter is
associated withumbilical design for floating devices.

i) Click “Create”

j)  If successful, you will get a message “Configuration inputs added”

7) To view the site, device, array, or configuration inputs, click “View/Update/Delete” under the
appropriate input type.

8) To update any of the sites, device, array, or configuration inputs, click “View/Update/Delete”
under the appropriate input type. On the update page, only input the parameters that need to be
modified. Click ‘Update’ after making the updates.

9) To delete the site, device, array, or configuration inputs, click “View/Update/Delete” under the
appropriate input type. Click ‘Delete’, which will produce a pop-up window asking for
confirmation. Click ‘Delete’ again to delete the inputs from the database.

10) Torunthe assessment, click the ‘Perform ED system designand analysis’ which may take several
minutes depending onthe number of devices and/or bathymetry points. Analert window informs
when this is complete. Once this is complete click ‘view results’'.

11) The following summary parameters are presented for the top three network designs (selected

based onthe lowest cost-of-energy for the electrical components).

4
4
»
»
4
4
4

Configuration: (topology)

Annual energy yield: kWh

Annual losses: kWh

Annual efficiency: %

Array real power output: kW
Array reactive power output: kVAr
Totalcost: €
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» Costofenergy (electrical): €/kWh
» Network schematic (example below)

2000 - Static cable
Dynamic cable
[C] Collection point

" O Onshore landing point
1500 ‘-—/ + Devices

Lease area
C Export area

1000 [

500

0 500 1000 1500

12) Optionally review the more detailed information provided on each ofthe network design options.

[Note that when the tool is running in integrated mode with the other modules, the User will select one
network to take forward for further design and analysis. This feature is not yet implemented. ]

7.6.5 ED How-to Guides

7.6.5.1 How to prepare data for using the Energy Delivery module

This guide summarises the data requirements and specifications for running the Energy Delivery
module in full complexity standalone mode but notes which parameters are not required at low
complexity and which come from other modulesinintegrated mode.

FORMAT THE BATHYMETRY DATA FORSITE LEASE AREA AND EXPORT CABLE CORRIDOR
For full complexity (2/3) only, not considered in complexity 1.

The bathymetry should be provided as two jsonfiles, for the site lease area and export cable corridor.
These files should be a rectangular grid containing water-depth and surface soil type, formatted as
UTM co-ordinates (m easting, m northing). The followingfields should be included:

“id” —asequential list of grid point ID numbers, startingat o.

"i” —index value for x points

“j” —index value fory points

“x"” —ordered list of X coordinates of grid points (m east)

“y” —ordered list of Y coordinates of grid points (m north)

“layer 1 start” — ordered list of Z coordinates of grid points (m). Note that positive is upwards,
therefore water depths are negative.

> “layeritype” —ordered list of soil types of grid points.

v v vV v v Vv
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Ashortexampleis shownbelow:

{"lease bathymetry": ({
"id": [0, 1, 2, 3, 4, 5, ..1,
"i": [0, O, O, 1, 1, 1, ..1,
”j”: [O, ll 2’ O’ 1/ 2, "']I

"x": [1l000, 1000, 1000, 1020, 1020, 1020, ..I1,
"y'": [500, 510, 520, 500, 510, 520, ..]

"layer 1 start": [-50, -50, -50, -50, -51, -52, ..],
"layer 1 type": ["loose sand", "loose sand", "loose sand", "dense
sand", "soft clay", "hard clay", ..],

b}

7.7 STATION KEEPING (SK)

This is the User manualfor the Station Keepingmodule withinthe DTOceanPlus suite of tools.

» Fornew Users the tutorials give step-by-stepinstructionson usingthe tool.
o Accessingthe module onthe Open cascade server
o Creating anew study instandalone mode
o Using the module at low complexity in standalone
o Using the module at medium/high complexity instandalone mode
» The how-to guides show how to achieve specificoutcomes usingthe tool.
» The explanation of features and calculation methods gives technical background on how the
toolworks.
» The APIreference sectiondocumentsthe code of modules, classes, API, and GUI.
The Station Keeping module is used to design and assess the mooring system, anchors and

foundations of the devices and substation. It is one of the Deployment Design Tools, run after Energy
Delivery and before Logistics & Marine Operations.

7.7.1 Overview of the SK Functionalities

The main purpose of the Station Keepingmodule is to design and assessthe mooring system, anchors
and foundations of the devices and substation, including (see Figure 7.17):

» Mooringlines for floating structure (design, ULS analysis and FLS analysis)
» Anchors (designand ULS analysis)
» Foundationfor fixed structure (designand ULS analysis)

The design is based on User choices and inputs, design parameters from other modules, and a
catalogue of typical line types and anchors.
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) Fixed device or

substation

Support structure
(e.q. jacket)

Floating device

Dc

Seasurface

Mooring lines

Foundation

Anchors

Scope of the Station Keeping module

FIGURE 7.27: SCOPEOFTHE STATION KEEPING MODULE

Sea bed

The main outputs are the assessment of the mooring system, foundation and anchor design, the total
costand bill of materials for the components used, a hierarchy of how they are connected.

The module can either be run in simplified, medium or advanced mode (complexity level 1, 2, or 3).
The level of details of inputs increases with the level of complexity. For example, at low levels of

complexity (2 and 2), it is proposed to the User to let the SK module automatically define suitable

dimensions of the mooring system, anchors and foundations.

7.7.2 Workflow for using the SK module

The workflow for using the Station Keeping module can be summarised as 1) provide inputs, 2) run

the designanalysis, and 3) view the results, as shownin Figure 7.18.

DTOceanPlus Deliverable, Grant Agreement No 785921

Page 208 | 331



D5.8 DTOcean+
Testing and verification results of the Deployment Design tools — beta v A —

version

#Site characteristics
sDevice characteristics
sMooring system properties
sFoundation properties

A
sDesign of catenary mooring system (optional) )
*ULS and FLS analyses of mooring system
sDesign of foundations and anchors (optional)
sULS analysis of foundations and anchors ),
*View results of mooring system and foundation/anchor design
»View results of mooring system and foundation/anchor assessment

y

FIGURE 7.18: THE WORKFLOW FOR USING THE STATION KEEPING MODULE

7.7.3 Overview of SK data requirements
This sectionsummarises the types of input data required to runthe Station Keeping module.

The required inputs to run the module are summarised in Table 7.41. Note that in integrated mode,
these all come from other modules except for the mooring, anchor and foundation properties.

TABLE 7.41: SUMMARY OFREQUIRED INPUTS
Site characteristics = Seastatesstatistics
o Wind statistics
= Current statistics
o Bathymetry

Device characteristics o Maindimensions

= Hydrostatic data

= Hydrodynamic data

o If tidal, rotor characteristics

Array characteristics = Layout of devices

Mooring system @ Mooringlines properties

properties = Mooringlineslayout
Foundation/anchors = Foundation/anchortype

properties o Foundation/anchormain dimensions
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7.7.4 SK Tutorials

7.7-4.1 TUTORIAL NO.1: DESIGNING MONOPILE FOUNDATION OF AFIXED TIDAL MACHINE
IN STANDALONE MODE

Step 1: create new project

Create anew project
| CREATE NEW
=+ B

\ 1 H
Variables required for the creation Select'standalone running mode

and ‘complexity level 3" and click

\ . 1
Running mode on‘confirm’.
o st With other modules
Complexity level
Lewed 1 Ll 2 u
Step 2 : define main device properties

Device positionning Enter the water depth where the
Sow wrater denity at ihe far ocanion deviceisto beinstalled.

Configure the devies dats

Doresc bd Rhorth P Erit Poorlataon Yow et Dot

Click on‘next page’
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Device Properties

Type of machine

Wind Ferce Model

Current and Mean Wave Drift Force Mode)
Machine Characleristics

Moaring System Input

Foundation

We will now have to fillinthe data
contained in each of the 6
sections of ‘Device properties.
Click on eachsectionto expand or
collapseit. We start by clickingon
the first section: ‘Type of
machine.’

Type of machine

Select the fype of posiNonning
* ]
Select the fype of machine

=]

In the section ‘type of machine’,
select ‘Fixed’ and ‘Tidal Energy
Converter’ as the considered
deviceis a tidal machine fixed on
the seabed.

Wind Force Model

Wind farce inclirded :

A submerged machine is not
exposed to wind.

Current and Mean Wawve Drift Force Mode|

Cavice prodie
e P o

= epe ey g

Erpeasd bonzascsl Eipased vwcal

i dempapEn o g

No current forces, and no mean
wave drift forces are applied
here. Forces on rotor are defined
separately, in the ‘Machine
Characteristics’ section.

Machine Characteristics

In the following, we will fill the
section‘Machine characteristics’

Mass of the device :

119700

Enter the mass ofthe device only,
not including the foundation
(since finding the mass of the
foundation is the goal of the
present analysis).
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Rotor thrust coefficient curve Populate the table to describe
] - the rotor thrust coefficient file. As

Add Line Load File _ _ _
an alternative, click on ‘Load file’
and enter the file path that
contains the rotor thrust

Velocity Thrust Coefficient

coefficient curve. The values will
be loaded in the table to check

=]

0.503313181 0 that the file has been interpreted
correctly.
0.569906809 0,338483064
Rotor diameier : Enter the rotor diameter, and

specify the position of the two
rotors relative to the seabed
level. If the device was floating,

Muly posiran

this would be relative to the free
surface level.
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Step 3 : define foundation analysis parameters

Dc
DTOcean+

Foundation
Select the soil rype
dense_sand
Soil Slope
0

Soil safety factor
User 0 | 0 If Dafawt ONV-0SJ103 5 used
L oid safery factor
1.3
Design load

[ ] ! 1 Manua

In the section ‘Foundation,
define the soil type (e.g. dense
sand). If we assume that the
seabed is flat, the soil slope is o.
We canuse the default soil safety
factor, and we set the load safety
factor equal to 1.3 (which is the
default value).

Foundation cyps
SOMT IO -

FOLinan Py | vty 0
Dimaasioning methoed : @

Marimom dellection ; Pile dip end : -]

Piley lnngrels
Ab0ve Saled ;

Choose Manual’ for ‘Foundation
type selection’, and ‘Pile’ as
‘Foundation preference’. The SK
module will be forced to consider
afoundation oftype ‘Pile’. Let the
‘Dimensioning  method’  be
‘Automatic’ so that SK module
will  compute the suitable
dimensions. The  maximum
deflection criteria are commonly
5% for fixed structure. Define the
pile end tip and length of the pile
aboveseabed.

Click on‘next page’
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Masterstructure not present

A master structure modelis used
when severalfloating devices are
moored together. This is not the
case here.

m Substation Properties

i & pebatadion reguired

In our case, we do not want to
define a substation. Select ‘No".
Click on'Next page’.

Step 4 : define ULS analysis parameters

@A nalysis Parameters

ULS Analysis Parameters

Wrather dirpcrion

dusvig $ Mg g T P {2 oo Felrn st 19 B SRl pPed

crbern peeod rifum peciad

Curment vefocity 10-paar Wind relocip 100-years

Set the weather direction to zero.
This does not matter much here
because we always assume that
the rotor faces the current
Define the Hs and Tp: their value
will be used to compute a water
particle velocity which will be
added to the current velocity in
order to compute drag forces on
the pile foundation. For the
forces on the rotors, however,
this does not change anything
since only the velocity from the
currentis used.

Set the current velocity value. Set
the wind velocity to zero, since
we are notinterested inwind.

Click on'next page’
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Step 5 : run analysis

Dc
DTOcean+

Inputs Summary

Device Positionning :

Device Properies :
Masterstruciure Properties
Substiation Properties :

LILS FLS Analysis Paramelers :

We are now onthe ‘run’ page. The
summary of the inputs shows if
each section has been validated
(‘complete’) or if some are
missing (‘incomplete’). At this
point everything should be
‘complete’. Clickon*‘Runmodule’.

Sawe yOLT INgRts Dedone running

N of Did Pragect

You are asked to save your
project. Enter a name for the
projectand click on‘Save’.

El 3
Step 6 : results
— In the 'Bill of Materials’ page, the
:-ELI:'Bi“ of Materials estimated cost of the pile
foundation shown. This
il deserpen ) . | corresponds to the cost of the
e 1l b v | Uetonl | i€t whole pile.
e _Poundation] 1 unsl 139587 1¥0ET
ESIIN vt - -
Tots ot 139087 €
"€ Design Assessment In the ‘Design Assessment’ page,
i the dimensions of the Pile
T foundation are  displayed:
Design diameter buried length and
e et ey ot thickness.

o T o g = LT

r e lnmgt

RN gl
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Dc
DTOcean+

-

ULS Results

Anchor | Foundaticn Critens

Crinevia Mama Caleiilated

Laberal Capaciy 4 Bla+h

Aodal lrakon capacity 1. Tha+

Al compression

c they 2 10u+s

Sxped Btniks critedion 15008

Hiipusat it

1 St

15Tee6

1 He3

Chick

On the 'ULS/FLS’ page, we can
check that the four criteria
required for a pile foundation are
validated for the ULS condition
that we have specified.

In a situation where we already
know the dimensions of the pile
which we would like to use, we
can use the SK module to check
the criteria for the dimensions of
the pile foundation. To do that, in
the ‘Foundation’ section, set the
‘Dimensioning  method’  as
‘Manual’, enter the dimensions of
the monopile and rerunthetool.

7.7-4.2 TUTORIAL NO.2: ASSESSING MOORING SYSTEM OF A WAVE ENERGY CONVERTER
IN ULTIMATE LIMIT STATE CONDITIONS IN STANDALONE MODE

Step 1: create new project

—
_o PROJECT

Createanew project

Variables required for the creation

Running mode

Complexity level

o

Select ‘'standalone’ running mode
and complexity levelzand click
on‘confirm.’
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Step 2 : define main device properties

O Device positionning
-

Device Information

L6 mater deniiy ol
the far laemse

[ T T

Enter water depth where the
deviceisto beinstalled.

N NN

Drevvize Id Mo Position Entit Posities Vi ‘iater Deprs
Click on‘next page’
Next Page *
Device Properties We will now have to fill the data
contained in each of the 6

Type of machine . \ . .,

sections of ‘Device properties’.

Wind Force Model Click oneachsectionto expand

Current and Mean Wave Drift Force Model or co”apse it. We start by

Machine Characteristics clicking on the first section:

Wooring System Input ‘Type of machine’

Foundation

Device P ) In the section ‘type of
evice Properties . N ,
P machine’, select ‘Moored’ and

— Wave energy converter’.
Popianing trpe - o
Maching hype - ’ [

Wind Force Model We assume that we will neglect
Win force included : the wind forces.

Current and Mean Wave Drift Force Model Enter the dimensions of the
Devics prafie main structure exposed to
SXpORed o cormant [« .
and mean wave o : current and mean wave drift
Exposed horizontsl Ewpeped vivtical forces.

L B T A
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Floating structure hydrodynamic Select ‘Nemoh_Run’ as a
ettod maed to feich source of hydrodynamic data,
the hydrodynamic dats : LA M Module as we have not run the DTO+
Namoh device o cae S Machine Characterization (MQ)

module (we are in standalone
mode). Select a default
machine (e.g. ‘RM3_6dofs’).
The  hydrodynamic data
contains linear diffraction and
radiation coefficients.

Mooring System Input The desired mooring system is

to be anchored on the seabed.
Anchor peint reference : o Mastersinucture

We use default safety factors.
ULS factor :

sarety We assume lifetime as 25

FLS safety factor (steef) ; g years
FLS safety factor (fiber) ;
Lifetime [years] : 25

Mooring system Automatic design  © . On the page ‘Device
definition methed : properties’, in the section
‘Mooring system input’, select
the ‘Custom’ mooring system
definition method.

m Click on the ‘Define’ Button to
open the custom mooring
system wizard. We will use this

wizard to define a taut system
with 3 nylonlines.

- Define oneline type: browsein
the ‘catalogue_id’ list and
[« | selectanylon rope diameter.
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_ Define 3 fairlead nodes: node
[ | o weal type is ‘Vessel’ and positions
are given in the floater
coordinate system.

. Add 3 anchor nodes: node type
o ° ol is ‘Fix'" and positions are given
in  Earth-fixed coordinate
system.

o : oo For those nodes, specify that
an anchor is required.

. Define 3 lines and specify their
length.

We define taut lines, so the
option '‘LINEAR_SPRING’ must
be selected for each line (so
those catenary equations are
not used).

Click on*Check and plot’ button

Diata reduired Ko the Gk & Piot Set water depth and Water
density and click on ‘Confirm’.
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A new page is opened. It
contains a 3D plot of the
defined mooring system, as

0 If the None method is selecied, no ancillanes would be defingd

®
well as other data: tension in
the lines, mooring forces and

mooringstiffness matrix.
Ancillaries We choose not to define
Anciliaries price method : s | — additional ancillaries at this

stage.

w1 Typ
tmlerier

Foundation
Sad e Eait nicpa
o ety Lt & W Dt e b
[FFERT
Cwnge maa & . B Ml it
Qi el R Mg MR o Pyl il

We use the default values for
the foundation design (which
will be anchors in this case).
DTO+ will select the most
appropriated type of anchor
and will design it automatically.

Masterstructure not P[Hﬁ-ﬂﬂt

A master structure model is
used when several floating
devices are moored together.
This is not the case here. Click
on'Next page’.

ﬁ Substation Properties

8 SuBaEsBon rguned

In our case, we do not want to
define a substation. Select
‘No’. Click on ‘Next page’.
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Step 4 : define ULS analysis parameters

ULS Analysis Parameters

Weather direction

nnnnnn

drray off Wi g T TR0 b ST pibrigad ol i Sya

s i Tp

Cmgar wakaciry 1 0 ppany Wind eplaciry 120 ppans
PR PiOd PR Do

Define weather directions for
ULS analysis.

Define the ULS condition for
waves (Hs, Tp) and current
velocity.

Step 5 : results

w44 fugl

In the ‘Design assessment’
page, you canfind asummary of
the mooringsystem design, the
line pretension, the estimated
eigen periods of the floater, the
mooring stiffness. You can also
find the calculated drag anchor
dimensions (9.5 tons).

AncPEr ! Foundalis
Tres Langih Widh Haight
ey Aninar 547 i e | 3 7
o
P Cornioc e
Crimical ling, srvironment and wialPsr dingclicsn
Line Marrs [ Dareetian Maximum lensisn MBL
Ling 8™ Ermesemanta® 1 1880 ] 18533 T M) FRISINE ]

ULE Criteria

In the ‘ULS/FLS’ page, ULS
analysis results are available. In
particular, in the ‘line result
section, if we select
‘static+dynamic’, we can see
that the ULS criteria is passed or
not.
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7.8 LOGISTICS AND MARINE OPERATIONS (LMO)

The present section is the User manual of the Logistics and Marine Operations module within the
DTOceanPlus design suite oftools.

» Fornew Users the tutorials give step-by-stepinstructionsonusing the tool.
= Accessingthe module onthe Open cascade server
= (Creating anew study instandalone mode
= Using the module atlow complexity instandalone
= Using the module at medium/high complexity instandalone mode

» The how-to guides show how to achieve specificoutcomes usingthe tool.

» The explanation offeatures and calculation methods gives technical background on how the tool
works.

» The APIreference sectiondocuments the code of modules, classes, API, and GUI.

The Logistics and Marine Operations is one module of the DTOceanPlus Deployment Design Tools.
This module is responsible for designing logistical solutions for the installation, operation and
maintenance (O&M), and decommissioning phases of ocean energy projects. Logistic solutions
consist of an operation plan and an optimal combination of vessels, equipment and ports that
minimise the costs of each operation individually, reducing capital and operational expenditures
simultaneously (CAPEX and OPEX). As the last of the Deployment Design Tools, the LMO module
runs after the entire list of design modules, including Machine Characterisation, Energy Capture,
Energy Transformation, Energy Delivery, and Station Keeping, receiving inputs from all of these.
(Section1.2.)

7.8.1 Overview of the LMO Functionalities

The main purpose of the Logistics and Marine Operations module is to design logistical solutions for
the installation, operation and maintenance (O&M), and decommissioning phases of ocean energy
projects. Logistic solutions consist of an operation plan and an optimal combination of vessels,
equipment and ports that minimise the costs of each operation individually, reducing capital and
operational expenditures simultaneously (CAPEX and OPEX).

For the different project lifecycle phases (installation, O&M, decommissioning), the logistical
solutionsinclude:

1. Infrastructure solutions —optimal selection of vessels, ports and supportequipment to carry
out the installation/O&M/decommissioning operations

2. Operation plans—operation durations, weathercontingencies, start dates, end dates.

3. Operation costs — cost of operations, including vessel chartering costs, fuel costs, port costs
and equipment costs. These costs grouped into installation, maintenance and
decommissioning

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 222|331




D5.8 DTOcean+
Testing and verification results of the Deployment Design tools — beta v —

version

® = E i 4 $ lalaal
%_"22_)5?_)_)“4'_)
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. Read design Compn»e logistical . Identify Calculate operation Estimate costs Calendarise
inputs and user requirements infrastructure durations and select optimal
preferences solutions and WOW optimal solution solutions

FIGURE 7.129: FUNCTIONALITIES OF THELMO MODULE

The module can either be run in simplified mode (complexity 1) or full detail mode (complexity 2/3).
Note thereis no difference in the logistic design process between complexity 2 and 3, but these have
been retained for consistency with othertools. For more information on levels of complexity within
DTOceanPlus, please see Section1.2.

7.8.2 Workflow for usingthe LMO module

The workflow for using the Logistics and Marine Operations module canbe summarised as1) provide
the first round of inputs, 2) provide a second round of inputs after first intermediate calculations, 3)
perform adesign, and 4) view the results, as shownin Figure 7.20.

eFarm and device characteristics \
eSub-system characteristics
Site data

eSimulation statistics
e|dentify phases to run

J

oSpecify lifecycle phase requirements
eSpecify operation preferences and methods

eCarry out design of the selected project lifecycle phases (Installation, O&M,
Decommissioning).

*View results, including operation durations, infrastructure selection and total costs,
for the desired project lifecycle phases (Installation, 0& M, Decommissioning).

FIGURE 7.20: WORKFLOW OF THELMO MODULE
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7.8.3 Overview of LMO data requirements

This sectionsummarises the types of input data required to runthe Logistics and Marine Operations
module. Full details and data specifications are given in the how to guide on preparing data (Section

7.8.5).

