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EXECUTIVE SUMMARY

The objective of Task 6.7 was to carry out the testing of the Assessment Designtools inorder to verify
that it meets all the previously defined requirements (detailed in WP6). This report documents the
outcome of T6.7 "Verification of the Assessment Designtools.”

The goal of the verificationtask was to ensure that the tools:

» respond correctly to avariedset ofinputs,

» perform their functions in an acceptable time and reasonable use of computational resource,
» areadequateinterms ofusability, and,

» areverified against control data.

The following actions were completed for alltools 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 technical and industrial partners).
Analysis ofthe results based on quantitative and qualitative assessments.

v v vV v v Vv

Creation ofa task list of changes that could improve the toolto improve performance.

A stable beta version of the tools in now available that is fully documented with a technical manual
and auser manual. The tools will be further validated and demonstrated usingreal data fromthe first
pilot experiences in WP7.

According to the quantitative results the end-users involved in evaluating the Assessment Design
tools are very satisfied with the usability and performance ofallmodules describedin this report. The
categories user-friendliness and value obtained a slightly less positive feedback (though not for all
modules) but in general they satisfied the end-users’ requirements. The qualitative assessment
feedback gathered some improvements that were compiled and categorised. As a result of this, a
certainnumber of high-priority improvements (15 for System Performance and Energy Yield (SPEY),
25 for System Lifetime Costs (SLC), 9 for Reliability, Availability, Maintainability, and Survivability
(RAMS), and 26 for Environmental and Social Acceptance (ESA) were selected to be implemented in
the final release of the DTOceanPlus suite of designtools.
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ABBREVIATIONS AND ACRONYMS

AD Assessment Design

AEP Annual Energy Production

ACCW  Average Climate Capture Width
BL Business Logic

BOM  Bill of Materials

CCE Characteristic Capital Expenditure
CED Cumulative Energy Demand

DD Deployment Design

DO Design Objective

EA EvaluationArea

ED Energy Delivery

EPP Energy Payback Period

ESA Environmentaland Social Acceptance
ET Energy Transformation

FLS Fatigue Limit State
FMEA Failure Mode and Effects Analysis

FT Fault Tree
GWP  GlobalWarmingPotential
KPI Key Performance Indicator

LCA Life Cycle Assessment

LCOE Levelised CostofEnergy

LMO Logistics and Marine Operations

MC Machine Characterisation

MTTF  MeanTimeto Failure

MTTR MeanTimeto Repair

O&M  Operationand Maintenance

PoF Probability of Failure

PTO Power Take Off

RAMS Reliability Availability Maintainability Survivability

RM Reference Model

RMP Reference Model Project
SG Stage Gate

SI Structured Innovation
SK Station Keeping

SLC System Lifetime Costs
TTF Timeto Failure

TTR Timeto Repair

ULS Ultimate Limit State

us User Stories
VC Verification Case
VS Verification Scenario

WEC Wave Energy Converter
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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 Each of the possible trajectoriesto cover all the business logic of the tool
(e.g., new concept/improvement cycle, ...).

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

User stories Short, simple descriptions ofa 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 ofa relevant 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 section below.
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1. INTRODUCTION
1.1 SCOPE AND OUTLINE

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

respond correctly to a varied set ofinputs,

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

» areadequateinterms ofusability, 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 being carried out
accurately.

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

To perform the verification of the AD tools, two Verification Scenarios were created by using Reference
Models (RM)1and 3from Sandia [1]. For some modules (RAMS and ESA) these scenarios were strictly
followed. For SPEY it was considered a tidal array of 10 devices using Sandia’s RM1(VS1) and a wave
array of 10 devices using Sandia’s RM3(VS2). In the case of SLC, RM1 and RM3 were also used to set
up VS1and VS2, but some parameters were adapted to match with the functionalities of the module
(cost breakdowns for example).

After receivingdemonstrations and interactive trainingon how to use the tools, the technical verifiers
as well as the industrial verifiers were given access to an online version ofthe beta versionofthe AD
tools. They were then asked to runthrough each ofthe 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 allthe AD modules. This report describes:

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

» the demonstrationand trainingsessions that were provided to 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.

TABLE 1.1: ASSESSMENT DESIGN TOOLS DEVELOPERS, TECHNICAL AND INDUSTRIAL VERIFIERS

Module Developer Technical verifier | Industrial verifiers

SPEY Tecnalia WES Sabella, EDP, FEM, EGP, BV

RAMS AAU FEM OMP, Sabella, Idom, WavEC, EGP, EDP
SLC WavEC UEDIN OMP, Sabella, ESC, Tecnalia, EGP
ESA FEM ESC OMP, Sabella, WES, EGP
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The remainder of this section provides short summaries of the DTOceanPlus project and of the
Assessment Design tools. For further information and background on the project, the reader is
directed towards previous deliverables, e.qg. [1], [2], [3].

Section 2 outlines the methodology adopted for the verification activities, to later review the
Verification Cases. Then, attention has been paid to the data used to run the VCs. The training
sessions organised both for the technical and the industrial partners are alsoillustratedin this 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 ofthe AD tools are