The required and optional inputs to run the module are summarised inthe tables below. Note thatin
integrated mode, the required inputs will come from three different sources:

» Externalmodules (MC, EC, ET, ED, SK)
» Userinputs from the GUI
» Component Database (Catalogue)

Input Page
Project inputs

TABLE 7.42: SUMMARY OF REQUIRED INPUTS

Low complexity (cpx1)
Installation start month (mm/yyyy)
Maintenance start month (mm/yyyy)
Considerdevice repair at port (Bool)
Device fully submerged (Bool)
Operations maximum wave height (m)
Project lifetime (years)

Full complexity (cpx2 & cpx3)
Installation start date (dd/mm/yyyy)
Maintenance start date (dd/mm/yyyy)
Considerdevicerepairat port (Bool)
Device fully submerged (Bool)
Project lifetime (years)

External inputs

Device type (WEC/TEC)

Device topology (fixed/floating)

Device dimensions (m)

Device mass (kg)

Number of devices

Farm layout

Energy transformation hierarchy

Mass of PTO components

Cost of PTO components

PTO rated power

PTO failure rates

Station keeping hierarchy

Anchor type, number, mass dimensions,
soil type, failure rates and costs

Mooring line type, number, mass
dimensions, soil type, failure rates and
costs

Foundation type, number, mass
dimensions, soil type, burial depth, failure
rates, and costs

Energy delivery hierarchy

Collection point type, number, mass
dimensions, soil type, failure rates and
costs

Cable type, length, burial depth, route,
soil type, burial method, cable
protections, connectortype, cable costs

Device type (WEC/TEC)

Device topology (fixed/floating)

Device dimensions (m)

Device mass (kg)

Number of devices

Farm layout

Energy transformation hierarchy

Mass of PTO components

Cost of PTO components

PTO rated power

PTO failure rates

Station keeping hierarchy

Anchor type, number, mass dimensions, soil
type, failure rates and costs

Mooring line type, number, mass dimensions,
soil type, failure rates and costs

Foundation type, number, mass dimensions,
soil type, burial depth, failure rates, and costs
Energy delivery hierarchy

Collection point type, number, mass
dimensions, soil type, failure rates and costs
Cable type, length, burial depth, route, soil
type, burial method, cable protections,
connectortype, cable costs

Site inputs

Bathymetry

Bathymetry
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met-ocean timeseries (Hs)
seabed characteristics

@ met-oceantimeseries (Hs, Ws, Cs)
@ seabed characteristics

Project o Installation @ Installation
lifecycle o Maintenance o Maintenance
phases o Decommissioning o Decommissioning
Phase o N/A Installation/Maintenance/Decommissioning phase
requirements requirements
o ConsiderROV/Divers
Operation o N/A o Device transportation method
methods o Device load-outmethod
@ Pile transportation method
o Pile load-out method
@ Anchorsload-out method
o Collection point transportation method
o Collection point load-out method
o Cable burial method
o Cable landfall method
TABLE 7.43: SUMMARY OF OPTIONAL INPUTS
Input Page Low complexity (cpx1) Full complexity (cpx2 & cpx3)

requirements

Projectinputs | @ NJA o Considerdevice towing draft (Bool)
o Device towing draft(m)
o Safetyfactorforvessel selection
o Fuel price (¢/ton)
s Specific Fuel Oil Consumption (g/kWh)
= Average vesselload factor
= Weatherwindow statistics
= Vesselstatistics
Phase o N/A Installation/Maintenance/Decommissioning phase

requirements

o Disregard ports without:

@ Previousexperiencein MRE projects

o Insufficient terminal area

o Insufficient terminal quay load bearing capacity
o Insufficient crane capacity at the terminal

o Qutside radius fromsite

7.8.3.1 User inputs from the GUI

The User will set basicinformationabout the LMO study and provide the main project inputs, device
and subsystem characteristics, as well as operation methods and preferences, depending on the

complexity level and technology.

» Study: Name, description, complexity and standalone mode (yes/no)
» Projectinputs: projectinstallationdate, maintenance start date, consider repair at port (yes/no),
device towing draft, project lifetime, vessel fuel consumption calculation parameters, vessel

statistics
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» Projectlifecycle phasesto consider: Installation, Maintenance, Decommissioning
Phase requirements: Installation, maintenance, and decommissioning preferences. Port selection
preferences.

» Operation methods: Operation methods to consider, namely, device load-out method, cable
landfall method, etc.

7.8.3.2 Inputs from External modules

In order to run the Logistics and Marine Operations module, different inputs from external modules
arerequired:

1. Device dimensions, mass, and technology type from Machine Characterisation module
Number of devices and farm layout from Energy Capture module
Hierarchy file and PTO designinputs from the Energy Transformation module
Hierarchy file and energy grid designinputs from the Energy Delivery module
Hierarchy file and station keeping design inputs (moorings, foundations) from the Station
Keeping module

U~ WoN

In standalone mode, these inputs will be uploaded to the LMO study through five independent json
files. Allexternal modules input studies must have the same complexity level.

7.8.3.3 Catalogue inputs

Apart from external inputs and User inputs, the Logistics and Marine Operations module uses
databases of vessels, port terminals and equipment, as well as operations and activities data stored
in a catalogue. These parameters may be changed by directly modifying the catalogue.

TABLE 7.44: CATALOGUES USED BY LMO

| Operation methods | Data origin | Units

Port terminals Catalogue -
Vessel: Vessel combinations Catalogue -
Vessel: Vessel clusters Catalogue -
Equipment: Cable burial Catalogue -
Equipment: Piling Catalogue -
Equipment:ROVs Catalogue -
Equipment: Divers Catalogue -
Operations and activities (Installation, Maintenance, Catalogue -
Decommissioning)

7.8.4 LMO Tutorials
7.8.4.1 Creating a new Logistics and Marine Operations study in standalone mode

Once logged into the server, the next step is to create a new study within the Logistics and Marine
Operations module. Since multiple Users across multiple organisations may be simultaneously
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accessingthe module onthe server, we ask that you add your organisation’s name in the name of
the study you create (e.g. “wavec_vco1”). This willensure that all Users workonindependent studies
and are not editing the same study at the same time.

1. Inthe left menu, select‘'Create project’.

2. Fill inan appropriate title and descriptionto identify your study, then select the appropriate
complexity level. Complexity level 1 can be used to get a quick estimate withminimalinputs.
Complexity levels 2 & 3 have the same functionalities, although inputs are expected to have
different uncertainties.

3. Click ‘create’to save these inputs and returnto the list of studies.

4. Fromthelist of studies, click ‘Open’ to start workingona study, ‘Edit’ to change the name or
description, or ‘Delete’ to permanently remove a study. The status progress bar denotes the
percentage of inputs that have already beenfilled in order to runthe module.

[Note that this tutorial will be updated once studies are centrally managed, but this reflects the current
version of the tool.]

7.8.4.2 Using LOGISTICS AND MARINE OPERATIONS at low complexity in standalone mode

At low complexity (CPX1), the LMO module was developed to provide simplified logistic designs,
requiring minimum inputs from the User and other design modules while minimizing computation
times. The LMO GUI is divided into four stages: i) Project, ii) Operations, iii) Calculations, and iv)
Results. In the first page, “Project”, inputs are grouped into four input categories: i) Project inputs,
which includes fundamental project parameters and device characteristics, ii) Other module inputs,
which groups all the inputs related to farm subsystems from other modules run upstream and that are
required to run LMO, iii) Site inputs, which consists of the input file from Site Characterisation related
to the lease area coordinates, bathymetry and environmental timeseries, and iv) “Project lifecycle
phases”, where the user is able to select which phases to analyse (i.e. installation, maintenance,
and/or decommissioning).

1) If required, create a new complexity level 1study, as describedintutorial 1(7.8.4.1).
2) Fromthelist of studies, click‘Open’ to start working onthe complexity level 1study
3) Click onthe “*Add” buttoninfront ofthe “Projectinputs” tab and:

a) Selectan Installationstart date [required®].

b) Selecta Maintenance start date [required’].

c) Specify whether device repair at the portis to be considered?® [optional]

d) Specify whether the device is fully submerged? [optional]

e) Specify the maximum significant wave height (Hs)° [required]

f) Specify the number of project years [required]

6 Selecting an installation startmonthis only required in case the installation phase is to be analysed.

7 Selecting amaintenance start month is only required in case the maintenance phase is to be analysed.
8In case this optionis not selected, repair on site shall be considered.

9 In case deviceis fully submerged, inspections to PTOs shall be carried out using ROVs or divers.

1 Default: 2.5m
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4)

5)

6)

7)

8)

9)

g) Click “Save”.

h) If successful, the User will be redirected to the Project page. Otherwise, an errormessage will
pop-up.

i) To modify or visualise the introduced Project inputs, the “"Update” button is now available.
Otherwise, the User may just delete these project inputs by pressing “Delete”.

Click onthe “"Add” buttoninfront of the " Other module inputs” tab and:

a) Confirm that you are on the MC module page. Click the upload button to introduce the MC
input file. [required]

b) On the module horizontal tab, select the EC module and upload the EC module input file.
[required]

c) Repeatthe previous steps foreachmodule. Inthe end, press the “Create” button [required]

d) Aconfirmationpop-up message willappear. Press confirm [required]

e) If successful, the User will be redirected to the Project page. Otherwise, anerrormessage will
pop-up.

Click onthe “Add” buttoninfront of the " Site inputs” tab and:

a) Clickonthe upload buttonto introduce the Site data, as produced by the Site Characterisation
module. [required]

b) Pressthe“Create” button. [required]

c) Aloadingsignwill appear ontop ofthe create button. If successful, the User will be redirected
to the Project page. Otherwise, anerror message will pop-up.

Specify which project lifecycle phases should be analysed inthe current test.

a) Pressinstallationfor simulatingthe installation phase

b) Press maintenance for simulatingthe maintenance phase

c) Pressdecommissioningfor simulatingthe decommissioning phase?*

Press the “Save and Lock". A loading sign will appear on top of the “Save and Lock” button.

Otherwise, anerror message will pop-up.

Once loading has been completed, the input tabs will be locked, not allowing for further changes.

In case the inputs are to be changed, press the “"Unlock” button. This will erase inputs that may

have been introduced downstream in the next pages (Operations or Calculations). Then, to

advance again, Step7 must be repeated.

Once loading has been completed, the *Next” buttonwill be unlocked. Press it to advance to the

next page. [required]

10) The lifecycle phases selected on the “Project” page are now displayed. If all three phases were

selected, then:

a) Pressthe“Generate” buttoninfront ofthe “Generate Installation operations”. Aloadingsign
will appear on top ofthe Generate button [required]

b) Press the “"Generate” button in front of the “Generate Maintenance operations”. A loading
sign will appear on top of the Generate button [required]

c) Press the “Generate” button in front of the “Generate Decommissioning operations”. A
loading sign will appear ontop ofthe Generate button. [required]

11 The decommissioning phase can only be simulatedif the installation phase also was selected.
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d) If successful, the “Generate” buttons will change to “Delete” buttons, which may be pressed
to delete the generated operations. Otherwise, anerror message will be shown.

e) When every operation has been generated (every “Generate” button was replaced by a
“Delete” button), press “Next".

11) The User will be redirected to the Calculations page.

a) Press“Computeinstallationresults” and wait. If successful, a confirmation message with the
computation time will be presented, and the “Compute installation results” button will be
replaced by a red “Delete installation results” button. Otherwise, an error message will be
presented. [required]

b) Press “Compute maintenance results” and wait. If successful, a confirmation message with
the computationtime will be presented and the "Compute maintenance results” button will
be replaced by a red “"Delete maintenance results” button. Otherwise, an error message will
be presented. [required]

c) Press “Compute decommissioning results” and wait. If successful, a confirmation message
with the computation time will be presented and the "Compute decommissioning results”
buttonwillbe replaced by a red “"Delete decommissioning results” button. Otherwise, an error
message will be presented. [required]

d) Finally, press“View results”

12) The User will be redirected to the results page.

a) Presstoview the Installation Solution. This will redirect to the installation results page.

b) Pressto viewthe Maintenance Solution. This will redirect to the Maintenance results page.

c) Pressto viewthe Decommissioning Solution. This will redirect to the instal Decommissioning
results page.

7.8.4.3 Using LOGISTICS AND MARINE OPERATIONS at medium/high complexity in
standalone mode

In the case of higher data availability, the Logistics and Marine Operations module can be runat a
higher complexity level (CPX2 or CPX3), to provide more detailed assessments. Inthese complexities,
the financial assessment functionality is available. In this case, inputs are grouped into four input
categories: i) Project inputs, which includes fundamental project parameters and device
characteristics, ii) Other module inputs, which groups all the inputs related to farm subsystems from
other modules run upstream and that are required to run LMO, iii) Site inputs, which consists of the
input file from Site Characterisation related to the lease area coordinates, bathymetry and
environmental timeseries, and iv) “Project lifecycle phases”, where the user is able to select which
phases to analyse (i.e. installation, maintenance, and/or decommissioning).

1) If required, create a new complexity level3study, as describedin tutorial 1.
2) Fromthelist of studies, click ‘Open’ to start working onthe complexity level 3study
3) Click onthe “*Add” buttoninfront ofthe “Projectinputs” tab and:

a) Selectan Installationstart day [required®?].

2 Selecting an installation start dateis only requiredin case theinstallation phase is to be analysed.
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b)
@)
d)
e)

9)
h)

)
k)

)

m)

n)

Select a Maintenance start day [required®].

Specify whether device repair at the portis to be considered4 [optional]

Specify whether the device is fully submerged?s [optional]

In case the device may betowed to the site, and the towing draft is significantly different from

the device draftinresting conditions, thenthe towing draft may be specified:

i) Presstheconsider checkbox [optional]

ii) Specify the device towingdraftin meters. [optional]

Specify the number of project years [required]

Specify the Safety factor for vessel selection. [optional]

Specify the vessel Fuel price to calculate fuel costs. [optional]

Specify Specific fuel oil consumption. [optional]

Specify the Average vessel load factor. [optional]

Press the statistics tab

i)  To modify the weather window statistic parameter, select the dropdown table. For this
tutorial, leave itas Median (P50).

i) To modify the vessel statistics parameter, select the dropdown table. For this tutorial,
leave it as Median (P50).

Click “Create”.

If successful, the User will be redirected to the Project page. Otherwise, anerrormessage will

pop-up.

To modify or visualise the introduced Project inputs, the “Update” button is now available.

Otherwise, the User may just delete these project inputs by pressing “*Delete”.

4) Click onthe “*Add” buttoninfront of the “Other module inputs” tab and:

a)
b)
@)

d)
e)

Confirm thatyou are inthe MCmodule page. Click the upload buttonto introduce the correct
MCinput file. [required]

On the module horizontaltab, select the ECmodule, and upload the correctEC module input
file. [required]

Repeat the previous steps for eachmodule. Inthe end, press the “"Create” button [required]
A confirmation pop-up message will appear. Press confirm [required]

If successful, the User will be redirected to the Project page. Otherwise, anerrormessage will

Pop-up.

5) Click onthe “"Add” buttoninfront of the “Site inputs” tab and:

a)

b)
@)

Click onthe upload buttonto introduce the Site data, as produced by the Site Characterisation
module. [required]

Pressthe “Create” button. [required]

Aloadingsign will appear ontop ofthe create button. If successful, the User will be redirected
to the Project page. Otherwise, anerror message will pop-up.

6) Specify which project lifecycle phases should be analysed inthe current test.

a)

Pressinstallationfor simulating the installation phase

13 Selecting a maintenance start dateis only required in case the maintenance phaseis to be analysed.
4 |n case this optionis not selected, repair on site shall be considered.
15 |n case deviceisfully submerged, inspections to PTOs shall be carried out using ROVs or divers.
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b)
@)

Press maintenance for simulating the maintenance phase
Press decommissioning for simulating the decommissioning phase?®

7) Press the “Save and Lock". A loading sign will appear on top of the “Save and Lock” button.
Otherwise, anerror message will pop-up.

8) Once loadinghas beencompleted, the input tabs will be locked, not allowing for further changes.

In case the inputs are to be changed, press the “Unlock” button. This will erase inputs that may

have been introduced downstream in the next pages (Operations or Calculations). Then, to
advance again, Step7 must be repeated.

9) Once loadinghas beencompleted, the "“Next” button willbe unlocked. Press it to advance to the
next page. [required]

10) The lifecycle phases selected on the “Project” page are now displayed. If all three phases were
selected, then:

a)

b)

)

d)

e)

Pressthe “"Generate” buttoninfront of the " Generate Installation operations”. Aloading sign
will appear on top ofthe Generate button [required]
Press the “Generate” button in front of the “Generate Maintenance operations”. A loading
sign will appear on top ofthe Generate button [required]
Press the “Generate” button in front of the “Generate Decommissioning operations”. A
loading sign will appear ontop ofthe Generate button. [required]
If successful, the “Generate” buttons will change to “Delete” buttons, which may be pressed
to delete the generated operations. Otherwise, anerror message will be shown.
When every operation has been generated (every “Generate” button was replaced by a
“Delete” button), press "Next”. The operation methods button will also be unlocked.
In order to specify the optional phase requirements, press the " View” button. The User will be
redirected to the Phase requirements page [optional]
i) Foreach tab of the previously selected lifecycle phases to be considered (Installation,
Maintenance, Decommissioning):
(1) Specify whether ROVs or Divers should be considered to support subsea operations
[optional]
(2) Specify discarding criteria for the port selection process:
(@) To discard ports that were not identified in the terminal catalogue has to have
previous experience in MRE projects, select the respective checkbox [optional]
(b) To discard ports with insufficient terminal area to accommodate the largest
component, selectthe respective checkbox [optional]
(c) Todiscard ports with insufficient quay loadbearing capacity, select the respective
checkbox[optional]
(d) Todiscard ports withinsufficient crane capacity to lift the heaviest component*
(in case lift loadouts are required), select the respective checkbox [optional]
(e) Todiscard portstoo far away, specify a radius centre onthe site location, outside
which the ports will be disregarded?® [optional]

16 The decommissioning phase can only be simulatedif the installation phase also was selected.
17Bearin mind that onshore cranes may be externally hired sothis may not be a strict port terminal requirement.
18 Specifying portradius and reducing the total number of ports tobe analysed will speedup calculations
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9)

(3) Repeatthe same process for the maintenance and decommissioning lifecycle phases.
ii) Inthe end, press the button"Submitall”. If successful, the User will be redirected to the
Operations page. Otherwise, anerror message will pop-up.
In order to specify the operation methods, press the “View” button. The User will be
redirected to the Operation Methods page [required]
i) Inthe Devicestab:
(1) Specify the load-out method and the transportation method from the respective
dropdown menus.
i) Inthe Foundations tab, incase of Foundations exist inthe project:
(1) Specify the foundation load-out and transportation methods from the respective
dropdown menus.
(2) Specify the piling method for installing piles (if piles are to be installed)
iii) Inthe “Anchorsand Moorings”tab, incase Moorings and anchors exist inthe project:
(1) Specify the Anchorand Moorings load-out method from the dropdown menus.
iv) In the Collection Points tab, in case of Collection Points exist and require an individual
operationinthe project:
(1) Specify the collection point load-out and transportation methods fromthe respective
dropdown menus.
v) Inthe Cablestab:
(1) Specify the cables burial-method and landfall method, which will affect the
installation operations from the respective dropdown menus.
vi) In the end, press the button “Submitall”. If successful, the User will be redirected to the
Operations page. Otherwise, anerror message will pop-up. [required]

11) The User will be redirected to the Calculations page.

a)

b)

d)

Press “Compute installationresults” and wait. If successful, a confirmation message with the
computation time will be presented, and the “Compute installation results” button will be
replaced by a red “Delete installation results” button. Otherwise, an error message will be
presented. [required]

Press “Compute maintenance results” and wait. If successful, a confirmation message with
the computationtime will be presented, and the "Compute maintenance results” button will
be replaced by a red “"Delete maintenance results” button. Otherwise, an error message will
be presented. [required]

Press “"Compute decommissioning results” and wait. If successful, a confirmation message
with the computation time will be presented, and the "Compute decommissioning results”
buttonwillbe replaced by a red “"Delete decommissioning results” button. Otherwise, an error
message will be presented. [required]

Finally, press “View results”

12) The User will be redirected to the results page.

a)
b)

@)

Press to view the Installation Solution. This will redirect to the installation results page.
Pressto view the Maintenance Solution. This will redirect to the Maintenance results page.
Press to view the Decommissioning Solution. This will redirect to the instal Decommissioning
results page.
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7.8.5 LMO How-to Guides

7.8.5.1 How to prepare data for using the Logistics and Marine Operations module

This guide summarises the datarequirements and specifications for running the Logistics and Marine
Operations module in full complexity standalone mode (introduced inthe " Other module inputs” tab),
but notes which parameters are not required at low complexity and which come from other modules
in integrated mode.

7.8.5.1.1 Format the Machine Characterisation input file

The Machine Characterisation input file compiles information related to the device, stored in a json
format. The file describes whether the device is floating (TRUE) or bottom -fixed (FALSE), specifies
the device structural costs (machine_costs), as well as the device dimensions (inm) and mass (in kg),
crucial parameters to specify areas, and load requirements. An example input file for the RM3
(VS2_V(x)testcaseis provided in Table 7.45.

TABLE 7.45: MACHINE CHARACTERISATION INPUT FILE

{ "general":{
"floating": true,
"machine_cost": 2939052.37 },
"dimensions": {
"draft": 35,
"height": 42,
"width": 30,
"length": 30,

"mass": 680000 1}

7.8.5.1.2 Format the Energy Capture input file

The Energy Capture input file compiles informationrelated to the farm, stored ina jsonformat. The
file includes data such as the number of devices, list of device IDs, and coordinates (latitude and
longitude). An example input file for afarm of10 devices (VS2_VCs)is providedin Table 7.46.

TABLE 7.46: ENERGY CAPTURE INPUT FILE

{ "layout": {
"devicelD": [1,2,3,4,5,6,7,8,9,10],
"latitude": [0,10,20,30, 40,50,60,70,80,90,100],
"longitude": [0,10,20,30, 40, 50,60,70,80,90,100] },

"number_devices": 10}
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7.8.5.1.3 Format the Energy Transformation input files

The input file from the Energy Transformation module is significantly more complex than the two
previous ones. Firstly, the input file includes the ET system hierarchy, described in the D6.3 RAMS
alpha version [18], which expresses the relationships between components and subsystems of the
Energy Transformationsystem. Secondly, the ET input file includes the costs and masses ofthe PTO
components for eachdevice.

The hierarchy trees can be partially understood as the inverse of a failure tree, built using Boolean
logic to evaluate whether components are working (1) or not (o). This allows the quantification of the
impacts of component critical failure on the system and identifies which critical component failures
to generate critical failures at the system level for each device.

In the hierarchy, all components are listed. Each component/subsystem has anidentifiable design id
and a node name (name_of_node). Indivisible components are referred to as “Level 0” and have no
“Children”. Abottom-up approachfrom child to parentis adopted for defining category levels, from
Level o all the way up to the top node: ET1 (installed in device OEC1). Each device may have more
than one PTO, which may be operating simultaneously (this is the case of RM1). Each PTO may be
decomposed into three different parts: the mechanical transformation system (*"MechT” — e.q. air
turbine), the electrical transformation system (“ElecT” — e.g. generator), and the grid conditioning
system (“GridC”, e.g. back to back power converter). Components and subsystems may have
specified failure rates. Hierarchical relationships are expressed by the components listed as children,
as well as the logic gate, which defines the type of relationship (the AND gate means that all children
must be working for the parent system being operational, OR gate means that at least one child must
be operational).

TABLE 7.47: ENERGY TRANSFORMATION INPUT FILE FOR ONE RM1 DEVICE.
{"array": {
"Hierarchy": {

"value": {

“category": [
"Level3",
"Level 2",
"Level1",
"Levelo",
"Levelo",
"Level 0",
"Levela",
"Level 0",
"Levelo",
"Level 0"

1

"child": [

['ET2],
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['ET1_PTO_o_o","ET1_PTO_1_0"],

["ET1_PTO_o_o_MechT","ET1_PTO_o_o_ElectT",
"ET1_PTO_o_o_GridC"],

"NA",

"NA",

"NA",

"ET21_PTO_a_o_GridC"],
"NA",
"NA",
“NA" ],
"design_id": [
“Array_o1",
“Array_o1",
“Array_o1",
"Array_o1",
“Array_o1",
"Array_o1",
“Array_o1",
"Array_o1",
"Array_o1",
“"Array_o1"
I
"failure_rate_replacement": [
"NA",
"NA",
"NA",
0.008785833,
0.00136,
0.004547059,
"NA",
0.008785833,
0.00136,
0.004547059
1
"failure_rate_repair":[
"NA",
"NA",
"NA",
"NA",
"NA",
"NA",

["ET2_PTO_1_o_MechT", "ET1_PTO_1_o_ElectT",
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"NA",
"NA",
"NA",
N
1
"gate_type": [
"AND",
"OR",
"AND",
"AND",
"AND",
"AND",
"AND",
"AND",
"AND",
"AND"
it
"name_of_node": [
"Array_o1",
"ETa",
"ET2_PTO_o_o",
"ET1_PTO_o_o_MechT",
"ET2_PTO_o_o_ElectT",
"ET1_PTO_o_o_GridC",
"ET2_PTO_2_o0"
"ET1 _PTO_1_o_MechT",
"ET2_PTO_1_o_ElectT",
"ET1 _PTO_1_o_GridC"
1
"node_subtype": [
"NA",
"NA",
"NA",
"NA",
"NA",
"NA",
"NA",
"NA",
"NA",
INAY

I
"node_type": [
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"System",
"Device",
"PTO",
"Component",
"Component",
"Component",
"PTO",
"Component",
"Component",
"Component"
1
"parent": [
“"NA",
["Array_o1"],
["'ET2"],
["'ET1_PTO_o_o0"],
['ET1_PTO_o_o0"],
['ET1_PTO_o_o0"],
["ET2"],
['ET1_PTO_1_0"],
['ET1_PTO_1_0"],
["ET1_PTO_1_0"]
it
"system": [
"ET",
"ET",
"ET",
"ET",
"ET",
"ET",
"ET",
"ET",
"ET",
nET™

3
L
"devices": [
§
"Dev_PTO_cost": §
"value": 1908099
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b
"Dev_PTO_mass": {
"value": 209000
£
"Dev_rated_power": {
"value": 300.0
b
Ilidll: {
"VaIUe": ||1||
£
"ptOS": [
{
"Elect_cost": {
"value": 254725
b
"Elect_mass": {
"value": 209000

L
"Grid_cost": {

"value": 522587
5

"Grid_mass": {
"value": 209000

1
"Mech_cost": {

"value": 1130786.938
5

"Mech_mass": {
"value": 2109000
L
"id": §
"value":"PTO_o_o"

L

"Elect_cost": {
"value": 254725

L,

"Elect_mass": {
"value": 109000

ki,
"Grid_cost": {
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"value": 522587
I3
"Grid_mass": {

"value": 209000

5
"Mech_cost": {
"value": 1130786.938
L
"Mech_mass": {
"value": 209000

13
Ilid II: {
"value":"PTO_1_o"
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7.8.5.1.4 Format the Energy Delivery inputs

(@)

TABLE 7.48: ENERGY DELIVERY INPUT FILE FOR ONE RM1 DEVICE

{

"cable_dict":[

{

"burial_depth":[
0.5,
0.5,
0.5,
0.5,

1
"cable_mattress":[
false,
false,
false,
false,

']'Icable_x": [
398675.0,
398625.0,
398575.0,
398525.0,

Il

"cable_y": [
4518475.0,
4518475.0,
4518525.0,
4518575.0,

Il
"cost": 5344755.072177423,
"layer_1_start": [

-2.84319,

-3.43957,

-4.3625898,

-5.28549,

]l
"layer_1_type": [
"loose sand",
"loose sand",
"loose sand",
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"loose sand",

1
"length":6680.943840221778,
"marker": o,
"split_pipe": [

false,

false,

false,

1
“type_":"export",
3
1
"cable_installation": "Ploughing",
"collection_point_dict": [
{
"cost":1410128,
"input_connectors": null,
"location": null,
"marker": "CP1",
"output_connectors": null,
"type_":"passive hub"
}
1
"connectors_dict": [
{
cost":150000.0,
"db_key": 125,
"marker": 1,
"type_":"wet-mate",
"utm_x":393295.0,
"utm_y": 4521615.0
}I

"cost":150000.0,
"db_key": 125,
"marker": 3,
"type_":"wet-mate",
"utm_x":393285.0,
"utm_y": 4521615.0
}
5

"hierarchy_new": {

"category": [
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"Level3",
"Level 2",
"Levela",
"Level 0",
"Level 0",
"Levelo",
"Levelo"
1)
"child": [
[
"ED1"
1
[

"Route1_1"

]l

“NA",
"NA",
"NA",
TNA"

]l

"design_id": [
"NA",
"NA",
"NA",

2

o,

”3",

1

!

5

"failure_rate_repair": [
"NA",
"NA",
"NA",
0.00907905676510056,
1.0007786634898617,
0.047500574399999995,
0.047500574399999995

1)

"failure_rate_replacement":[
n NAIII
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"NA",
"NA",
0.00907905676510056,
1.0007786634898617,
0.047500574399999995,
0.047500574399999995
5
"gate_type":[
"OR",
"OR",
"AND",
"NA",
"NA",
"NA",
INA
L
"name_of_node": [
"ED Subsystem",
"ED1",
"Routea_1",

25,

o

3,
nm
5
"node_subtype":[
"NA",
"NA",
"NA",
" umbilical",
"export",
"wet-mate",
"wet-mate"
]I
"node_type":[
"System",
"System",
“Energy route",
"Component",
"Component",
"Component",
"Component"
5
"parent":[
"NA",
"NA",
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[
"EDa"
1
[
"Routea_1"
1
[
"Route1_1"
1
[
"Routea_1"
1
[
"Route1_1"
1
L
"system": [
"ED",
"ED",
"ED",
"ED",
"ED",
"ED",
"ED"
1
1
"umbilical_dict": [
{
"cost": 48487.57918823232,
"device":"Deviceoo1",
"length":60.60947398529039,
"marker": 2,
"seabed_connection_point":[
393295.0,
4521615.0,
-51.7464981
1
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7.8.5.1.5 Format the Station Keeping input files

o
DTC\ceant

\

TABLE 7.49: STATION KEEPING INPUT FILE FOR ONE RM1 DEVICE

{
"hierarchy": {

"system": [
"SK",
"SK",
"SK",
"SK",
"SK",
"SK",
"SK",
"SK",
"SK",
"SK",
ngKn

1

"name_of_node": [
"SKa1_x",
"SK1_x_ml_o_seg_o",
"SK1_x_ml_o_anchor_n_2_o",
"SK1_x_ml_o",
"SK1_x_ml_1_seg_o",
"SK1_x_ml_1_anchor_n_2_o",
"SKa_x_ml_1",
"SK1_x_ml_2_seg_o",
"SK1_x_ml_2_anchor_n_2_o",
"SK1_x_ml_2",
"SKa"

1

"design_id": [
"NA",
"SK1_x_ml_o_seg_o",
"SK1_x_ml_o_anchor_n_2_o",
"NA",
"SK1_x_ml_1_seg_o",
"SK1_x_ml_1_anchor_n_2_o",
"NA",
"SK1_x_ml_2_seg_o",
"SK1_x_ml_2_anchor_n_2_o",
"NA",
INA"

1
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"node_type":[
"System",
"Component",
“Component",
"System",
“"Component",
"Component",
"System",
"Component”,
“"Component",
"System",
"System"

5

"node_subtype":[
"stationkeeping",
"line_segment",
"anchor",
"mooring_line",
"line_segment",
"anchor",
"mooring_line",
"line_segment",
"anchor",
"mooring_line",
"stationkeeping"

5

"category": [

"Level 2",
"Levelo",
"Level 0",
"Level1",
"Level 0",
"Level 0",
"Level1",
"Level 0",
"Levelo",
"Level1",
"Level 3"

]I

"parent":[

"NA",
"SKa_x_ml_o",
"SK1_x_ml_o",
"SK1_x",
"SKa_x_ml_1",
"SKa_x_ml_1",
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"SKa_x",
"SK1_x_ml_2",
"SK1_x_ml_2",
"SKa1_x",
INA"
1
"child": [
[
"SK1_x_ml_o",
"SKa_x_ml_1",
"SK1_x_ml_2"

5

IINAII
5

IINAII
5

"SK1_x_ml_o_seg_o",
"SK1_x_ml|_o_anchor_n_2 o"

5

||NA||
1

IINAII
5

"SK1_x_ml_1_seg_o",
"SKa_x_ml_1_anchor_n_2_o"

5

||NA||
5

||NA||
1

"SK1_x_ml_2_seg_o",
"SKa_x_ml_2_anchor_n_2_o"

5

"SKl_X"

DTOceanPlus Deliverable, Grant Agreement No 785921

Page 247|331



Ds5.8
Testing and verification results of the
version

Deployment Design tools — beta

0

\

"gate_type":[
"AND",
"NA",
"NA",
"AND",
"NA",
"NA",
"AND",
"NA",
"NA",
"AND",
"AND"
1
"failure_rate_repair": [
"NA",
0.0000000001,
0.0000000001,
"NA",
0.0000000001,
0.0000000001,
"NA",
0.0000000001,
0.0000000001,
"NA",
INA"
1
"failure_rate_replacement":[
"NA",
2.4352799999999997,
0.0000000001,
"NA",
2.4352799999999997,
0.0000000001,
"NA",
2.4352799999999997,
0.0000000001,
"NA",
INA"
]I
"hierarchy_data": {
"anchor_list": [
{
"design_id": "SK1_x_ml_o_anchor_n_2_o",
"type":"drag_anchor",
"height":3.2907521354288622,
"width": 5.898160564005535,
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"length": 5.471773895058202,
"mass": 9535.483174496047,
"upstream_id": [
"SK1_x_ml_o"
1
"downstream_id": [
INA
1
"coordinates": [
350,
OI
-70
1
"cost": 47677.41587248023
5

"design_id": "SK1_x_ml_1_anchor_n_2_o",
"type":"drag_anchor",
"height":3.2907521354288622,
"width": 5.898160564005535,
"length": 5.471773895058202,
"mass": 9535.483174496047,
"upstream_id": [

"SKa_x_ml_1"
1
"downstream_id": [

NI
1
"coordinates": [

-175.0,

303.108,

-70.0
1
"cost": 47677.41587248023

}I

"design_id": "SK1_x_ml_2_anchor_n_2_o",
"type":"drag_anchor",
"height":3.2907521354288622,
"width": 5.898160564005535,
"length": 5.471773895058202,
"mass": 9535.483174496047,
"upstream_id": [

"SK1_x_ml_2"
]I

"downstream_id": [
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INA®
1
"coordinates": [
-175.0,
-303.108,
-70.0
1
"cost": 47677.41587248023
}
1
"foundation_list": [],
"line_segment_list": [
{
"design_id": "SK1_x_ml_o_seg_o",
"material": "nylon",
"length":340.7,
"total_mass": 4703.105113119999,
"diameter":0.146,
"upstream_id": [

IINAII
5
"downstream_id": [
IINAII
5
"cost": 17371.5679904
L
{

"design_id": "SK1_x_ml_1_seg_o",
"material": "nylon",
"length":340.7,
"total_mass": 4703.105113119999,
"diameter":0.146,
"upstream_id": [
INA®
]I
"downstream_id": [
INA
1
"cost": 17371.5679904
}I

"design_id": "SK1_x_ml_2_seg_o",
"material": "nylon",
"length":340.7,

"total_mass": 4703.105113119999,
"diameter":0.146,
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"upstream_id": [
IINAII

1

"downstream_id": [
IINAII

1

"cost": 17371.5679904
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8. ANNEX II: SOFTWARE EVALUATION FORM - STANDALONE
VERSIONS

8.1 SITECHARACTERISATION (SC)

Tool-Module: Deployment Design Tool - Site Characterisation

Name (user)

Company

Date Pick adelivery date

Instructions

Numeric assessment

Please rate each field in the tables using a scale from 1 to 5, where 1 represents the most negative
assessment and 5 the most positive one.

Strongly Disagree Undecided Agree Strongly
disagree Agree
(1) (2) (3) (4) (5)

Qualitative assessment

Please use the boxin each sectionto add comments, overall experience, or other points that may be
useful to record.

1. USABILITY

This section aims to assess the high-level software experience. A Study is a design case of an ocean
energy technology that can be independently managed in DTOceanPlus.

ID Statement Rating
1.1 The software is intuitive and easy to use ingeneral [Select]
1.2 It is easy to create and delete a Study [Select]
1.3 It is easy to edit, save and export a Study [Select]
1.4 The process of inputting data is clear and efficient [Select]
1.5 Results are meaningful, easy to interpret and use [Select]
1.6 | could complete the process without errors [Select]
1.7 I am satisfied with the overall speed of computation [Select]
1.8 The software can be run from my computer without any issue [Select]
1.9 The training sessions and documentation are useful for learning how to | [Select]
use the software
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Comments

[Please add other key points and comments]

2. USER-FRIENDLINESS

This sectionaims to assess the user interface ofthe software.

ID Statement Rating
2.1 | The userinterfaceis simple, easy to navigate and well-organised [Select]
2.2 The user interface looks professional [Select]
2.3 It responds promptly to user actions (inputs, selections, clicks, ...) [Select]
2.4 It provides the user with enough help, indications and/or guidance | [Select]
throughout each process
2.5 The meaning of each datainput/user selectionis clear [Select]
2.6 The meaning of each data outputis clear [Select]
2.7 Visualisation of resultsis clear and informative [Select]

2.8 | The user canadd further informationto the Study throughthe interface | [Select]

Comments

[Please add other key points and comments]

3. PERFORMANCE AND ACCURACY

This section aims to assess the quality of results in terms of accuracy, robustness, and performance
per software Feature. A Feature is the mainfunctionality ofthe software that adds value to the user.

ID Statement Rating
3.a.1 | Resultsarerobustand notsensitive to small changes of inputs [Select]
3.a.2 | Results are credible and trustworthy for the audience [Select]

3.a.3 | The accuracy of results is acceptable considering the | [Select]
granularity/complexity of data inputs used

3.2.4 | The accuracy of results correspondsto the user expectationforthe stage | [Select]
oftechnology maturity

3.a.5 | The computationaltime is adequate for the level of accuracy provided [Select]
3.2.6 | Thesoftware did notsuffer fromany sort of data shortage/lack of memory | [Select]
during the test

3.a.7 | The software canhandle errors without crashing [Select]
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Comments
[Please add other key points and comments]

4 VALUE

This sectionaims to assess the perceived value to the user.

ID Statement Rating
4.1 The software allows the user full control of the design process [Select]
4.2 It produces results that allow easy comparisons [Select]
4.3 It provides a large range of alternatives to create/assess technologies [Select]

4.4 | The useris informed about the internal processing (e.g. remaining time, | [Select]
log) and warned about potential inconsistencies

4.5 The software meets my expectations in terms of results, graphical | [Select]

options, interaction, and functionality
4.6 | would recommend the use ofthis software [Select]

Comments

[Please add other key points and comments]

5. GENERAL REMARKS

This sectionaims to record other qualitative aspectsnot mentioned above.

[Please add any final remarks]
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8.2 MACHINE CHARACTERISATION (MC)

Tool —Module: Deployment Design Tool - Machine Characterisation

Name (user)

Company

Date Pick adelivery date

Instructions

Numeric assessment

Please rate each field in the tables using a scale from 1 to 5, where 1 represents the most negative
assessment and 5 the most positive one.

Strongly Disagree Undecided Agree Strongly
disagree Agree
(1) (2) (3) (4) (5)

Qualitative assessment

Please use the boxin each sectionto add comments, overall experience, or other points that may be
useful to record.

1. USABILITY

This section aims to assess the high-level software experience. A Study is a design case of an ocean
energy technology that can be independently managed in DTOceanPlus.

ID Statement Rating
1.1 The software is intuitive and easy to use ingeneral [Select]
1.2 It is easy to create and delete a Study [Select]
1.3 It is easy to edit, save and export a Study [Select]
1.4 The process of inputting data is clear and efficient [Select]
1.5 Results are meaningful, easy to interpret and use [Select]
1.6 | could complete the process without errors [Select]
1.7 | am satisfied with the overall speed of computation [Select]
1.8 The software can be run from my computer without any issue [Select]
1.9 The training sessions and documentation are useful for learning how to | [Select]
use the software

Comments

[Please add other key points and comments]
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2. USER-FRIENDLINESS

This sectionaims to assess the user interface ofthe software.

ID Statement Rating
2.1 | The userinterfaceis simple, easy to navigate and well-organised [Select]
2.2 | The userinterface looks professional [Select]
2.3 It responds promptly to user actions (inputs, selections, clicks, ...) [Select]
2.4 It provides the user with enough help, indications and/or guidance | [Select]
throughout each process
2.5 The meaning of each datainput/user selectionis clear [Select]
2.6 The meaning of each data output s clear [Select]
2.7 Visualisation of results is clear and informative [Select]

2.8 | The user canadd furtherinformationto the Study throughtheinterface | [Select]

Comments
[Please add other key points and comments]

3. PERFORMANCE AND ACCURACY

This section aims to assess the quality of results in terms of accuracy, robustness, and performance
per software Feature. A Feature is a main functionality of the software that adds value to the user.

ID Statement Rating
3.a.1 | Results arerobustand not sensitive to small changes of inputs [Select]
3.a.2 | Results are credible and trustworthy for the audience [Select]

3.a.3 | The accuracy of results is acceptable considering the | [Select]
granularity/complexity of data inputs used

3.2.4 | The accuracy ofresults correspondsto the user expectation for the stage | [Select]
oftechnology maturity

3.a.5 | The computationaltimeis adequate for the level of accuracy provided [Select]

3.2.6 | Thesoftware did notsuffer fromany sort of data shortage/lack of memory | [Select]
during the test

3.a.7 | The software canhandle errors without crashing [Select]

Comments about Study Management

[Please add other key points and comments]
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Comments about Inputs Collection
[Please add other key points and comments]

Comments about Outputs: Efficiency

[Please add other key points and comments]

Comments about Outputs: Alternative Metrics

[Please add other key points and comments]

Comments about Outputs: Power Quality
[Please add other key points and comments]

Comments about Energy Production

[Please add other key points and comments]

4 VALUE

This sectionaims to assess the perceived value to the user.

ID Statement Rating
4.1 The software allows the user full control of the design process [Select]
4.2 It produces results that allow easy comparisons [Select]
4.3 It provides a large range of alternatives to create/assess technologies [Select]

4.4 | The useris informed about the internal processing (e.g. remaining time, | [Select]
log) and warned about potentialinconsistencies
4.5 The software meets my expectations in terms of results, graphical | [Select]

options, interaction, and functionality

4.6 I would recommend the use of this software [Select]
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Comments

[Please add other key points and comments]

5. GENERAL REMARKS

This sectionaimsto record other qualitative aspectsnot mentioned above.

[Please add any final remarks]
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8.3 ENERGY CAPTURE (EC)

Tool-Module: Deployment Design Tool - Energy Capture

Name (user)

Company

Date Pick adelivery date

Instructions

Numeric assessment

Please rate each field in the tables using a scale from 1 to 5, where 1 represents the most negative
assessment and 5 the most positive one.

Strongly Disagree Undecided Agree Strongly
disagree Agree
(1) (2) (3) (4) (5)

Qualitative assessment

Please use the boxin each sectionto add comments, overall experience, or other points that may be
useful to record.

1. USABILITY

This section aims to assess the high-level software experience. A Study is a design case of an ocean
energy technology that can be independently managed in DTOceanPlus.

ID Statement Rating
1.1 The software is intuitive and easy to use ingeneral [Select]
1.2 It is easy to create and delete a Study [Select]
1.3 It is easy to edit, save and export a Study [Select]
1.4 The process of inputting data is clear and efficient [Select]
1.5 Results are meaningful, easy to interpret and use [Select]
1.6 | could complete the process without errors [Select]
1.7 | am satisfied withthe overall speed of computation [Select]
1.8 The software can be run from my computer without any issue [Select]
1.9 The training sessions and documentation are useful for learning how to | [Select]
use the software

Comments

[Please add other key points and comments]
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2. USER-FRIENDLINESS

This sectionaims to assess the user interface ofthe software.

ID Statement Rating
2.1 | The userinterfaceis simple, easy to navigate and well-organised [Select]
2.2 | The userinterface looks professional [Select]
2.3 It responds promptly to user actions (inputs, selections, clicks, ...) [Select]
2.4 It provides the user with enough help, indications and/or guidance | [Select]
throughout each process
2.5 The meaning of each datainput/user selectionis clear [Select]
2.6 The meaning of each data output s clear [Select]
2.7 Visualisation of results is clear and informative [Select]

2.8 | The user canadd furtherinformationto the Study throughthe interface | [Select]

Comments
[Please add other key points and comments]

3. PERFORMANCE AND ACCURACY

This section aims to assess the quality of results in terms of accuracy, robustness, and performance
per software Feature. A Feature is a main functionality of the software that adds value to the user.

ID Statement Rating
3.a.1 | Results arerobustand not sensitive to small changes of inputs [Select]
3.a.2 | Results are credible and trustworthy for the audience [Select]

3.a.3 | The accuracy of results is acceptable considering the | [Select]
granularity/complexity of data inputs used

3.2.4 | The accuracy ofresults correspondsto the user expectation for the stage | [Select]
oftechnology maturity

3.a.5 | The computationaltimeis adequate for the level of accuracy provided [Select]

3.2.6 | Thesoftware did notsuffer fromany sort of data shortage/lack of memory | [Select]
during the test

3.a.7 | The software canhandle errors without crashing [Select]

Comments about Study Management

[Please add other key points and comments]
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Comments about Inputs Collection
[Please add other key points and comments]

Comments about Outputs: Efficiency

[Please add other key points and comments]

Comments about Outputs: Alternative Metrics

[Please add other key points and comments]

Comments about Outputs: Power Quality
[Please add other key points and comments]

Comments about Energy Production

[Please add other key points and comments]

4 VALUE

This sectionaims to assess the perceived value to the user.

ID Statement Rating
4.1 The software allows the user full control of the design process [Select]
4.2 It produces results that allow easy comparisons [Select]
4.3 It provides a large range of alternatives to create/assess technologies [Select]

4.4 | The useris informed about the internal processing (e.g. remaining time, | [Select]
log) and warned about potentialinconsistencies
4.5 The software meets my expectations in terms of results, graphical | [Select]

options, interaction, and functionality

4.6 I would recommend the use of this software [Select]
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Comments

[Please add other key points and comments]

5. GENERAL REMARKS

This sectionaimsto record other qualitative aspectsnot mentioned above.

[Please add any final remarks]
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8.4 ENERGY TRANSFORMATION (ET)

Tool —Module: Deployment Design Tool - Energy Transformation

Name (user)

Company

Date Pick adelivery date

Instructions

Numeric assessment

Please rate each field in the tables using a scale from 1 to 5, where 1 represents the most negative
assessment and 5 the most positive one.

Strongly Disagree Undecided Agree Strongly
disagree Agree
(1) (2) (3) (4) (5)

Qualitative assessment

Please use the boxin each sectionto add comments, overall experience, or other points that may be
useful to record.

1. USABILITY

This section aims to assess the high-level software experience. A Study is a design case of an ocean
energy technology that can be independently managed in DTOceanPlus.

ID Statement Rating
1.1 The software is intuitive and easy to use ingeneral [Select]
1.2 It is easy to create and delete a Study [Select]
1.3 It is easy to edit, save and export a Study [Select]
1.4 The process of inputting data is clear and efficient [Select]
1.5 Results are meaningful, easy to interpret and use [Select]
1.6 | could complete the process without errors [Select]
1.7 | am satisfied with the overall speed of computation [Select]
1.8 The software can be run from my computer without any issue [Select]
1.9 The training sessions and documentation are useful for learning how to | [Select]
use the software

Comments

[Please add other key points and comments]
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2. USER-FRIENDLINESS

This sectionaims to assess the user interface ofthe software.

ID Statement Rating
2.1 | The userinterfaceis simple, easy to navigate and well-organised [Select]
2.2 | The userinterface looks professional [Select]
2.3 It responds promptly to user actions (inputs, selections, clicks, ...) [Select]
2.4 It provides the user with enough help, indications and/or guidance | [Select]
throughout each process
2.5 The meaning of each datainput/user selectionis clear [Select]
2.6 The meaning of each data output s clear [Select]
2.7 Visualisation of results is clear and informative [Select]

2.8 | The user canadd furtherinformationto the Study throughtheinterface | [Select]

Comments
[Please add other key points and comments]

3. PERFORMANCE AND ACCURACY

This section aims to assess the quality of results in terms of accuracy, robustness, and performance
per software Feature. A Feature is a main functionality of the software that adds value to the user.

ID Statement Rating
3.a.1 | Results arerobustand not sensitive to small changes of inputs [Select]
3.a.2 | Results are credible and trustworthy for the audience [Select]

3.a.3 | The accuracy of results is acceptable considering the | [Select]
granularity/complexity of data inputs used

3.2.4 | The accuracy ofresults correspondsto the user expectation for the stage | [Select]
oftechnology maturity

3.a.5 | The computationaltimeis adequate for the level of accuracy provided [Select]

3.2.6 | Thesoftware did notsuffer fromany sort of data shortage/lack of memory | [Select]
during the test

3.a.7 | The software canhandle errors without crashing [Select]

Comments about Study Management

[Please add other key points and comments]
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Comments about Inputs Collection

[Please add other key points and comments]

Comments about Outputs: Array/Device/PTO Outputs

[Please add other key points and comments]

4 VALUE

This sectionaims to assess the perceived value to the user.

ID Statement Rating
4.1 The software allows the user full control of the design process [Select]
4.2 It produces results that allow easy comparisons [Select]
4.3 It provides a large range of alternatives to create/assess technologies [Select]

4.4 | The useris informed about the internal processing (e.g. remaining time, | [Select]
log) and warned about potentialinconsistencies

4.5 The software meets my expectations in terms of results, graphical | [Select]
options, interaction, and functionality

4.6 | would recommend the use of this software [Select]

Comments

[Please add other key points and comments]

5. GENERAL REMARKS

This sectionaimsto record other qualitative aspectsnot mentioned above.

[Please add any final remarks]
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8.5 ENERGY DELIVERY (ED)

Tool -Module: Deployment Design Tool - Energy Delivery

Name (user)

Company

Date Pick adelivery date

Instructions

Numeric assessment

Please rate each field in the tables using a scale from 1 to 5, where 1 represents the most negative
assessment and 5 the most positive one.

Strongly Disagree Undecided Agree Strongly
disagree Agree
(1) (2) (3) (4) (5)

Qualitative assessment

Please use the boxin each sectionto add comments, overall experience, or other points that may be
useful to record.

1. USABILITY

This section aims to assess the high-level software experience. A Study is a design case of an ocean
energy technology that can be independently managed in DTOceanPlus.

ID Statement Rating
1.1 The software is intuitive and easy to use ingeneral [Select]
1.2 It is easy to create and delete a Study [Select]
1.3 It is easy to edit, save and export a Study [Select]
1.4 The process of inputting data is clear and efficient [Select]
1.5 Results are meaningful, easy to interpret and use [Select]
1.6 | could complete the process without errors [Select]
1.7 | am satisfied with the overall speed of computation [Select]
1.8 The software can be run from my computer without any issue [Select]
1.9 The training sessions and documentation are useful for learning how to | [Select]
use the software

Comments

[Please add other key points and comments]
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2. USER-FRIENDLINESS

This sectionaims to assess the user interface ofthe software.

ID Statement Rating
2.1 | The userinterfaceis simple, easy to navigate and well-organised [Select]
2.2 | The userinterface looks professional [Select]
2.3 It responds promptly to user actions (inputs, selections, clicks, ...) [Select]
2.4 It provides the user with enough help, indications and/or guidance | [Select]
throughout each process
2.5 The meaning of each datainput/user selectionis clear [Select]
2.6 The meaning of each data output s clear [Select]
2.7 Visualisation of results is clear and informative [Select]

2.8 | The user canadd furtherinformationto the Study throughthe interface | [Select]

Comments

[Please add other key points and comments]

3. PERFORMANCE AND ACCURACY

This section aims to assess the quality of results in terms of accuracy, robustness, and performance
per software Feature. A Feature is a main functionality of the software that adds value to the user.

a. Feature Tested: Simplified design mode (complexity 1, VC1.1 & 1.2)

ID Statement Rating
3.a.1 | Results arerobustand not sensitive to small changes of inputs [Select]
3.a.2 | Results arecredible and trustworthy for the audience [Select]

3.a.3 | The accuracy of results is acceptable considering the | [Select]
granularity/complexity of data inputs used

3.a.4 | The accuracy ofresults correspondsto the user expectation for the stage | [Select]
oftechnology maturity

3.a.5 | The computationaltimeis adequate for the level ofaccuracy provided [Select]

3.a.6 | Thesoftware did notsuffer fromany sort of data shortage/lack of memory | [Select]
during the test

3.a.7 | The software canhandle errors without crashing [Select]
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Comments
[Please add other key points and comments]

b. Feature Tested: Full design mode (complexity level 2 or 3, VC2.1-2.13)

ID Statement Rating
3.b.1 | Results arerobust and not sensitive to small changes of inputs [Select]
3.b.2 | Results are credible and trustworthy for the audience [Select]

3.b.3 | The accuracy of results is acceptable considering the | [Select]
granularity/complexity of data inputs used

3.b.4 | The accuracy ofresults correspondsto the user expectation for the stage | [Select]
oftechnology maturity

3.b.5 | The computational timeis adequate for the level ofaccuracy provided [Select]

3.b.6 | Thesoftware did notsuffer fromany sort of data shortage/lack of memory | [Select]
during the test

3.b.7 | The software canhandle errors without crashing [Select]

Comments

[Please add other key points and comments]

4. VALUE

This sectionaims to assess the perceived value to the user.

ID Statement Rating
4.1 The software allows the user full control of the design process [Select]
4.2 It produces results that allow easy comparisons [Select]
4.3 It provides a large range of alternatives to create/assess technologies [Select]

4.4 | The useris informed about the internal processing (e.g. remaining time, | [Select]
log) and warned about potentialinconsistencies

4.5 The software meets my expectations in terms of results, graphical | [Select]
options, interaction, and functionality

4.6 I would recommend the use of this software [Select]

Comments

[Please add other key points and comments]
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5. GENERAL REMARKS

This sectionaims to record other qualitative aspectsnot mentioned above.

[Please add any final remarks]

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 269 | 331




D5.8 DTOcean+

Testing and verification results of the Deployment Design tools — beta
version

8.6 STATIONKEEPING (SK)

Tool —Module: Deployment Design Tool - Stationkeeping

Name (user)

Company

Date Pick adelivery date

Instructions

Numeric assessment

Please rate each field in the tables using a scale from 1 to 5, where 1 represents the most negative
assessment and 5 the most positive one.

Strongly Disagree Undecided Agree Strongly
disagree Agree
(1) (2) (3) (4) (5)

Qualitative assessment

Please use the boxin each sectionto add comments, overall experience, or other points that may be
useful to record.

1. USABILITY

This section aims to assess the high-level software experience. A Study is a design case of an ocean
energy technology that can be independently managed in DTOceanPlus.

ID Statement Rating
1.1 The software is intuitive and easy to use ingeneral [Select]
1.2 It is easy to create and delete a Study [Select]
1.3 It is easy to edit, save and export a Study [Select]
1.4 The process of inputting data is clear and efficient [Select]
1.5 Results are meaningful, easy to interpret and use [Select]
1.6 | could complete the process without errors [Select]
1.7 | am satisfied with the overall speed of computation [Select]
1.8 The software can be run from my computer without any issue [Select]
1.9 The training sessions and documentation are useful for learning how to | [Select]
use the software

Comments

[Please add other key points and comments]
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2. USER-FRIENDLINESS

This sectionaims to assess the user interface ofthe software.

ID Statement Rating
2.1 | The userinterfaceis simple, easy to navigate and well-organised [Select]
2.2 | The userinterface looks professional [Select]
2.3 It responds promptly to user actions (inputs, selections, clicks, ...) [Select]
2.4 It provides the user with enough help, indications and/or guidance | [Select]
throughout each process
2.5 The meaning of each datainput/user selectionis clear [Select]
2.6 The meaning of each data output s clear [Select]
2.7 Visualisation of results is clear and informative [Select]

2.8 | The user canadd furtherinformationto the Study throughthe interface | [Select]

Comments
[Please add other key points and comments]

3. PERFORMANCE AND ACCURACY

This section aims to assess the quality of results in terms of accuracy, robustness, and performance
per software Feature. A Feature is a main functionality of the software that adds value to the user.

ID Statement Rating
3.a.1 | Results arerobustand not sensitive to small changes of inputs [Select]
3.a.2 | Results are credible and trustworthy for the audience [Select]

3.a.3 | The accuracy of results is acceptable considering the | [Select]
granularity/complexity of data inputs used

3.2.4 | The accuracy ofresults correspondsto the user expectation for the stage | [Select]
oftechnology maturity

3.a.5 | The computationaltimeis adequate for the level of accuracy provided [Select]

3.2.6 | Thesoftware did notsuffer fromany sort of data shortage/lack of memory | [Select]
during the test

3.a.7 | The software canhandle errors without crashing [Select]

Comments

[Please add other key points and comments]
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4 VALUE

This sectionaims to assess the perceived value to the user.

ID Statement Rating
4.1 The software allows the user full control of the design process [Select]
4.2 It produces results that allow easy comparisons [Select]
4.3 It provides a large range of alternatives to create/assess technologies [Select]

4.4 | The useris informed about the internal processing (e.g. remaining time, | [Select]
log) and warned about potential inconsistencies

4.5 The software meets my expectations in terms of results, graphical | [Select]
options, interaction, and functionality
4.6 I would recommend the use of this software [Select]

Comments

[Please add other key points and comments]

5. GENERAL REMARKS

This sectionaims to record other qualitative aspectsnot mentioned above.

[Please add any final remarks]
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8.7 LOGISTICS AND MARINE OPERATIONS (LMO)

Tool-Module: Deployment Design Tool - Logistics and Marine Operations

Name (user)

Company

Date Pick adelivery date

Instructions

Numeric assessment

Please rate each field in the tables using a scale from 1 to 5, where 1 represents the most negative
assessment and 5 the most positive one.

Strongly
disagree

Disagree

Undecided

Agree

Strongly
Agree

(1)

(2) (3) (4) (5)

Qualitative assessment

Please use the boxin each sectionto add comments, overall experience, or other points that may be
useful to record.

1. USABILITY

This section aims to assess the high-level software experience. A Study is a design case of an ocean
energy technology that can be independently managed in DTOceanPlus.

ID Statement Rating
1.1 The software is intuitive and easy to use ingeneral [Select]
1.2 It is easy to create and delete a Study [Select]
1.3 It is easy to edit, save and export a Study [Select]
1.4 The process of inputting data is clear and efficient [Select]
1.5 Results are meaningful, easy to interpret and use [Select]
1.6 | could complete the process without errors [Select]
1.7 I am satisfied with the overall speed of computation [Select]
1.8 The software can be run from my computer without any issue [Select]
1.9 The training sessions and documentation are useful for learning how to | [Select]
use the software
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Comments

[Please add other key points and comments]

2. USER-FRIENDLINESS

This sectionaims to assess the user interface ofthe software.

ID Statement Rating
2.1 | The userinterfaceis simple, easy to navigate and well-organised [Select]
2.2 The user interface looks professional [Select]
2.3 It responds promptly to user actions (inputs, selections, clicks, ...) [Select]
2.4 It provides the user with enough help, indications and/or guidance | [Select]
throughout each process
2.5 The meaning of each datainput/user selectionis clear [Select]
2.6 The meaning of each data outputis clear [Select]
2.7 Visualisation of resultsis clear and informative [Select]

2.8 | The user canadd further informationto the Study throughthe interface | [Select]

Comments

[Please add other key points and comments]

3. PERFORMANCE AND ACCURACY

This section aims to assess the quality of results in terms of accuracy, robustness, and performance
per software Feature. A Feature is a main functionality of the software that adds value to the user.

ID Statement Rating
3.a.1 | Results arerobustand notsensitive to small changes of inputs [Select]
3.a.2 | Results arecredible and trustworthy for the audience [Select]

3.a.3 | The accuracy of results is acceptable considering the | [Select]
granularity/complexity of data inputs used

3.a.4 | The accuracy ofresults correspondsto the user expectation for the stage | [Select]
oftechnology maturity

3.a.5 | The computationaltimeis adequate for the level of accuracy provided [Select]

3.2.6 | Thesoftware did notsuffer fromany sort of data shortage/lack of memory | [Select]
during the test

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 274|331




D5.8 DTOcean+

Testing and verification results of the Deployment Design tools — beta
version

| 3.3.7 | The software canhandle errors without crashing | [Select] |

Comments about Study Management

[Please add other key points and comments]

Comments about Inputs Collection

[Please add other key points and comments]

Comments about Outputs: Installation solution

[Please add other key points and comments]

Comments about Outputs: Maintenance solution

[Please add other key points and comments]

Comments about Outputs: Decommissioning solution

[Please add other key points and comments]

4 VALUE

This sectionaims to assess the perceived value to the user.

ID Statement Rating
4.1 The software allows the user full control of the design process [Select]
4.2 It produces results that allow easy comparisons [Select]
4.3 It provides a large range of alternatives to create/assess technologies [Select]

4.4 | The useris informed about the internal processing (e.g. remaining time, | [Select]
log) and warned about potentialinconsistencies

4.5 The software meets my expectations in terms of results, graphical | [Select]
options, interaction, and functionality

4.6 | would recommend the use of this software [Select]
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Comments

[Please add other key points and comments]

5. GENERAL REMARKS

This sectionaims to record other qualitative aspectsnot mentioned above.

[Please add any final remarks]
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9. ANNEXI1I1: ANONYMOUS FEEDBACK
9.1 SITECHARACTERISATION (SC)

Scores
TABLE 9.1: USABILITY OFSC

Statement Resp.2 Resp.3 |Resp.4 Resp.5 |Resp.6

1.1 | The software is intuitive and easy to

. 5 5 4 5 4 5 5
use in general
1.2 |ltiseasy to create and delete a Study| 5 5 5 5 A 5 g
1.3 |ltis easy to edit, save and export a
5 4 3 3 5 5 5

Study
1.4 |The process of inputting dataisclear

and efficient

1.5 |Results are meaningful, easy to
interpret and use

1.6 |l could complete the processwithout
errors

1.7 [l am satisfied with the overall speed
of computation

1.8 [The software can be run from my

1
computer without any issue > 4 > 3 > >
1.9 [The training  sessions and
documentation are useful for|s 5 4 5 4 5 5

learning how to use the software

TABLE 9.2: USER-FRIENDLINESS OFSC

ID Statement ‘Resp.1 Resp. 2 ‘Resp.g Resp.4 Resp.5 Resp.6 Resp.7
2.1 | The userinterface issimple, easy to
navigate and well-organised 4 4 5 4 5 5
2.2 | The user interface  looks
. 5 3 3 5 2 5 3
professional
2.3 | ltrespondspromptlyto user actions
. . . 5 4 5 3 5 5 5
(inputs, selections, clicks, ...)
2.4 | It provides the user with enough
help, indications and/or guidance | 4 2 3 5 2 5 5
throughout each process
2.5 |The meaning of each data
. — 4 3 5 5 3 5 5
input/user selection isclear
2.6 | The meaning of each data outputis
4 4 5 4 3 5 5
clear
2.7 | Visualisation of results is clear and
. . 4 4 5 5 4 5 5
informative
2.8 |The user can add further
information to the Study through|s 3 1 4 2 5 4
the interface
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TABLE 9.3: PERFORMANCE AND ACCURACY OF SC

Statement Resp.1 Resp.2 | Resp.3 Resp.4 Resp.5

3.1 | Results are robust and not sensitive
to small changes of inputs

3.2 |Resultsare credible and trustworthy
for the audience

3.3 [ The accuracy of resultsisacceptable
considering the
granularity/complexity of  data
inputsused

3.4 |The accuracy of results corresponds
to the user expectation for the stage | 5 3 3 5 4 5 5
of technology maturity

3.5 | The computational time isadequate
for the level of accuracy provided

3.6 [The software did not suffer fromany
sort of data shortageflack of|5 5 5 3 3 5 5
memory during the test

3.7 |The software can handle errors

without crashing

Fully aggregated results have been analysed without differentiating scores between VSs and
functionalities. In all cases the average value per statement has been considered.

TABLE 9.4: VALUE OF SC
ID Statement Resp.1 Resp.2 Resp.3 Resp.4 Resp.5 Resp.6 Resp.7
The software allows the user full

2 -
control of the design process > 3 3 > >

It produces results that allow easy
comparisons

It provides a large range of
4.3 |alternatives  to  createfassess| 4 3 - 4 3 5 5
technologies

The user is informed about the
internal processing (e.g. remaining
44 time, log) and warned about

potential inconsistencies

The software meets my
expectations in terms of results,
&> graphical options, interaction, and
functionality

| would recommend the use of this

4.6

software
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Comments
TABLE 9.5: COMMENTS FOR SC
ID Feature Subject Comments
Perhapsinclude key to all abbreviations/acronyms, and/or

1 | User-Friendliness direct Iinks.toaglossaryorappropriate page ofuser.ma.nual
for calculations reference? Transparency on calculationis
critical to user confidence.

Onlythrewin afew deliberate errors/options, nota
comprehensive test!
p Does software check consistency of input data sources? E.g.
erformance and . . .

2 Accuracy fora study using geographically m|§matched datasources:
‘E2RM1_lease_area’and ‘RMzi_corridor_WGS84' throws
exceptions but continues trying tocalculate rather than
aborting.

Logfile —working well and understandable as processing

3 | Value undertaken whenno dataerrors present. Less clear when
errors or exceptions suchas data mismatches are present.

4 | Generalremarks ‘Export Resultsto PDF' not workingfor 2D Maps?

It wasn't possible to export the study as a pdf (the user gets

5 | Usability the following message: ‘This project was not run yet’), but
maybe this functionality hasn’t been implemented yet.

6 Performance and There was a lack of information of the databases utilised

Accuracy when running the module.
It was noticed that the user hasn't much freedom of changing
Performance and . . .

7 Accuracy the inputs, so the score was glveqaccordlng tothelevel of
freedom encountered when running the cases.

8 | value Adding comparisons betweendifferent geographical sites
might be considered forfuture developments of the module.
The inputs forthe complexity 3 heavily rely on uploaded files,

o | Usability and the capability of the userto create thosefilesis
questionable. At listthe user should be directedto a page
where those files are described.

. The calculationat CPX1took significantly longertimethan
10 | Usability CPX3. Why?
The 2D maps did not showin any of the case run, maybe

11 | Usability adding an informative message, ratherthan"“No 2D maps for
this project”, why?

15 | User-Friendliness The distribution of theitemsin the SCHome is questionable.
Load Project does not work, redirect to the List page.
. : The project Listcan beimprovedwithasearch/filter areaorat

13 | User-Friendliness . :
least adding an ordering button

14 | User-Friendliness The optput pages items.are notcenteredand depending on
the window size the main are could be betterarranged.

15 | User-Friendliness The possibility of adding furtherinformation tothe Study
through theinterface seems notto be available

Performance and Changing t.he water depth from 5o to -10, did not throw any
16 errorand did not changed the results apart from the water
Accuracy d .
epth variation.
Performance and The results are the same forall the level of complexity, I've
7 Accuracy tried.
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ID

18

Feature

Value

Subject

Comments

Remaining time would be anicetohave feature, maybe a
simple messagethe calculationmight require 2-5mins or
whateverthe developerexperience would be.

19

Value

The non-interactive plotis not optimal.

20

General remarks

Adding a copy projectfunctionality for better comparison
might be anice feature and also the process of editingan
existing projectis not clear. Forexample, howtochange the
project title become clear only afterthe input are changed.

21

Usability

The time of the computation isvery long.

22

User-Friendliness

It had problems with displaying the end of the process

23

Value

There are some problems with the communication of the
remaining timetothe end of the process

24

Usability

When no Complexity Level is provided, it is still possible to
Runthe Module

Calculation in progress...

The computation islaunched and cannot be stopped, and the
study cannot be deleted.

25

Usability

With the RM1-5C4 scenario, we could have values forreturn
periods for waves, but not for currents, which are necessary
datato design turbines. Making this available to the user
seems mandatory. The graphs plotted are nice, butthe
statistical values are not realisticfor these tests, are they?
(Waves graphsforscenario 3)

26

Usability

Scenario 4 bugged once (run indefinitely). Aweird message

appeared but no error clearly was plotted.

Log File
File "/usrflocalllib/python3.8/site-packages/matplotlib/pyplot.py”, line 2577, in contourf
__ret = gea().contourf(
File "/usrflocal/lib/python3.8/site-packages/matplotlib/__init__.py", line 1447, in inner
return func(ax, *map(sanitize_sequence, args), **kwargs)
File "/usrflocal/lib/python3.8/site-packages/matplotlib/axes/_axes.py", line 6335, in contourf
contours = mcontour.QuadContourSet(self, *args, *"kwargs)
File "/usrflocalllib/python3.8/site-packages/matplotlib/contour.py”, line 816, in __init__
kwargs = self._process_args(*args, **kwargs)
File "/usrflocal/lib/python3.8/site-packages/matplotlib/contour.py"”, line 1430, in _process_args
X, Y, Z = self._contour_args(args, kwargs)
File "/usrflocalllib/python3.8/site-packages/matplotlib/contour.py”, line 1488, in _contour_args
X, ¥, z = self._check_xyz(args[:3], kwargs)
File "/usr/local/lib/python3.8/site-packages/matplotlib/contour.py”, line 1521, in _check_xyz
raise TypeError(f'lnput z must be at least a (2, 2) shaped array, "
TypeError: Input z must be at least a (2, 2) shaped array, but has shape (1, 2)

27

User-Friendliness

When you clickon “exporttheresults”, if you don't save the
dataorquit the newtab, you can still access the working tab
but can’t click onanything (can’t move the page, the mouth is
not an arrow but ahand...). The userneeds to realize by
himself what the problemis and close the “exporting”
window.
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ID

28

Feature

User-Friendliness

Subject

Comments

| found disturbing tobe able to access results for the last
study being led, viathe lefthand panel, in the same place as
the “new study” button and the list of other studies at the
same “high level”commands, and not beingable to directly
accessthe inputs (to check or modify it) via this highlevel
panel. Maybe separating the current study fromall the others
high-level buttons, and having a kind of “subpanel” with
inputs and results (like the one with overview, waves,
currents, 2d maps, whichwould be at athird level) could be
reat and more intuitive

=1 - .
List of projects

29

User-Friendliness

When theinternetwindow is not full screen, the “warning” is

plotted overthe “Calculation” sentence
Bathymetry

Is a uniform
depth required :
N Yes

Bathymetry :
France_BATHYMETRY_GEBC02019_450m

30

User-Friendliness

When theinternet window is not full screen, the “save as”
buttonishidden

Iil Inputs

31

User-Friendliness

Values forwind speeds at the area considered are given, but
guidance on why these defaultvalues are used would be
appreciated

32

User-Friendliness

“Help” buttons couldbe added togive moreinformation on
the input to give (whatis expected, what formats are
accepted ornot etc)

33

User-Friendliness

Explaining what is intended by low, medium, highlevels of
energy when using alow complexity levels (range of values ?)

34

User-Friendliness

Warning the userthathe won'tbe ableto see 2d mapsin
results becausethe inputs are tooloose to allow it would be
great
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ID

35

Feature

User-Friendliness

Subject

0
DTOcean+

Comments

The import option is not possible, withared crossed circle
indicating thatthis option is not allowed: removingit if not
usable could be great

Species :

‘ World_species_Skm ‘

World_species_9km

36

User-Friendliness

Inthe Wavesand in the Current pages, the variables displayed
inthe array should be clearly statedto the user, because Cge,
Sprmay not be things usually usedby all the users

37

User-Friendliness

The unitsdon’tappearin outputs Currents and Waves section
(neitheroninternet noron the exported PDF).

Variable name Minimum Maximum Mean Median STD
Hs 0 555 107 093 06

™ 242 2128 1067 1064 299
Ccge 0 1627 64 32 919
Gamma 1 5 108 1 044

Spr 24 804 4285 405 1425

38

User-Friendliness

Mag and Thetashould be further defined, and couldeven be
presented in a compass-like plot with North, East... shown

39

User-Friendliness

When only one point is selected forthe graphs, the choice
made should be specified (forinstance, the height chosenfor
currents, orifit’san average over heightetc). Maybethe
authoris supposedtoknow it because the input datais
already averaged over height, butit could be specified
anyway in the exported file (or at least the input chosen).

40

User-Friendliness

EJDPinthe PDF isnot reallyclear (Extreme Joint Distribution
P..?)

41

User-Friendliness

Areference, thesite name, or something indicating the site
which is studied in the Overview page could be great

42

User-Friendliness

| suggest toallowthe userto exportresults underan Excel file
in addition to the PDF format, particularly forthe MAG-
THETA orHs-Tp/ Hs-Dp plots (with discretization steps that
would be defined by the user), because values are
hard/impossible to extract, though the plots are beautiful

43

User-Friendliness

In the outputs Waves section, the title/valuesin the colorbar
doesnot display (butin the exported PDF, this featureis
okay) when the window istoo small.

350

Dp [

0.2 03 04 05
Hs [m]
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ID Feature Comments
More informationaboutthe inputs should appearon the
User-Eriendliness exported PDF (the names of eachinput “bathy_XXX",
&4 “seabed_XXX"..., maybe also the author name, date of
creation etc).
. . We didn't see any optionforthe userto add newfeatures of
45 | User-Friendliness .
the site.
6 Performance and We had no accesstoinput data, so it is hard to tell if
4 Accuracy calculations seem correct
I he lati longi f
Performance and suggest'you remove the atl'Fulde and o.ngltud'e or
47 Accuracy complexity level 1, as the position for a site which does not
really exist is meaningless
48 | Value I founFi surprising thatthe useris not allowed to provide his
own site
When this will be possible (if it is supposedto be), it will be
important to clearly explain to the user the type of data, the
49 | Value . '
format to use, and possibly preferan Excel fileto upload toa
json file, because many people are notusedtoit.
o | value The useris not informed on the remainingtime which
5 misleads him when the calculation is infinite be cause of a bug
The graphs and arrays are what are expectedforanewsite
51 | Value forthe first studies. And the 2D maps are a nice Figure toadd
inareport.
The first attempt of calculationfor RM3-SC3case was time
demanding.l had to stopthecalculation andrun it othertime.
In this second time, the module execution was OKand therun
Performance and . - . .
52 | Accurac time was very similarto the estimated oneand reported in
Y the Technical note of the Verification tests Site
Characterisationmodule. | used the standalone versionin
both cases.
The SC module has been tested with the case RM3 (SCz, SC2,
53 | General remarks
SC3,and SCy).
It isnot clear why for RM3-SC4 the Wave Hs does not change
54 | Generalremarks . .
considering areturn period from 5to soyears.
The statistics values of the fluxvariable related tothe
55 | General remarks Currents output, presentunrealistic values, when RM3-5Cy4
hasbeen run.
56 | Usability Everything went well when runningthe case.
The software is great: the only little point which canbe
Performance and improved isto make an interface more professional,
>/ Accuracy otherwise everythingis great and answers to what we want to
do.
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9.2 MACHINE CHARACTERISATION (MC)

Scores
TABLE 9.6: USABILITY OFMC
ID Statement Response1 Response2 Response3 Response4 Responses Response 6
1.1 |The software isintuitive and easy
touse in general 4 3 5 4 4 4
1.2 |It is easy to create and delete a
Study 5 5 5 5 5 5
1.3 [Itiseasy to edit, save and export
5 4 3 4 2 5
a Study
1.4 |The process of inputting data is
- 3 1 3 4 4 5
clear and efficient
1.5 [Results are meaningful, easy to
. - 3 5 3 3 5
interpret and use
1.6 [l could complete the process
without errors 3 4 3 3 4 5
1.7 |l am satisfied with the overall
. - 4 5 5 3 5
speed of computation
1.8 |The software can be run from my
. . 5 4 5 4 3 5
computer without any issue
1.9 |The training sessions and
documentation are useful for|4 2 4 4 5 5
learning how to use the software
TABLE 9.7: USER-FRIENDLINESS OF MC
ID Statement ‘Response:l. Responsez‘Response3 Response 4 Response 5 Response 6
2.1 | The userinterface issimple, easy
. . 4 3 5 5 4 4
to navigate and well-organised
2.2 [The wuser interface looks
. 4 1 5 5 4 3
professional
2.3 |[It responds promptly to user
actions (inputs, selections, clicks, | 5 4 5 4 4 5
)
2.4 | It provides the user with enough
help, indications and/or guidance |3 2 3 3 2 4
throughout each process
2.5 [The meaning of each data
. " 3 2 3 4 4 5
input/user selection is clear
2.6 | The meaning of each data output
. - 3 5 3 3 5
isclear
2.7 | Visualisation of results is clear
. . - 3 5 3 3 5
and informative
2.8 [The wuser can add further
information to the Study through| s 3 5 5 2 4
the interface
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TABLE 9.8: PERFORMANCE AND ACCURACY OF MC

Statement Response1 Response2 Response3 Response 4 Responses Response 6
3.1 |Results are robust and not
sensitive to small changes of|- 3 5 4 3 4
inputs
3.2 |Results are credible and
trustworthy for the audience ’ 2 > 4 3 4
3.3 |[The accuracy of results is
acceptable  considering  the
granularity/complexity of data ) 3 4 > 3 f
inputsused
3.4 |[The accuracy  of  results
corresponds  to  the user
expectation for the stage of ) 3 > 4 3 >
technology maturity
3.5 |The computational time s
adequate for the level of accuracy | - 4 - 3 3 4
provided
3.6 |The software did not suffer from
any sort of data shortage/lack of |- 4 5 5 2 4
memory during the test
3.7 |The software can handle errors
without crashing > 3 > > 2 >

Fully aggregated results have been analysed without differentiating scores between VSs and
functionalities. In all cases the average value per statement has been considered.

TABLE 9.9: VALUE OF MC
ID Statement Response1 Response2 Response3 Response 4 Responses Response 6

The software allows the user full

4.1 4 2 5 4 4 5

control of the design process

It producesresultsthat allow easy

4.2 . - 3 3 4 2 5
comparisons

It provides a large range of
4.3 |alternatives to create/assess | 4 2 5 5 4 5
technologies

The user is informed about the
internal processing (e.g.
A o - 2 4 4 2 5
remaining time, log) and warned

about potential inconsistencies

The software  meets my
expectations in terms of results,

. 2

> graphical options, interaction, 4 3 4 3 >
and functionality
I would recommend the use of

4.6 3 2 5 5 3 5

this software
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Comments
TABLE 9.120: COMMENTS FORMC
ID Feature Subject Comments
1 | Usability Please note we couldn’t. rate all statements—e.g.thereisno
calculation undertakenin MCmodule fora TEC?
o The study titleis not properly displayed whenin the study
2 | Usability . " )
pages—"StudyID: 4 Page” etc. ratherthan actual title.
Need betterinput boxlabels includingunits, and perhaps info.
. pop-ups orlinkto areference document towhat each term
3 | Usability precisely means. E.g.'Heading Angle Span’, ‘Constant Power
Factor’, ‘Characteristic Dimension’, various ‘Areas’ etc.
. It is probable that the process could be complete without
4 | Usability . .
errors, but no real way of checking as no calculation?
s | User-Friendliness Maybe including directlinks to a glossary or appropriate page
of user manual.
6 | User-Friendliness No outputsforaTEC.
7 | User-Friendliness Is the Cut-infout Velocity slider working for TECs?
The inputs looklike they coverthose we would normally use
8 | Value fairly well, howeverwe are unsure of the exactinput
definitionsin afew cases.
Undecided if we would recommendthe use of this software,
9 | Value until we see how fitsintoother modules and produces results.
Cp/Ct curveisratherstrange —forafree stream TECIwould
10 | Generalremarks expect Cp to max outwell below the Betzlimit of 0.593?
11 | Usability | could not usethe Save Data button
12 | Usability There was no output, even to allow the userto check inputs
13 | Usability | found inputs for RM1 really weird
. : It seemsthat the purpose forthe “logs” buttonis for
14 | User-Friendliness debugging, but thus should be removed
15 | User-Friendliness I was sometimes redirected tothe list page when submitting
inputs
16 | User-Friendliness Remove underscores from material namesin general inputs
When not infull screen, the text is unreadable
CWR Capture Width Ratio
x-direction Defined in agreement with the machine coordinate system, e.g. Tidal: rc
Inputs
+ Submit X Reset
17 | User-Friendliness

Total Height Characteristic Wet Area

Dimension
Total Width

Draft
Total Length

Submerged Volume
Footprint Radius

Mass
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ID

18

Feature

User-Friendliness

Comments
| was surprised to see this, as | was running a TEC scenario

Wave Energy Converter Output Page

Study ID: 10

The output page is only active for a WEC project at complexity level 3

19

User-Friendliness

Min installation water depth can be superiortomax
installation water depth, and “number rotor” (this should be
renamed...) can be o, with noerror message

20

User-Friendliness

Giving anothertitle than “Study ID: 21 Page” for the pages
would help the user

21

User-Friendliness

When clicking on the Inputs link at the top of the page, the
page where the userisredirected has no interest:

= Dashboard / Studles

Study ID: 21 Page

Inputs

22

User-Friendliness

| could not easily provide the Cut In and Cut Out values:

Interdistance Tip Speed Ratio (-) Cut In/Out Velocity (m/s)
(m) - 470 +
00 + select the cut in cut out from the Cp/Ct plot using the
Bi-Directional range sider
0.00 +

23

User-Friendliness

It takes a while to access the Inputs -> Model page, and the
Output page and the Save Data button (this last never
responded). When nothing can be done aboutit, maybe
adding amessage so that the useris aware the pageis loading
would be great.

24

User-Friendliness

With complexity level 3 for TEC, the last value forthe Ctcurve
did not display, and as | had no feedback, there was no way to
know if the value was taken into account or not, and | suggest
to add axis titles with units:

Number of Data
Points - -
Cpi) ct() "‘ =m

0.025 0024
0821 0502
0.558 0464
0.489 0418
0233 0219
0131 0127
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ID

25

Feature

User-Friendliness

Subject

Comments

The plus and minus buttons forthe headinganglesis not
really relevant, with only angles only varying by 0.1° per click

Heading Angle Span (deg) - 1.80 +

26

User-Friendliness

Whenever coordinate systems are used (e.g. interdistance, or
heading span), display a Figure with the definition

27

User-Friendliness

When specifyingmore than one rotor for "Number Rotor”,
which lexpectto bethe numberofrotors perdevice, |
suggest allowing the userto give rotor coordinated (as rotors
may not always be set in the horizontal axis, transverse to the
flow, but could be vertically on a pile forexample)

28

User-Friendliness

Maybe explain the “constant powerfactor”, how the input will
be used (should itbe the maximum, the mean?), and if
precision will be added to this constant parameterin the
othermodules accordingto the complexity level

29

User-Friendliness

The help panelisagood idea, but is notreally visible, and
more important, completely useless withregard toinputsto
be provided...

30

User-Friendliness

When creatinga project, awarning message displays "No
general data has beensaved forthe ProjectID 21", which
could be deletedwhenaccessing for thefirst time to the input

page

31

User-Friendliness

Trust coefficientis thrust coefficient (I hope)

32

User-Friendliness

Adding the unitfor material quantity, and the main
dimensions would be great

33

User-Friendliness

The title “Operations” forthe last columnis weird, maybe
remove thetitle

34

User-Friendliness

Itisnot clearhow interdistance will be used in the general and
model pages. Indicate if thisis the distance between rotor for
thistwo rotors-device, orthe distance toaccommodate when
designing the array.

35

User-Friendliness

More guidance should be provided relative tomain
dimensions, thereis no way to know what is expected(e.g. if
the intent isfor LMO, maybe havingthe dimensions forthe
biggest assembly supposedto be lifted would be necessary,
orif these dimensions should be used in formulas, like power
coefficients).

36

User-Friendliness

Efforts should be made on adapting inputs to complexity
levelsand type of technology (wetarea or submerged volume
forfixed tidal are not clear).

37

User-Friendliness

Allthe default values the software uses when the inputs are
not provided by the usershould be explicitly mentioned.

38

User-Friendliness

In a general manner, ifinputs are not necessary tothe study,
forexample in case the complexity levelislow, it must be
removed.

39

User-Friendliness

The draft must be provided butlettinga value of o isaccepted
by the software, | don’t know if thisis normal.
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ID Feature Subject Comments
Forcomplexity level 3, a Tip Speed Ratio istobe provided, but
there isno guidance on how this will be used (is this supposed
to be the optimal TSRfor normal operation? Why to provide a
. : single TSR and the whole performance curves?); When having
40 | User-Friendliness | - a look at the technical note, the Cp coefficient for complexity
levels1-2 is different fromany value in the U-Cpcurve, there
isno way to understandwhat isintended when providinga
single value.
. : NumberRotor (-) may be changed toa more meaningful title
41 | User-Friendliness | - (isthisthe number of rotors per device ?).
If the outputsection is available for WEC and TEC, even only
Performance and | Study . :
42 | Accurac Management forcomplexity level 3, it would be great tohave feedback that
Yy g ; ;
inputs were correctly considered.
Allowing the userto specify multiple rotor diameterfora
43 | Value - ) ) . .
single device headingmay be appreciated.
No error message is displayed when some inconsistent inputs
44 | Value - .
are provided.
45 | Value - Much more Figures and guidance to help the user are needed.
The maximum Cp coefficientforthe RMi1deviceis0.62 inthe
46 | Generalremarks | - . . L .
technical note, thisis above Betzlimits, thus surprising.
. Export was not working whenltestedit (maybe that was due
47 | Usability i tol':c)he slowserver?) ’ ’
Some inputs are not clearly defined yet:
¢ Definition of draft
48 | Usability - ¢ Sign of waterdepth is negative in the documentation
* Momentof inertia/cog/euler angles could not be defined
(the GUI will put1.0 whatever we typein thefield)
Performance and | Study Sofar, | could not testareal case because of the moment of
49 Accuracy Management | inertiaequalto1.o
50 ieészr;nzjnce and SfLI:J|th|):r:Scy Thisis afield that you have copied/pastedfrom Spey | guess
We cannot compare one study with anotherin MC module at
this stage. But this s a difficult functionality to implement, so
51 | Value - . : o
I am not sure we can expect thisto be implementedin this
project.
I would like to have additional results displayedin the GUI:
52 | Value - hydrostatic matrix (including restoringforces from buoyancy
force AND gravity force)
53 | Generalremarks | - Special congratulations forthe clear and well-organized GUI.
Regarding the mesh: maybe indicate that the symmetry axes
54 | Generalremarks | - are defined in the mesh file.
Fix the problem with inputting the moment of inertia, cog or
55 | Generalremarks | - eulerangles (unit of angles. Note: moment of inertia canbe
positive ornegativein practice.
56 | Usability - Tablesforrepresenting results could be useful tohave.
Some pop-up help couldbe usefulfora quick understanding
. : ofthe variables.
57 | User-Friendliness | - An indication about the signto be usedto input the draft
values.
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ID

58

Feature

Performance and
Accuracy

Subject

Comments

Computational time seems a bit toohigh. Optimal processor
and memory requirements should be provided in order to give
the users details aboutthe computertouse andto plan
simulation launches (e.g.torunin the eveningto get resultsin
the morning).

59

Value

An output file could be useful to have for comparingresults
forexample for carrying outa sensitivity analysis about a
parameter (e.g.to make a graph superimposing radiation
damping changing diameter of the prime mover...)

60

Usability

Editing and save (in the sense of submitting inputs for every
stage of the project) is very easy, but maybe the word ‘save’
should be substituted with'export’ because thisis the
functionality thatactually allows the userto export a project.

61

Usability

Due to some problems with the server, was not possible to
output the results for WEC3.

62

Usability

There were some statements difficultto rate because, not
being able to seethe results, it is difficultto judge the speed
of computation and there was no needforthe usertoinstall
the software on his computer.

63

User-Friendliness

Maybe the user could be more guided throughoutthe
process. Especially when it comesto the selectionofthe
mesh, some text boxes with informationforthe kind of mesh
to be selected might be useful.

64

User-Friendliness

Unfortunately, the visualisation of the results was not
possible.

Wave Energy Gonverter Output Page
e

65

Performance and
Accuracy

This section was almost impossible toscore, not having seen
the results

66

Value

It might be useful forthe userto compare different scenarios.

67

Usability

Globally, the softwareisintuitive, and the training sessions
were useful to understand how touse the software.

68

User-Friendliness

The main point tobe improved tomy mind is the interface:
the software isreally good, but the interface doesn'treally
look professional
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9.3 ENERGY CAPTURE (EC)

Scores
TABLE 9.11: USABILITY OF EC
ID Statement Resp.1 Resp.2 Resp.3 Resp.4 Resp.5 Resp.6 Resp.7
1.1 |The software is intuitive and easy
. 5 4 4 4 5 4 5
touse in general
1.2 |It is easy to create and delete a
5 5 5 5 5 5 5
Study
1.3 [Itiseasy to edit, save and exporta
5 3 5 4 5 4 4
Study
1.4 |[The process of inputting data is
. 5 3 4 5 4 5 5
clear and efficient
1.5 |Results are meaningful, easy to
. 5 4 3 4 4 4 5
interpret and use
1.6 |l could complete the process
. 5 5 3 5 5 5 5
without errors
1.7 |lamsatisfied with the overall speed
. 4 5 5 5 5 5 5
of computation
1.8 |The software can be run from my
. . 4 3 5 5 5 5 5
computer without any issue
1.9 |[The training sessions  and
documentation are useful for|sg 4 4 5 5 4 5
learning how to use the software

TABLE 9.12: USER-FRIENDLINESS OFEC

ID Statement ‘Resp.1 Resp.2 Resp.3 Resp.4 Resp.5 Resp.6 Resp.7
2.1 | The user interface issimple, easy to
. . 4 4 4 5 4 5
navigate and well-organised
2.2 | The user interface looks
professional 4 2 4 3 3 4 5
2.3 | ltresponds promptlyto user actions
. . . 5 4 5 5 5 5 5
(inputs, selections, clicks, ...)
2.4 | It provides the user with enough
help, indications and/or guidance 3 2 3 4 4 4 5
throughout each process
2.5 | The meaning of each data
. . 5 2 3 5 4 5 5
input/user selection isclear
2.6 [ The meaning of each data outputis
4 4 3 5 5 4 4
clear
2.7 | Visualisation of results is clear and
. . 5 3 3 5 5 5 5
informative
2.8 |The user «can add further
information to the Study through|- 2 5 4 4 5 4
the interface

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 291 |331




Ds5.8
Testing and verification results of the Deployment Design tools — beta
version

TABLE 9.13: PERFORMANCE AND ACCURACY OF EC

Statement

DTOcean+

Results are robust and not sensitive
to small changes of inputs

Results are credible and trustworthy
for the audience

33

The accuracy of resultsis acceptable
considering the
granularity/complexity of data
inputs used

3.4

The accuracy of results corresponds
to the user expectation for the stage
of technology maturity

3.5

The computational time isadequate
for the level of accuracy provided

3.6

The software did not suffer from any
sort of data shortageflack of
memory during the test

3.7

The software can handle errors
without crashing

Fully aggregated results have been analysed without differentiating scores between VSs and

functionalities. In all cases the average value per statement has been considered.

ID Statement

4.1

The software allows the user full
control of the design process

TABLE 9.14: VALUE OF EC

‘Resp.1 Resp.2 Resp.3 Resp.4 Resp.5 Resp.6 Resp.7

5

3

4

5

5

5

4

4.2

It produces results that allow easy
comparisons

43

It provides a large range of
alternatives to create/assess

technologies

A

The user is informed about the
internal processing (e.g. remaining
time, log) and warned about
potential inconsistencies

4.5

The software meets my
expectations in terms of results,
graphical options, interaction, and
functionality

4.6

| would recommend the use of this
software
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Comments

ID

Feature

Usability

0
DTOcean+

TABLE 9.15:t COMMENTS FOREC

Subject

Comments

“Go Back” and “Next” buttons could be added, forthe userto
navigate smoothly

Usability

Exporting was not allowed

Usability

When trying to input the array layout, | copy pasted the data
from the Excel, but could not delete any datathen, even with

the reset button
X y

533,811,652 5,234,315.113

533,705.804 5,234,381.605

33,599.956 9,234,448.097

o

533,494.108 5,234,514.59

533,386.26 5,234,581.082

User-Friendliness

The title of the study: "Study ID: 32 Page”, couldbe modified

User-Friendliness

“Trust” coefficient could be changed to “thrust”

User-Friendliness

Inthe array layout section, even if | targeted 10 devices, only 5
rows would appearfor complexity 1 and 3, and there was no
way to checkforthe s last values:

B10 v fr

Device Position

A B {
533811.6516 5234315.113
533705.8036 5234381.605
533599.9556 5234448.097
533494.1077  5234514.59;
533388.2597 5234581.082
533282.4118 5234647.574
533599.7023 5234918.27
533705.5503 5234851.778
533811.3983 5234785.286
533917.2462 5234718.794

HEB oo~ uswN

User-Friendliness

Values should be rounded toareasonable digit to avoid
unreadable outputs

User-Friendliness

The help messageisnot helpful, lam not sure thisisintended
to be keptidentical: “Consistent withinthe interface: all
elements should be consistent, suchas: design style, icons
and texts, position of elements, etc. »

User-Friendliness

The summary for site conditionsis agood idea, but a visual
description couldbe evenbetter, with a map displaying.

10

User-Friendliness

Characteristiclengthis not defined for complexity level 2. If
thisis normal, maybe removing the line couldbe great:
Machine Condition Summary

Rated Power Machine (W): 1100000
Characterisitc Length (m): undefined
Power Coefficient (-): 0.554

Trust Coefficient (-): 0.46
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ID

11

Feature

User-Friendliness

Subject

Comments

When providing a complexity level 2 SCfile fora complexity
level 3 study, the error message is not friendly at all

JMissing

12

User-Friendliness

Doesthe ID (#) for complexity level 3, tidal, referto the binin
the site condition summary? It should be clarified

13

User-Friendliness

Json files are hard to use whenthe formatis not explainedto
the user, apre-processor shouldbe created forusers of the
standalone mode.

14

User-Friendliness

Coordinates are noteasy tointerpret, with units and rounding
that are not friendly

Hah Diregion

|
cm Device2227

colo.co-o-{

15

User-Friendliness

Outputfor AEP are given in billions Wh, GWh would be better

16

User-Friendliness

It is possible to write notes, but nothing appearsin the
outputssection.

17

Performance and
Accuracy

There isno easy way to know if the results are credible and
trustworthy forthe audience, input data was hard to
understand. Butlfoundqfactors forthree devicesthatwere
not equal to 1 for complexity level 2, though 1 is expected for
every device at each complexity level.

g-factor, [-]

1
06
04
02
0

18

Value

It would be great toallow the userto specify the orientation
angle foreach tidal devicein afarm.

19

Value

Thismay be acommentforthessite characterizationmodule:
Allowing the currentto varyin intensity and direction within a
site would be appreciated (I could not seeif this was the case
inthe currentversion asinputs are impossible to read). Then
displaying the intensity anddirection foreach device would
be great in the outputsection of EC.
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ID Feature Subject Comments
Need betterinput and outputlabelsincludingunits, and
. perhapsinfo. pop-ups orlinkto areference document towhat
20 | Usability - . . PP
each term precisely means. E.g., ‘q-factor’ definition on
Outputgraph?
Excel drops zero’s on TEC position lat/longs when directly
21 | Usability - copied and pasted —error not caught by software and ledto
some head-scratching!
Maybe it would be useful to include direct links toa glossary
22 | User-Friendliness | - orappropriate page of usermanual, e.g. ‘q-factor’ definition
on Outputgraph?
. : ‘Power Coefficient(-): o. 22’
23 | User-Friendliness | - That'savery high PE)\)/verS(gjggzﬁcient?
24 | User-Friendliness | - Labels on output graphs/graphics?
Visualization issue as indicatedin documentationarose -
25 | User-Friendliness | - clicking onthe farm view and go back to the site view, solved
the visualization problem. Works withthis fix...
Not sure array layout output graphic workingin any RM1
scenario?
26 | User-Friendliness | - , o
27 Performanceand | _ Only calculation for TEC is Annual Energy Production (AEP)?
Accuracy
Performance and AEP caIcuI‘?\tion ngks correctforx1 orxio 1.1MWTECs—once
28 Accuracy - |I.'IOted-‘B'ISfOI‘bI”IOI']!Mlght be worth calculating and
displaying outputas the more useful MWhor GWh?
29 | Value - The basic inputs look like they cover general requirements ok.
Seemsthere are stillquite afew input & outputvisualisation
30 | Value i errors, so difficult to presently judge this?
Undecided until we see how fits into other modules and
31 | Value -
producesresults.
Cp/Ct curveisratherstrange —forafree stream TEC| would
32 | Generalremarks | - o
expect Cp to max outwell below the Betzlimitof 0.593?
33 | Generalremarks | - The stun‘j\ytitleis not properl'llydisplayedwhenin the'study
pages—"Study ID: 28 Page” etc. ratherthanactual title.
34 | Usability ) Maybe we can set directly the name of the study instead of
“Study ID: X Page”.
35 | Usability - The software is very easy to use.
36 | Usability i It v.vo.uld pe good to set an optionto importastudy from
existing files.
37 | Usability - Training sessions were again useful.
38 | User-Friendliness | - The userinterface cquld be rrjore'professional (graphical
aspect), but the tool is really intuitive.
Performance and | Study Maybe we can set an indicator of the remainingtime forthe
39 Accuracy Management | calculation.
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Feature

Subject

Comments

40 Performance and | Inputs . The dataand inputs are easy tounderstand
Accuracy Collection
41 | Value i Maybe improvingthe comparisonbetween twostudies as it
can’t be donedirectly forthe moment.
Thanks forthis software, it's a great work evenif there are still
42 | Generalremarks | - ) .
some detailsto improve.
43 | Usability i The title of the study should be presented in the top of the
page, instead of "Study ID: X Page”
44 | Usability - The software is very easy and straightforward to use.
. : The name of the outputs should be more explicit, instead of
45 | User-Friendliness | - AEP and g-factor.
46 | User-Friendliness | - The us_erinterface couldlook more professional, butit is very
user-friendly.
Performance and | Study The message “calculatingthe results”, could have an
47 Accuracy Management | estimationoftheremainingtime forthe calculation.
48 Performance and | Inputs . The dataformat is easy to understand
Accuracy Collection
The comparison between studies didn'tlook direct, the user
49 | Value - must collect theresultsindependently and thencompare
them.
50 | Generalremarks | - The software looks consistentand robust.
. Exporting the study is not possible, but the warning message
51 | Usability - L2 X
explaining it will be developed lateris a good touch.
52 | Usability ) Whenimplemented,theoption toimport astudy fromafile
will be very welcome.
. Very convenienttocopy device position table from the
53 | Usability i spreadsheet, instead of filling one by one. Nice.
54 | Usability ) Yisualization of array layout was greatly improved. This 3-d
view looks good
. Would be greatto have explanation/help button describing
55 | Usability ) what the g-factoris.
. VS1VCa: Oncethe results have been calculated, the
56 | Usability - N . N .
calculating the results” message should disappear.
I would introduce the vertical axis label forthe AEP. Also, |
57 | Usability i know this might go against what was discussed before, Wh
seems a bit small unit for AEP. Maybe represent in kW (even
though calculations use Wh)?
Doesthe “MainDirection” arrow representthe main
58 | Usability - current/swell direction? Would be nice to have this specified,
as well as the directionin compass coordinates.
VS1: Surprisingly fast speed, evenfor CPX3.ForVS2_VC3
(CPX3), amessage warninguser of expected computational
59 | Usability - speed should beincluded (even though it's below 1min, it's a
case which takes much more timeto runwhencompared to
tidal tests).
Inthe study list, the columnwidths could beimproved,
60 | User-Friendliness | - namely placing everything on asingleline asit looks
unformatted.
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ID Feature Subject Comments
A message warning user of expected computational speed
. . should be included(eventhoughit’s below 1min, it's a case
61 | User-Friendliness | - . . .
which takes muchmore time to run when compared to tidal
tests).
6> | User-Friendliness | - The capture width plot could be explained, aswell asthe
objective of the notes (usinga help/info hover button).
63 | User-Friendliness | - Q-factor could be briefly explained.
6 Performance and | Study The results were not evaluated in respect to accuracy, but
4 Accuracy Management | theylookcredible.
Perf oy . ,
65 erformance and | Study The software dealt well withincorrect inputfiles.
Accuracy Management
Noticed that when going back to the Farminputs (e.g.
VS1VC2), the device positions do not show the entire list of
devices (it should show 10 devices). Changing the target
number of devices (to g and then back to10) fixes this.
Study ID: 11 Page
66 Performance and | Inputs
Accuracy Collection
6 Performance and | Inputs Not sure what the notes do. Will they be compiled in areport
7 Accuracy Collection orjust stay there in the window?
When pressingthe “calculate” button, wouldbe nice to check
68 Performance and | Inputs whetheranyinput has notbeensubmitted yet. Whenrunning
Accuracy Collection multiple times changingjust one input, sometimes | forgot to
submit the device position inputs before running.
The tool handles well the representation of devices located
Performance and | Inputs . . .
69 . outside thelease areaare introduced, however | believe a
Accuracy Collection :
warning should be presented.
In VS1V(3, ablank machine capture widthratio plotis
Performance and | Inputs . . -
70 Accuracy Collection presented totheuserinthe input page. Confused why this is
(happensforVSi1and VS2 test cases).
ForVS2VCa, I was confused by this array layout on the lease
area. s thisright lease area boundary closerto shore? How
made this layout happen?
Performance and | Inputs
71 .
Accuracy Collection
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ID Feature Subject Comments

Comparison betweenstudies functionality not well
| implemented (eventhoughthis will beimplementedon a

72 | Value higherlevel, I'm justletting this here for consistency withthe
othermodules)

73 | Value Remaining time should be presented to user.

74 | General remarks Overall the tool looks and works really well. Congratulations!
We tried to change device coordinates for launchingdifferent

75 | User-Friendliness cases and observe the effects onq-factor but the software
crashed.

56 | value The graph Capture WidthRatioshows ordinates number like
“"2M":isit meters? Shouldn't be %?
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9.4 ENERGY TRANSFORMATION (ET)

Scores
TABLE 9.16: USABILITY OFET
ID Statement ‘ Response1 Response 2‘ Response 3 Response 4 Response 5 Response 6
1.1 |The software isintuitive and easy
2
touse in general 4 5 4 5 5
1.2 |It is easy to create and delete a
Study 5 5 4 5 5 5
1.3 [Itiseasy toedit, save and export
5 5 4 4 5 5
a Study
1.4 |The process of inputting data is
. 4 4 2 4 5 5
clear and efficient
1.5 [Results are meaningful, easy to
, 4 4 1 4 4 5
interpret and use
1.6 [l could complete the process
without errors 5 5 5 5 4 4
1.7 |l am satisfied with the overall
. 5 5 5 5 5 5
speed of computation
1.8 |The software can be run from my
. . 5 5 5 5 5 5
computer without any issue
1.9 |The training sessions and
documentation are useful for |4 4 4 5 5 5
learning how to use the software
TABLE 9.17: USER-FRIENDLINESS OFET
ID Statement ‘ Response 1 Response 2 ‘ Response 3 Response 4 Responses5 Response 6
2.1 | The user interface issimple, easy
i . 4 5 1 4 5 4
to navigate and well-organised
2.2 [The wuser interface looks
. 4 4 2 3 5 3
professional
2.3 |[It responds promptly to user
actions (inputs, selections, clicks, | 5 5 1 4 5 5
)
2.4 | It provides the user with enough
help, indications and/or guidance |3 3 3 2 4 4
throughout each process
2.5 [The meaning of each data
. o 4 5 2 3 5 5
input/user selection is clear
2.6 | The meaning of each data output
. 4 5 2 4 5 5
isclear
2.7 | Visualisation of results is clear
. . 4 4 1 4 5 4
and informative
2.8 [The wuser can add further
information to the Study through | 4 5 3 3 g 4
the interface
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TABLE 9.18: PERFORMANCE AND ACCURACY OFET

DTOcean+

—2cean

Statement Response 5 Response 6
3.1 |Results are robust and not
sensitive to small changes of |3 - - 4 3 4
inputs
3.2 |Results are credible and
trustworthy for the audience 4 ’ ’ 3 4 4
3.3 |[The accuracy of results is
acceptable  considering  the
granularity/complexity of data 4 ) ) 3 4 >
inputsused
3.4 |[The accuracy  of  results
corresponds  to  the  user
expectation for the stage of 4 ) ) 3 > >
technology maturity
3.5 |The computational time s
adequate for the level of accuracy | 5 5 5 4 5 4
provided
3.6 |The software did not suffer from
any sort of data shortage/lack of |5 5 5 4 5 5
memory during the test
3.7 |The software can handle errors
without crashing > 4 > 4 > >

Fully aggregated results have been analysed without differentiating scores between VSs and

functionalities. In all cases the average value per statement has been considered.

ID Statement

4.1

The software allows the user full
control of the design process

4

TABLE 9.19: VALUEOF ET

‘ Response1 Response 2 ‘ Response 3 Response 4 Responses5 Response 6

4

4

2

5

5

4.2

It producesresultsthat allow easy

comparisons

43

It provides a large range of
alternatives to  create/assess
technologies

A

The user is informed about the
internal processing (e.g.
remaining time, log) and warned
about potential inconsistencies

4.5

The software  meets my
expectations in terms of results,
graphical options, interaction,
and functionality

4.6

I would recommend the use of

this software
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TABLE 9.20: COMMENTS FORET

Subject

Outputs:
Array/Device/P
TO Outputs

Comments

Please double checkthe “info” (seeimage below) provided in
each output. In some cases, it isn‘t correct.
Taxonomy -> Hierarchy tableisn’t giving any information.

The GUIlis differentfrom other modules. For example, when
creating the study, you haveto upload files.

Although it isintuitive, it is not what the user expects after
having used other modules.

The overall interface requires fartoo many clicks with most
things hiddenforno clearreason. Thisseemsto apply to all
modules.

The duplication of the studies across both the ET Studies &
Analysis mode pagesis slightly confusing, couldthelinks to
select/outputs be on the studies page?

The list of studies does not make good use of the available
space, needingawide window to remove the horizontal
scrollbar (making it more difficult to multi-task).

The Outputs buttonshouldbe disabledif there are no outputs
calculated.

When creatinga study withouta unique nametheinputs are
lost. The usershould be able tochange the name and not
needtore-enterall thedata.

Comments
ID Feature
Performance and
1
Accuracy
2 User-Friendliness
3 | Usability
4 | User-Friendliness
5 | User-Friendliness
6 User-Friendliness
7 User-Friendliness
8 User-Friendliness

If add multiple studies consecutively, the filenames are still
shown inthe upload boxes, but I needto add thefile again
despite this which is confusing.

Drop file here or click to upload

json files with a size less than 2Mb
ec_data_wave_VC4 json

ec_data_wave_VC4 json

Cancel
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ID Feature Subject Comments
Onthe inputdata page, why is everything hidden tobegin
9 | User-Friendliness | - with? lunderstand .groupingfchings tog.e'.the r, butit WOU|.d be
much more usable if everythingwere visible and | couldjust
scroll down.
10 | User-Friendliness | - Powershould be in kW or_MW so there are not so many 0oo to
type (easy to enter30kW instead of 300kW)
Not clear why the rated poweris entered3 times for
11 | User-Friendliness | - mechanical, electrical, and grid conditioning. It would be
helpful if the pre-filled value forthe later 2 was the same as
enteredin thefirst box, ratherthan typing it 3 times.
Forthe help on Electrical conversion class, it would be useful
12 | User-Friendliness | - to have asummary of what A/B/F/Hmean. Similarly, explain
what the cosfi (cosphi?) parameteris.
The results pages are very difficult to navigate. If | click
13 | User-Friendliness | - taxonomy then hierarchy tableit just hides all the results, |
cannot see thisresult.
The BOM is mostly hidden with an unnecessary scrollbar, I do
not understand why so much of the screen space is wasted.
14 | User-Friendliness | -
15 | User-Friendliness | - U.singjso'n format for’Fhe export of resultsis notvery user
friendly, it would be nice tohave csv formatforthe datatoo.
ForVC2,the Device ShutdownFlag canbe setat o or1.1don't
Performance and | Inputs . . .
16 Accuracy Collection ur_1de rstand hovx_/the device can be considered to I_:>e active
with o PTOs active? Should this be the number failed?
Performance and Outputs: . \Thei results shouldnot displlay uny\{arranted precision, e.g.
17 Accuracy Array/Device/P | ‘weight of the components’ specified tothe rlearest 10°®
TO Outputs grams! Nearest kg would be more than precise enough.
The help for'bill of materials’ obscures that for ‘weight of the
components’
Taxonomy
Design _ L i
Performance and Outputs: Bill of materia\s of the Energy Trans
18 Array/Device/P formation subsystem
Accuracy TO Outputs
Weight of the components@ kg
Bill of materials@
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ID Feature Subject Comments
19 Performance and grt:;sflgse.vice/P | would have expecteda percentage loss at each stage would
Accuracy be calculated as part of the assessments.
TO Outputs
Performance and Outputs: . Plots of the results would be bettertobe visualise the energy
20 Accuracy Array/Device/P assessment etc
TO Outputs '
Outputs: The powerassessment requires 6 clicks to view and has so
Performance and - much white space thatit doesnotall show on myscreenat
21 Array/Device/P . . -
Accuracy TO Outputs once. Thisshould bg one tabIgW|th rpwsforcondmon and
columns of mechanical, electrical, grid poweretc.
Performance and Outputs: ' Similarly, inthe device outputs page could't.hese ngt be
22 Accuracy Array/Device/P | tabulated (and preferably plotted) so thatit is possible to
TO Outputs compare betweendevicesin the array.
23 Performance and grizsfsse'vice/P Forthe PTO outputs, if there isonly 1 PTO per deviceit
Accuracy should be selectedby default.
TO Outputs
The tool hasavery comprehensive set of options, butas |am
24 | Value - not an electro-mechanical engineer, | cannot comment on the
exact scope of these.
The tool could provide feedback if the design is poor, e.g. if
25 | Value - the powerrating of the gearbox was far from optimal
resulting in a very inefficient design with highlosses.
Overall, the tool is powerful, but let down by a confusing and
26 | Generalremarks | - notvery user-friendly GU! thgt _requires.man.yclicks toreveal
inputs/results and makes it difficult tovisualise and compare
outputs.
| suggest tosimply remove the line for "Machine
. Characterisationstudy” inthe “Create an Energy
27 | Usability - : ; .
Transformation study”, aslong asthe userhas not provided
the first two json files. It looks like a bug.
Stepswhen clickingonthe"-"and “+” buttonsneed to be
28 | User-Friendliness | - adjusted to relevantvalues forthe parameter considered (e.g.
adding 1 unit to a 1000000 basis is not useful)
. . | found confusing tohave splitthe “ET Studies” and “Analysis
29 | User-Friendliness | - ,,
mode
The layout could beimproved, and "materias” corrected to
“materials"”:
30 | User-Friendliness | - . caLios Elct_smitos
Problem with the display of the help messages:
;m of materials of the Energy Trans
31 | User-Friendliness | - o
Weight of the components@ kg 146199.59999999995
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ID

32

Feature

User-Friendliness

Subject

Comments

The taxonomy panel couldbe removedto bedirectly
integratedin atitle forthe section:

onom!

PTO ID@ s PTO_1_0

33

User-Friendliness

Brackets may be removed:

[551.16]

34

User-Friendliness

Inthe “Analysis mode” window, clicking onthe “select”
button to access the study neverworked the first time, but
worked immediately after refreshing the page.

35

User-Friendliness

The hierarchytableforthe array neverdisplaysin the
taxonomy section.

36

User-Friendliness

| would find usefulto add more guidance relative tothe
following point: “In case of updating the external modules,
again, upload the filesin the proposed order (EC, SC and MQ).
If not all the files are tobe uploaded, ensure that if EC file is
updated, MCis uploaded again evenifthefile isthe same.
Thisis because thetool updates the internal variables during
the MCupload.”

37

User-Friendliness

| suggest toclearly display to the user what default values will
be considered for eachtransformation step, forthe
complexity level used.

38

User-Friendliness

Warning the user aboutthe complexity levels used forthe
various inputs from GUI, catalogues and other modules, if
they are compatible, and what they allow to achieve
(eventually referring tosectionin documentation).

39

User-Friendliness

Maybe stating more clearly what “active” and “operational”
mean and renaming “Device Shutdown Flag” tosomething
clearer.

Minimum number of PTOs required to be active for the device to be operational

Device Shutdown Flag @ 1

40

User-Friendliness

| suggest toprecise the periodused to estimate all the values
in the output section (energy, damage...)

41

User-Friendliness

Rounding would make it clearer:

Mechanical System - Damage@ - 0.16154084618179027
Electrical System - Damage@ - 0.4907309687628551

Grid Conditioning System - Damage@ - 0.9916281259067515
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ID

42

Feature

User-Friendliness

Subject

Comments

| don’t understand the intentforthe Unit of measurement (if
no values are provided, | suggest to deleteit)in the following
table:

Bill of Materias Table ~

NA 55000
NA 30734

NA 207106.58

4 b

43

User-Friendliness

Cpto/sigma_v shouldbe defined to the user, thisis not
widely used. The help message never displays here:

Providing the formulaforthe Damagein a help panel could be
great, with expected magnitudes.

bt

Performance and
Accuracy

Outputs:
Array/Device/P
TO Outputs

We had no baselineto assess the results

45

Value

About the mechanical transformation type: | suggestto add
the option foradirect drive powertrain (i.e. no gearbox), or at
least not having reliability or cost issue comingfrom a
gearboxwith aratio let tounity if we account fora direct drive
solution.

46

Value

About the electricity transformation type:

- lwassurprised that the only possibility for the electrical
transformation feature was SCIG, as tidal turbine
developers mainly use PMSG and DFIG generator.

- Maybe having two rated powers, one forthe generator
side, and one forthe Active Front End side could be great

- We suggestto have "S1 Rated Power” instead of “rated
power” (and eventually S2...S10 for high complexity levels)

- We suggestto allowtheusertoprovide tabular
bidimensional inputs to define the generator efficiency, as
a function of speed and torque for a given generator
(maybe with distributions associated tothe torque and
speed encountered in each sea state provided by the EC
module)

- We suggestto rename “"maximal tonominal torque”,
which may be confusing, to “peak to nominal torque”, as
maximum is sometimes a quadraticaverage, ortime-
averaged value

- Incase aPMSG option is offered, the flux weakening
control allows a non-constant maximumtonominal
voltage, and two inductances could be provided, Ld and
Lq, depending on how magnets are mounted
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ID

47

Feature

Value

Subject

Comments

About the grid conditioninginputs:

- We suggestto add thelinefilterinductance, resistance,
capacitance, along withthe type of filter (L, LCL, dvdt)

- We suggestto add the capacitance at the output of
frequency converters, and for the DCbus, which affects
damping

48

Value

We suggestto add in the catalogues Semikron|GBTs, and
new models made of silicon carbide materials, asthey are
expectedto play animportantrolein the future years

49

Value

| was not expecting the control strategy to be based solely
on seastate, but | can understand the reason tooptforthis
easy approach

5o

Value

Maybe giving the opportunity tothe userto provide its own
json file with components and associated datafrom a
previously run study could be great

51

Value

When running the tool, amessage could be displayed to
inform the userthat the calculation has begunand show the
progress of calculation. | did not know if the module was
working when clickingon “Run”

52

Value

If default values are used, they shouldbe mentioned tothe
user.

53

Performance and
Accuracy

Study
Management

The cases were builtin arigid way: fixed point cases. For
example, at the wave cases it was not possible to testarray
production by changing the sea state: we tried tochange
wave period by no power production changes occurred. No
information aboutthe selection of B_pto: was it the optimum
value? How the passive control systemacts with asingle sea
state verification case?

54

Value

The only change of dampingfactor produced some power
production changes.

55

Value

It is desirable to evaluate and plot wec RAO or power against
wave frequencyrange.

56

Usability

Globally, the softwareis intuitive and the trainingsessions
were useful to understand how touse the software.

57

User-Friendliness

The main point tobe improved tomy mind is the interface:
the software is really good but the interface doesn't really
look professional.
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9.5 ENERGY DELIVERY (ED)

Scores
TABLE 9.21: USABILITY OFED
ID Statement Response1 Response2 Response3 Response 4 Responses
1.1 |The software isintuitive and easy
touse in general 4 5 4 4 4
1.2 |It is easy to create and delete a
Study 5 5 5 4 5
1.3 |ltiseasy to edit, save and export
3 5 5 4 4
a Study
1.4 |The process of inputting data is
. 4 4 4 3 3
clear and efficient
1.5 [Results are meaningful, easy to
. 3 5 4 5 3
interpret and use
1.6 [l could complete the process
without errors 3 2 4 * 4
1.7 |l am satisfied with the overall
. 4 3 5 4 3
speed of computation
1.8 |The software can be run from my
. . 4 2 5 5 4
computer without any issue
1.9 |The training sessions and
documentation are useful for|4 5 5 5 4
learning how to use the software
TABLE 9.22: USER-FRIENDLINESS OF ED
ID Statement ‘ Response1 Response 2‘ Response 3 Response 4 Response 5
2.1 | The userinterface issimple, easy
i . 5 5 4 5 4
to navigate and well-organised
2.2 [The wuser interface looks
. 3 3 5 5 2
professional
2.3 |[It responds promptly to user
actions (inputs, selections, clicks, | 5 2 5 g 2
)
2.4 | It provides the user with enough
help, indications and/or guidance | 2 5 4 5 2
throughout each process
2.5 [The meaning of each data
. _ 2 5 4 5 3
input/user selection is clear
2.6 | The meaning of each data output
. 4 4 4 A 2
isclear
2.7 | Visualisation of results is clear
. . 4 4 5 4 2
and informative
2.8 [The wuser can add further
information to the Study through|s 5 5 4 2
the interface
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TABLE 9.23: PERFORMANCE AND ACCURACY OF ED

ID  Statement Response1 Response 2 Response3 Response 4 Response s
3.1 |Results are robust and not

sensitive to small changes of|s 5 4 - 3

inputs

3.2 |Results are credible and
trustworthy for the audience

3.3 |[The accuracy of results is
acceptable  considering  the
granularity/complexity of data
inputsused

3.4 |[The accuracy  of  results
corresponds  to  the user
expectation for the stage of
technology maturity

3.5 |The computational time s
adequate for the level of accuracy | 5 4 5 - 3
provided

3.6 |The software did not suffer from
any sort of data shortage/lack of | 5 4 5 - 5
memory during the test

3.7 |The software can handle errors
without crashing

Fully aggregated results have been analysed without differentiating scores between VSs and
functionalities. In all cases the average value per statement has been considered.

TABLE 9.24: VALUE OFED
ID Statement Response1 Response2 Response3 Response s Responses

The software allows the user full
4.1 . 4 5 4 5 4
control of the design process

It producesresultsthat allow easy

4.2 . 4 3 5 4 4
comparisons

It provides a large range of
4.3 |alternatives to createfassess |3 5 5 5 4
technologies

The user is informed about the
internal processing (e.g.
4.k L 2 2 4 - 1
remaining time, log) and warned

about potential inconsistencies

The software  meets my
expectations in terms of results,

. - 2
> graphical options, interaction, > 4 4

and functionality

I would recommend the use of
4.6 5 4 5 - 3

this software
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Comments

ID

1

Feature

Usability

TABLE 9.25: COMMENTS FORED

Subject

Comments

The technical note forthe verification of ED is suitable.

Usability

Inputs

Change “Cableinstallationtool” to “cable installation
method"” as it seems more appropriate.

Usability

Inputs

Is there adistinction between CPX2and CPX3 in respect to
inputs?
[NOTE: no, there is not]

Usability

Inputs

Case 2.2 inputtingRM3 site files crashes my Edge and Firefox
browsers (also legend is weird for reduced bathymetry file)

Usability

Inputs

Ability to export DR not available yet.

Usability

Inputs

Remove fromthe Array inputs page the “(m,m)” of the Array
Device layoutinputasitisajson file

Usability

Design

Test files are now running, althougha blank error message
appears (now very unfrequently), possiblydue to atimeout
error.

Usability

Design

I noticedthatoncelhave filled the inputs and left blank the
“Footprint radius”, which was automatically stored as “o”
(zero). | could not replicate this behaviour, but | did notice
that everytime the footprint radiusis defined as zero, a
timeouterrorshows up (blank message).

Usability

Inputs

Introducing ajson file by handis not extremely user friendly.

10

Usability

Inputs

| had problemsto upload thesite inputs. The interfaceis
correct. | could notload site inputs, and therefore checkits
interface.

11

Usability

Inputs

Took afew refreshes of the page each time when accessing
“Energy Delivery Studies”, toseethelist of studies. Usually
thisimage appeared first, with nodata:

*=  Dashboard / Energy Delivery Studies

The same when opening a study, theinputs were empty and
tookalongtime to/didn’tat all load:

Name of Study:
Description:

Complexity Level:

« Site inputs

+ Device inputs

« Array inputs

+ Cable configuration inputs
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ID

12

Feature

Usability

Subject

Inputs

Comments

Relative to1.2: If complexity levels 2 and 3 give the same
results, maybe leaving it as "Complexity level 2/3" will prevent
to confuse the users

13

Usability

Inputs

Relative to1.4:

- Providing a preprocessorto the user for him toeasily
convert usual format of coordinates to ajson file could be
useful

- Providing coordinates (e.g. location of umbilical connection
point) is not easy without the coordinate system provided,
thus showing a Figure whenever coordinates are requested
would be great. Three boxes foreach coordinate would be
betterthanthe(x, y, z) format.

- Json format should be avoided as much as possible, replaced
when possible by manual entriesin boxes (e.g.: Array device
layout)

14

Usability

Design

Some tests take quite awhile to run. Wouldbe great tohave a
progress bar forthe calculation to estimate time to end.

15

Usability

Results

Visualisation of the network schematicis very nice, although
legend many times fits above the design. Maybe betterzoom
definitions would be good forlegend placing

16

User-Friendliness

Inputs

It would be helpful to have some explanation aboutinputs
(maybe one of those help buttons thatexpand a small help
window with furtherinfo). Notall inputs are clear.

17

User-Friendliness

Inputs

I have been thinking about the option of copying/duplicating
a study. This would come handy whentesting slightly
different studies. Maybe we can also expandthisideato other
modules.

18

User-Friendliness

Inputs

Relative to2.3: Inputting dataisreally longand thereisno
way to know if this has been taken into account

19

User-Friendliness

Inputs

Relative to2.4:would find useful to tell the user what
calculation is done/default value is used whenever an optional
input is not provided.

The “Onshore infrastructure flag” isnot clearat all.

20

User-Friendliness

Design

Relative to2.1[Theuserinterfaceis simple, easy to navigate
and well-organised]: Refusingto the userthe accessto the
“View results” section should be considered, asthere isno
indication of the statusfremaining time for the ongoing
calculations.
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DTCceant

1

~

ID Feature Subject Comments
When clicking on “Perform ED systemdesign and analysis”, |
had thisempty box
21 | User-Friendliness | Design
[NOTE: this was due to the code bug described in section 4522 ]
Relative to2.7: If only one network configurationis displayed,
| suggest sections regardingto the othertwo are deleted
Annual efficiency: % Annual efficiency: %
Annual efficiency: 91.55 %
Array real power output: k\W Array real power output: kW
Array real power output: [ 24.87,
73.85, 121.86, 168.96, 215.2, Array reactive power output: kVAr  Array reactive power output: kVAr
260.63, 305.27, 349.17, 392.37,
434.88 1 KW Total cost: € Total cost: €
Array reactive power output: [ 0, Cost of energy (electrical): €kWh  Cost of energy (electrical): €kWh
-0.72,-2.12,-4.17, -6.82, -10.05,
-13.83,-18.13, -22.93, -28.22 | KVAr
Total cost: 6717849.00 € Network schematic Network schematic
Cost of energy (electrical): 1.7634
€/kWh 9 4
22 | User-Friendliness | Results
Network schematic
2 2
Static cable
Q Onshore landing point 1 1
1800 + Devices
[ E— o
1600
o2 o4 e o o2 4
1400
1200
0 500 1000
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ID

23

Feature

Subject

User-Friendliness | Results

Comments

The current formforthe network hierarchy should be deleted
as informationis not cleartoany unexperienceduser

Network Hierarchy

* root: 11 properties
* category: 21 elements

¥  child: 21 elements

4 v 9 9 9 v v v v w9

11:

12:

13:

14:

15:

16:

17:

0: 5 elements
: 1 element
: 1 element
: 1 element

: 1 element

: 2 elements
: 2 elements
: 2 elements

1
2
3
4
5: 1 element
6
7
8
9: 2 elements
1

0: 2 elements

g

gn
“NA"
“NA"
“NA"
“NA"
“NA"
“NA"

"NA"

D,Trncean+

24

User-Friendliness | Results

The “"Marker” is referencingto something the useris not
made aware of in tables

25

User-Friendliness | Results

Same can be said about the generated cable characteristics,

an export to an Excel file would be better
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ID Feature Subject Comments
Forthe results: the units could be automatically updatedto
MW etc:
Configuration: radial
Annual energy yield: 142908493 61 kWh
Annual losses: 1631506.38 kWh
26 | User-Friendliness | Results N
Annual efficiency: 98.87 %
Array power output: [ 16313.75] kW
Total cost: 36607707 €
Cost of energy (electrical): 0.2562 £/kWh
Going straight totheresults the firsttime after performing
analysis, instead of having toclick “view results” would be
. . more userfriend|
27 | User-Friendliness | Results Y
-8 Performance and Design The application is notworking, so assessingthe accuracy of
accuracy the resultsis difficult
5 Performance and | Simplified The simplified VCs ran really smoothly and was very easy to
9 accuracy design mode use, see results etc.
o Performance and | Simplified Relative to3.a.2:it was hard to tell asinputsin json files were
3 accuracy design mode complicated todeal with foranewcomer
1 Performance and | Fulldesign Relative to3.b.1: 1 could notdo some kind of sensitivity
3 accuracy mode studies because analysistook awhile torun.
: Relative t03.b.3:1was expectingresults for Umbilicals to be
Performance and | Fulldesign _ 3-93 P g .
32 provided, as well as total length for static cables (as they are
accuracy mode :
shown in the tables below)
Wrong unitsin Array device layout input box? See below:
Create array inputs
Pﬂease_ input location of landing point as (x, y) coordinates. e.g. (0,0). Please ensure thai
33 Performance and | Fulldesign o aspaea i the et
accuracy mode Landing point (m,m)  (0,1250)
Please input location of every device in the following JSON data format: e.g. {"deviceid":
"easting" [1300,1150], "northing" [1250,1250])
Array device layout (m,m) deviceid™[1,2,3,4,5], "easting™:[1300,1300,1300,1300,1300)
| receivedmultiple errors whentrying to inputssite data,
plotting and creating the site inputs. The data disappeared
various times.
i + Slteinputs /
2% Performance and | Fulldesign ;
accuracy mode e
= Array inputs
= Cable configuration inpuls
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ID

Feature

Performance and
accuracy

Subject

Full design
mode

Comments

Afterrunning the analysis, some errors occurred. The analysis
was performing, then this appeared:

Results show up asempty, eventhough all the inputs have
been added:

Energy dellvery system desian results

[NOTE: this was due to the code bug described in section
4.5.2.2]

36

Performance and
accuracy

Results

Doesthe first design of case 2.2 beingidentified as the best
one surprise you? Doyou have any comments asto why the
first design makes more sense?

37

Value

Inputs

This could be improved by introducing a progress barand a
loading barforlarge input files. It seems that it will be the
case forthe site bathymetry files which are very slow to load.

38

Value

Inputs

Relative to4.4: Whenclicking on the “"Create” button, a
loading bar could be displayed tothe userasinputting datato
the database isreally long, and the user does notknow if he
can move tothe nextstep

39

Value

Design

Some tests take quite awhile to run. Wouldbe great tohave a
progress barforthe calculation to estimate time to end

40

Value

Results

Comparisons betweendifferent network schematics is very
useful.
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9.6 STATIONKEEPING (SK)

Scores
TABLE 9.26: USABILITY OFSK
ID Statement Response1 Response2 Response3 Response4 Responses Response 6
1.1 |The software isintuitive and easy
touse in general 5 5 5 4 5 3
1.2 |It is easy to create and delete a
Study 5 5 5 4 5 4
1.3 [Itiseasy to edit, save and export
5 5 5 5 5 4
a Study
1.4 |The process of inputting data is
- 4 4 5 3 5 4
clear and efficient
1.5 [Results are meaningful, easy to
. 3 4 4 4 5 5
interpret and use
1.6 [l could complete the process
without errors 4 5 3 4 5 5
1.7 |l am satisfied with the overall
. 3 5 5 5 5 5
speed of computation
1.8 |The software can be run from my
. . 4 5 3 5 5 5
computer without any issue
1.9 |The training sessions and
documentation are useful for|4 5 5 3 4 5
learning how to use the software
TABLE 9.27: USER-FRIENDLINESS OF SK
ID Statement ‘Response:l. Responsez‘Response3 Response 4 Response 5 Response 6
2.1 | The userinterface issimple, easy
. . 4 5 5 4 5 5
to navigate and well-organised
2.2 [The wuser interface looks
. 4 5 3 3 5 4
professional
2.3 |[It responds promptly to user
actions (inputs, selections, clicks, | 5 5 5 4 5 5
)
2.4 | It provides the user with enough
help, indications and/or guidance | 4 4 5 2 5 4
throughout each process
2.5 [The meaning of each data
. o 4 3 5 3 5 5
input/user selection is clear
2.6 | The meaning of each data output
. 3 4 5 4 5 5
isclear
2.7 | Visualisation of results is clear
. . 3 4 5 4 5 5
and informative
2.8 [The wuser can add further
information to the Study through| 4 5 5 3 g 4
the interface
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TABLE 9.28: PERFORMANCE AND ACCURACY OF SK

ID Statement Response1 Response2 Response3 Response 4 Responses Response 6

3.1 |Results are robust and not

sensitive to small changes of|s 4 4 4 5 2
inputs
3.2 |Results are credible and

trustworthy for the audience

3.3 |[The accuracy of results is
acceptable  considering  the
granularity/complexity of data
inputsused

3.4 |[The accuracy  of  results
corresponds  to  the user
expectation for the stage of
technology maturity

3.5 |The computational time s
adequate for the level of accuracy |3 4 5 5 5 5
provided

3.6 |The software did not suffer from
any sort of data shortage/lack of | 5 5 5 5 5 5
memory during the test

3.7 |The software can handle errors
without crashing

Fully aggregated results have been analysed without differentiating scores between VSs and
functionalities. In all cases the average value per statement has been considered.

TABLE 9.29: VALUE OFSK
ID Statement Response1 Response2 Response3 Response 4 Responses Response 6

The software allows the user full

4.1 4 4 4 3 5 4

control of the design process

It producesresultsthat allow easy

4.2 . 4 4 4 5 5 5
comparisons

It provides a large range of
4.3 |alternatives to createfassess |3 4 5 2 4 3
technologies

The user is informed about the

internal processing (e.g.

ol remaining time, log) and warned

about potential inconsistencies

The software  meets my
expectations in terms of results,
4.5 . . . .
graphical options, interaction,

and functionality

6 I would recommend the use of
4.

this software
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Comments

ID

Feature

Usability

TABLE 9.30: COMMENTS FOR SK

Subject

PDF export

Comments

| could not exportresults as PDF (there were issues, and the
PDF kept beingempty), though results were generated.

Usability

Documentation

The training session and material were really useful, and
even essential because someinputs were notclearly
definedin thetool itself. Nonetheless, it was particularly
adaptedto the VCstested, butwe may require further
support to adapt tocases and situations fromindustrial
partners. Thisis pointed out in the following sections.

User-Friendliness

Slight lags to go on next page withthe “"Next page” buttons

User-Friendliness

Documentation

Atheory orusermanual wouldbe great forthe early user
tounderstandwhat isin SK and how are therotor, the
foundation modelled in SK, and what should come from
othermodules, because | found quite hard to know what
should be includedin masses, how adevice, and arotorare
defined, what afoundationis, if a different name is used for
the structure below and above seabed, etc...Someterms
concerningturbine configuration like device orrotors could
be presentedin a help menu, for users who don‘t have time
toread D5.6.

User-Friendliness

GUltooltip

At this point (see below), we don’t know if we are going to
modify inputs from a previous study or create a new one,
this may not be clear enough (maybe some guidance like
“clicking here won't alter this study, if you run the model
with anew project name”)

User-Friendliness

Input
visualization

Even if thisis quite intuitive in general, addingguidance
about anumberofinputs (Figure with rotor configuration
currently defined, coordinate systems and origins for
geometry, weather climate and forces, hub position...)
could be useful

User-Friendliness

Documentation

Some more guidance onhow theseinputs are used (to help
the usergetwhy he hasto provide the information) would
be great, maybe witharedirectiontoasectionin D5.6 ora
user manual: forthe wind force model, the currentand
mean wave drift force model, the directions (why is current
always aligned with rotor axis?), how they are calculated
and on which part of the device, structure, rotor, etc...

User-Friendliness

New functionality
- backend

Rotordiameter: allowingfor multiple rotor diameter could
be great

User-Friendliness

Documentation

Weatherdirection: clarifying whatisincluded: waves,
current? Splittingthose twocould be great as the worst
combinationmay notbe when they are aligned.
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ID

10

Feature

User-Friendliness

Subject

Documentation

Comments

Masterstructure: what it is, and how it used could be
clarified

11

User-Friendliness

Documentation

How substation foundations inputs are defined, how they
are used, etc...couldbe explained. Clarifying what
modifying North/East position for substation would change
could be great

12

User-Friendliness

Documentation

Maybe removing the soil definition or shading it when
using gravity based structures couldbe helpful (and more
generally all sections that won't be used in calculations, to
help user know what is done by the SK tool)

13

User-Friendliness

Documentation/
GUI clarity

Explaining why shallow and gravity basedare the same
would help

14

User-Friendliness

GUIfunctionality

It could be good todisplay results somewhere else that ina
log file, which is kind of hard to read.

15

Performance and
Accuracy

New functionality
- backend

It is complex to imagine a solution with a1.3m thickness
and 13m diameter (manufacturing constraints..), maybe it
could be possible to have acompromise betweensetting all
the dimensions and having all the dimensions set by the SK
tool, which would be to give an acceptable range foreach
dimension in the automatic design mode

16

Performance and
Accuracy

Documentation

| observed to difference in inputs whatever the complexity
levellused (onlyin the master structure section), |don’t
know if this was a bug

17

Value

New functionality
- backend

This point has already beendiscussed in informal calls: the
choice isreally limitedto represent the geometry for
support structures thatare being used in the fixedtidal
industry. The majority of developers don‘t useahuge
cylindrical or pyramid-like structure as represented in the
SK tool, but a metal frame with ballasts, that it wouldbe
great torepresent.

18

Value

New functionality
- backend

It seems that rotoris always considered facing the current
(which is said in the presentationof VCs for SK, inthe
section definingweather direction). Some tidal developers
use no yaw systems, so are permanently with non-zero
anglesifflood and ebb aren’taligned. It would be great to
take thisinto account.

19

Value

New functionality
- backend

| find it surprising not toadd orbital velocity for the
calculation of thrust onthe rotor, as it may be animportant
contribution tolimitloads

20

Value

New functionality
- backend

Leading an FLS analysis on fixed substructures for tidal
turbine would be useful. Reference standard exists
(1ISO19902, section16 forexample), though it may be harsh
toimplementthe designcriteria.

21

Value

Bugin GUI

It would be great toallow the userto specify another
material than concrete

22

Value

Input
visualization

It could be great to give some more visualization output for
the userto ensure he provided what he expected, maybe
with a Figure with the device(s), environment, sealevel and
seabed, coordinate systems, forces, etc...

23

Usability

Documentation

Type of foundationscore calculated how/why would | trust
this? Transparency is critical to decision making.
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ID Feature Subject Comments
Could correct calculation manual sectionand glossary of
24 | Usability GUl clarity terms (e.g. type of foundation'shallow’) be included as a
direct link from SK software GUI?
25 | User-Friendliness Pocume ntation | Includingdirect Iinks_to_a_glossary or ap_p_ropriate page of
in GUI usermanual. E.g. definitionof Hub position x, y, z?
56 | User-Friendliness New functionality | Foundation - Soil type —is there a bedrock option?
- backend Important fortidal gravity foundations.
5 Performance and | Documentation | Definitionsand methodology should also be easy to access
7 Accuracy in GUI directly from GUI?
Outputas perFoundationinputsin Section 2above —
Performance and . deduce thisis cylindrical concrete (weight in air which
28 Bugin GUI . .
Accuracy would be important tomentionfor all masses) from other
results pages—can material be changed somewhere?
Onlythrewin afew deliberate errors, not acomprehensive
Performance and , o . ) .
29 Accuracy Input datacheck | test!Canendupwith mtgrestmgresultse.g.|fslope|sset
togo degrees—garbage in, garbage out
Likely agood basic screening but requires more
Documentation | transparency in spggestions and calculations. As per
30 | Value inGUI previous suggestions e.g.: Case RM1-SK-1 type of
foundation score calculatedhow? Transparency is critical
totrust in use and decision making.
. : GUI Only small point could be to improve the visual interface,
31 | User-Friendliness | . . N o .
improvements to make it more “attractive” and professional.
32 | Usability Datainput check Error'w'hen deﬁn.ing currentvelocity outside thrust curve
coefficient velocity range
33 | Usability Datainput check | Warningwheninputdataismissing
Inthe Floatingstructure hydrodynamicintoDevice
34 | Value New functionality | Properties, it should be interestingto have the possibility
- backend to load the meandrift wave forces fromthe potential flow
hydrodynamic solver calculation.
Documentation It is not clearin the automatic designhow the mooring
35 | Value in GUI system start point(in design assessment) is calculated.
36 | Value New functionality | It would be interestingto report the mooring’s weightsin
- frontend the Design Assessment output
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9.7 LOGISTICS AND MARINE OPERATIONS (LMO)

Scores
TABLE 9.31: USABILITY OFLMO
ID Statement Response1 Response2 Response3 Response4 Responses Response 6
1.1 |The software isintuitive and easy
to use in general 4 4 4 3 4 4
1.2 |It is easy to create and delete a
Study 5 4 5 5 5 5
1.3 [Itiseasy to edit, save and export
4 4 3 4 5 5
a Study
1.4 |The process of inputting data is
- 3 4 4 3 5 5
clear and efficient
1.5 [Results are meaningful, easy to
. 3 3 4 4 5 4
interpret and use
1.6 [l could complete the process
without errors 2 3 4 2 4 2
1.7 |l am satisfied with the overall
. 4 2 4 3 5 5
speed of computation
1.8 |The software can be run from my
. . 4 2 5 3 4 3
computer without any issue
1.9 |The training sessions and
documentation are useful for|4 4 5 5 5 4
learning how to use the software
TABLE 9.32: USER-FRIENDLINESS OFLMO
ID Statement ‘Response:l. Responsez‘Response3 Response 4 Response 5 Response 6
2.1 | The userinterface issimple, easy
i . 4 4 4 4 4 5
to navigate and well-organised
2.2 [The wuser interface looks
. 4 3 4 2 3 4
professional
2.3 |[It responds promptly to user
actions (inputs, selections, clicks, | 3 3 3 2 5 5
)
2.4 | It provides the user with enough
help, indications and/or guidance |3 3 4 2 4 3
throughout each process
2.5 [The meaning of each data
. " 3 4 4 3 5 4
input/user selection is clear
2.6 | The meaning of each data output
. 4 4 4 5 5 5
isclear
2.7 | Visualisation of results is clear
. . 4 3 4 3 5 4
and informative
2.8 [The wuser can add further
information to the Study through|3 3 5 3 4 4
the interface
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TABLE 9.33: PERFORMANCE AND ACCURACY OF LMO

Statement Response1 Response2 Response3 Response 4 Responses Response 6

3.1 |Results are robust and not
sensitive to small changes of|3 4 3 3 4 -
inputs

3.2 |Results are credible and

trustworthy for the audience

3.3 |[The accuracy of results is
acceptable  considering  the
granularity/complexity of data
inputsused

3.4 |[The accuracy  of  results
corresponds  to  the user

expectation for the stage of 3 4 3 4 > )
technology maturity

3.5 |The computational time s
adequate for the level of accuracy | 4 3 4 3 4 2
provided

3.6 |The software did not suffer from
any sort of data shortage/lack of | 4 1 5 3 4 -
memory during the test

3.7 |The software can handle errors

2 1 4 3 5 2

without crashing

Fully aggregated results have been analysed without differentiating scores between VSs and
functionalities. In all cases the average value per statement has been considered.

TABLE 9.34: VALUEOF LMO
ID Statement Response1 Response2 Response3 Response 4 Responses Response 6

The software allows the user full

4.1 3 4 5 3 5 4

control of the design process

It producesresultsthat allow easy

4.2 . 3 4 2 4 5 4
comparisons

It provides a large range of
4.3 |alternatives to create/assess |3 4 5 2 5 4
technologies

The user is informed about the
internal processing (e.g.
4.4 . .
remaining time, log) and warned

about potential inconsistencies

The software  meets my
expectations in terms of results,
4.5 . . . .
graphical options, interaction,

and functionality

6 I would recommend the use of
4.

this software

DTOceanPlus Deliverable, Grant Agreement No 785921 Page321|331




Ds5.8

DTOcean+

Testing and verification results of the Deployment Design tools — beta
version

Comments
TABLE 9.35: COMMENTSFORLMO
ID Feature Subject Comments
It seems that the studies of different complexity levels must
1 | Usability General be created separately. It is not allowed to modify the
complexity of an existingprojectand go on withthe analysis.
It seemsthat the “"Delete” button in Site inputs does not
work. Amessage "LMO study withthatID does not havea
2 | Usability General site yet.” pops up, when this buttonis clicked. In addition, if
the "Update” button is pressed, the pop-upmessageis empty
and cannot directthe user back to theinterface “Project”.
For Complexity 3, thereis an error, when performing the
3 | Usability Installation installation analyses. The error occurredfor all Complexity
cases.
For Complexity 3, thereisan error, when performing the
4 | Usability Maintenance | installation analyses. The error message is "Name of study is
incorrect. Please modify the nameto VSX_VCY”.
There are several repeatedlines associated with "underwater
. . inspection” and “export cable inspection”. It is suggested to
5 | Usability Maintenance adga fewnotes briepﬂyexplainingpwhat these rep%gted
inspections refertorespectively?
It is noted that the time of decommissionfor some
D . componentsis hard to understand. Forexample, the start-up
0 ecommission L S
6 | Usability ing operation time is June-2021, however, the decommissioning
time isJune-2020. Thismay be causedby someerrorsinthe
previous steps.
7 | Usability - Unit of measurementis missingin the output values.
g | Usability ) There are many problems withthe VS2-VCa. So we were only
able to evaluateVS2-V(Cy.
o | User-Friendliness | - The system did notrespond promptly, theinputtime was
sometimesvery long.
10 Performance and | Study The data was not always visible to the user.
Accuracy Management
Performance and | Study Afterthe insertion sequence, the systemdoes notreadthe
11 | Accurac Management inputs (no delete). I try to insert them againbutthe system
Yy g
reportsthat they have already been entered.
Outputs: . . : o .
1 Performance and Installation About the burial operatlonforcable installation: is the burial
Accuracy ) length 180omlongasthe entire cable path?
solution
Alogging while running the module would be useful to
13 | Value - monitorthe calculation steps, which isthe bottlenecks and
what are the warnings and errors that might occur.
More guidance on the GUItohelpthe userunderstand what
. Usabilit ) the terminology means would be helpful. It was very
4 y straightforward with the training video, so some of that could
be merged into the GUI.
15 | Usability ) It's nofceasyto'eldita st'udy—anytimeyou click edit’it resets
everyinput soit's startingfrom scratch.
In general, results are meaningful, easy to interpretand use —
16 | Usability i there couldbe some improvements like adding unitstoall

parameters and making sure all headings on theresults table
and Gantt chart can be seen.
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ID Feature Subject Comments
Afew errors/ bugs were presente.g. Having torefreshthe
Installation results page. Also, the installation calculations for
VC1 02 were notableto run successfully. See error message
below.
17 | Usability -
Forcomplexity level 1 everythingrunsin the order of seconds
and isextremely efficiency.
Forcomplexity level 3 the timings for verification cases are:
- *VC1 o1:Installation: 42mins; Maintenance: 12 - 23 mins
18 | Usability - : -
*VVC102:Installation: could notfinish, led to bug above;
Maintenance: 1thr 42mins
In general, the timingis OK but the user could be made aware
of rough estimates or time remaining in the GUI.
19 | User-Friendliness | - Navigation pane(onth.elef't)_is missingtop-levelheadings;
need to update routerfindex.jsfile.
20 | User-Friendliness | - Gantt charts could be made to look more professional.
Onthe final results page, afterthe calculations have been
21 | User-Friendliness | - performedthe “view results” buttonis temperamental and
sometimes needsto be clicked 3-4 times.
Some explanation of what the terminology means onthe GUI
22 | User-Friendliness | - would be useful e.g. explanation of what complexity levels
mean.
Some buttons should be relabelled toreflect their meaning
23 | User-Friendliness | - better. Forexample, in Projects > Enter Study Details >
‘Validate' shouldbe changed to ‘Update’.
Some more descriptions of what parameters mean onthe GUI
24 | User-Friendliness | - would be useful (informationbuttons have since been added
which are very helpful).
25 Performanceand | Export resultsto json”isn't working—assume this will be
Accuracy fixed forthe Betaversion.
26 Performance and | Othermodule | When saving the uploaded moduleinputs, the button
Accuracy inputs “Create” shouldbe changed to “Save”.
Performance and | Othermodule Perhapsthg“Create” (<-)r“sa.ve”as menfcioned above) b.utton.
27 . should be disabled until all five module inputs are provided —if
Accuracy inputs ,
that's the case.
28 Performance and chermodule The process of inputting data is easy and intuitive.
Accuracy inputs
Asa result of being in Standalone mode —you have to delete
29 Performance and | LMO studies the filesthen reuploadand can‘t make edits to thefiles. Being
Accuracy page able to edit other module inputs would be beneficial butnot
essential.
Performance and | LMO studies We're not sure why site inputs are separatetotherestof the
30 Accuracy page modules.
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ID Feature Subject Comments
The “Save and Lock” functionality, plus the warning that
results downstream will be lost, is excellent. However, once
. the results have beenrun, you can'tgo back and check what
Performance and | LMO studies Tun, Y 9 .
31 | Accurac age you ran (the only option isto delete and startagain). We
Y pag wanted to checkif we had selectedmedian forthe weather
windows and vessel selectionbut couldn’t. A solution could be
reprinting the inputs on the results page.
Performance and . Great that theinputs are less/simpler for lower levels of
32 General inputs .
Accuracy complexity.
Performance and . .
33 Generalinputs | “Create” shouldbe changed to “Save inputs”.
Accuracy
If you opentheinputs after previously submitting them, it
Phase . . .
. doesn’t load the previously submitted numbers e.g. When the
Performance and | Requirements . N :
34 . boxes are clicked e.g. "Only select ports with MRE
Accuracy & Operations . p . .
experience” and you navigate temporarily away from that
methods
page, when you return the boxes appeartobe unchecked.
Performance and Outputs:
35 Installation Results are greatand the Ganttchart isa nicefeature.
Accuracy .
solution
Outputs:
Performance and . . -
36 Installation Units missing for almost all the results.
Accuracy .
solution
Outputs: . .
Performance and : The last 3 columnsinthe table are unclear—referring to the
37 Installation .
Accuracy . catalogue butnotdecipherableforthe user.
solution
Outputs:
Performance and puts . .
38 Installation Formattingnumbers with commas would be useful.
Accuracy .
solution
Performance and Outputs.: Onthe Gantt chart —thelast columnheadingis hidden
39 | Accurac Installation (Duration (days))
Y solution y>)-
Outputs: e .
Performance and . The dark blue for waiting timesis hard to see —suggest more
40 Installation _ .
Accuracy . contrasting colours likered and blue.
solution
Outputs: T , . .
Performance and - Decommissioning wasn’tavailable whenwe ran this
41 Decommission P
Accuracy . : verification.
ing solution
42 | Value - There isno comparison feature.
43 | Value i As mentioned previously, no indication of run time for longer
calculationsis currently in place.
44 | Generalremarks | - We were impressed withthe LMO functionality
Maybe stating more clearly if ticking the boxes means ‘true’
or‘false’ (though it seems quite obvious), maybe displaying
45 | Usability i Repairing device at work will be considered
Consider device repair at port @&
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ID

46

Feature

Usability

Subject

Comments

Once datafrom other modules are provided, | suggestto
allowthe userto update datafrom the main page (asthe only
action allowed isto delete):

0)

Project

Project inputs: Update

Other modules inputs:

47

Usability

The maintenance results were not available.

48

User-Friendliness

With the VCa_og, clickingon the Create buttonbelow leads to
the main page, whichis really confusing:

Input to calculate vessel fuel consumption

Asthe statement “Inputto calculate vessel fuel consumption”
isat the bottomof the page, we are expectingotherinputsto
be provided relatedto fuel consumption. What l understand is
that the previously provided data (installation start date to
project life) will be usedto calculate vessel fuel consumption,
and clicking on the Create button saves these inputs, but if
thisisthe case, | suggestit to be moved ("Inputto calculate
vessel fuel consumption”at the top of the page forexample).
Ormaybe thisis only useful forlevels 2 and 3, thus this text
should be removedwhen complexity level 1is used.

Ina general manner, using the word “Create” isreally
confusing, maybe “validate” or “save inputs” would be better.

49

User-Friendliness

There isno possibility toupdate data for this section, and the
SC module inputs:

Other modules inputs:

| suggest toadd a“Go Back” button if | want to come back to
the main page, and I don't want to provide a SC inputfile

=

Name of study SABELLA_VS1_VC1
Description: Tidal complexity 3

Site inputs

ntroduce input file ( json) as produced by Site Characterization madule
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ID

5o

Feature

User-Friendliness

Subject

Comments

There isthisissue whennotusingfullscreen mode:

Device towing draft (m) @ con:

The left hand panel was not working (nothing displaying after
| clicked onthe dropdown cursor), and while doing a study,

there was no study displaying in the Existingstudies section.
Existing Studies

51

User-Friendliness

It took a while after| provided all the inputfiles fromthe
othersmodules, and clicked on “Create” to have confirmation
that somethinghappened, at least that clickingworked (1
actually neverwaitedlong enough to have a message, | left
and created another study with the same name, and | could
access the main page with inputs from module apparently
keptin memory)

The same issue occurs when clickingon the "Delete” button
for"Othermodulesinputs”, and whenadding SC data (I was
normally redirectedto the main page as expected aftera

minute):
Name of study: SABELLA_VS1_VC1
Description: Tidal complexity 3
Site inputs

Introduce input file (.json) as produced by Site Characterization module.

6_SC_inputs1_json

When clicking too fast on the Save and lock button after
clicking onthe “Installation"button, the “"Generate” button
neverdisplaysinthe nextpage:

Project lifecycle phases to consider:

Save Project tab

®

Operations

Phase requirements: View

Operation metheds: View

52

User-Friendliness

In complexity level 1, it is easy to forget to look at the
statistics panel in project inputs. Maybe havinga tracker of
what panel has been seenby the userand displayinga
message for what he did and what he may have missed could
be useful.

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 326 | 331



D5.8 DTOcean+

Testing and verification results of the Deployment Design tools — beta YA
version

ID Feature Subject Comments

Explaining why the inputs are shaded in the statistics panel
for complexity 1 couldbe interesting.

The json format is really hard to use foranewcomer. Thus, in
case the useruses LMO in standalone mode, it isimpossible
to assessif datais correctly provided, withthe proper format,
ifanythingislacking, etc...

Using ahelp panelto tellthe user what calculations will be
done would be great.

It should be explainedto the user why the followingvalues
cannot be changed.

Project inputs

53 | User-Friendliness | -

54 | User-Friendliness | -

55 | User-Friendliness | -

Operations. Statistics

56 User-Friendliness | - Weather windows statistics @

Vessels statistics @

Thiswindow isagood idea, but except the name of thefile,
we have no clue tosayifall the inputs we wanttoprovide
have been provided. Maybe displayingthe status (data
provided, or not provided in the jsonfile) forthe various forms
ofinputsforeach module, any timeajson file is provided,
would be helpful to judge. Actually, I did not know that
clicking on “create” once was affectingall the tabs from *"MC
module”to “SK module”, soindeed, | was only providingdata
from MC module.

57 | User-Friendliness | -

Create inputs?

Have you Introduced all the desired moduie inputs.

Providing an input file with the wrong format seems possible
(maybe an error message displays later?):

MC module EC module ET module ED module SK module

Introduce input file ( json) as produced by Station Keeping module.
58 | User-Friendliness | -

B &_SC_inputs1 json
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User-Friendliness

Forthe cablesload-out method, "None” is notan option,
maybe it corresponds to the default lift-away method?

60

User-Friendliness

| cannot understand why we should enter a value if this could
be includedin thejson file for ED here:

Specify how the cables are to be burried on the seabed

(this information comes from the Energy Delivery module).

Burial method @

61

User-Friendliness

OCT/HDD methods could be further described tothe user.

62

User-Friendliness

Maybe pointing to the relevant section instead of this general
error message, which offers no support:

Error trying to calculate results!

63

User-Friendliness

Inthe projectinputs, Operationstab, | suggestyou precise
maximum significant wave height, and what it refers to (is this
the maximum height fortowing, forinstallation?).

64

User-Friendliness

| suggest toadd some precisionon the exact meaningofthe
Safety factor forvessel selection (itseemsto be applicable to
the vessel deck area, but what are all the parameters that will
be affectedby thisfactor? Areference can be madeto
documentation).

65

User-Friendliness

I suggest toadd precision onthe “past experience in MRE”
flag, and how this will be used in proposing infrastructures
(maybe sorting by relevant experience forthe required
operations/type of technology?). This may just add weight in
favourofaport terminal, instead of a strict selection criterion,
as Ithinkitis hard to find areal value added by a previous
experience.

66

User-Friendliness

The meaning of “vessel statistics” is really unclear (and | could
not find elements onthe documentation Ds.7 aboutit). Even
if the weatherwindow associated probability is more easy to
understand (Figure 2.9 from D5.7), some more precision
should be added.

67

User-Friendliness

Maybe folding useless months could helpthe userin
visualizing the planning:

68

User-Friendliness

Maybe splitting in various dropdown menus to avoid asingle
really long list/table of outputs:
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69

Value

Some of the following comments may represent major
changes, but it canbe areal limitto the feasibility of
operations proposed by the DTOceanPlus software (e.g. if the
vessel proposedistoo small)

- Coworkersinvolved in marine operations highlighted the
high variability of the various tasks tobe led on- and offshore,
and theirsequence, which are really technology dependant.
They suggested to allow the user to specify its own sequence
for marine tasks, with duration and impact on the number of
vessels, where the vessels should be located, what can be
done simultaneously etc... to account for this high variability;
- Only using the device and foundations dimensions could be
furtherimproved including tidal range at the port terminal,
the quayside height, the height of the device increased with
the potential auxiliary manutention systems (e.g. LARS
shown later), and the height below the cranes (onboard oron
the quayside), asthese crucial parameters should be
combinedto have areal candidate forthe infrastructure pre-
selection. The selection should be tested forthe whole tidal
range, along with all the heights mentioned previously, as
missing one item couldlead toan unfeasible combination
(e.g.fora vessel we used, only high tide allowed manutention
to occur, with less thata 2m vertical margin);

- Vessels may need tooperatein high currents, and stop some
operations whencurrents are above limitations, evenwith DP
vessels fortidal scenarios. We don’t know if this criterion is
already taken into account (itseemsitisthe casein the OLC),
as well as usual speed limits for ROV and divers activity;

- In case sediments are an issue and cameras cannot be used
to support operations due to the reduced visibility (e.g. Bay of
Fundy), acousticsystems canbe deployed(in addition
to/instead of diversand ROVs);

- We don'tuse buriedcables, cables are justlaid on the
ground with cast iron ballasts orrock bags alongit. This
option could beimplemented (to account for the space and
duration of manually setting ballasts along the cable);

- We use aLaunch And Recovery System (LARS)to install its
devices. The spaceforthestorage of the LARS on the deck
and on the quayside shouldbe accountedfor (i.e. not only
accountingforthe device dimensions, withits subsystems), as
well as some extra space for systems handling/maintenance
(which could be expressed as a multiplyingfactor of the
various drafts, maybe 5to 10 x device drafts?).

- When planning operations on the removable part of the
device, we leave the supportstructure underwater. Thus, the
dimension of this structure with the device should be
provided to the software at some point.

At least three sets of dimensions are thus needed: turbine on
its support structure, forthe first time itisimmerged and
decommissioned, turbine on the white structure for
maintenance operation, and dimensions for all the other
auxiliary system (LARS forexample, cables, etc...). These sets
of dimensions could be asked tothe userforeach phase (and
eventually distinquished depending on whatisto be
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maintained during O&M operations), makingit more adapted
touserneeds.

- We would appreciate to distinguish maintenance operation
which requires only visual inspectionto those requiringto
remove the device (maybe itis already included), and to
display thisin the outputs.

70

Value

Anytime ajson file is provided, the duration of uploading it to
the database islarge, and the remaining time to complete
upload could be shown tothe user.

71

Value

We would find interesting to have the detail of how downtime
is split between weather window-related downtime, repair
operation, etc...

72

Value

We would appreciate tosee foreach maintenance operation
ifitis preventive, corrective, the durations, etc... and instead
of a single number forvessel costs, we wouldlike tobe able to
see the fuel costand the vessel rental costs. | couldnotaccess
the results, so maybeit is already implemented.

73

Value

Maybe it could be possibletoadd in outputsarisk indicator,
related to how close we are to operational limits of the
vessels, foraparticular operation?

74

Usability

The computation time was long for VS1_VCa.

75

Usability

Globally, the softwareisintuitive, and the training sessions
were useful to understand how touse the software.

76

User-Friendliness

The main point tobe improved tomy mind is the interface:
the software isreally good, but the interface doesn’treally
look professional.

77

Usability

With levelof complexity 3 have notbeen ableto obtain
results.

78

Usability

With complexity level 1 the speedis good.
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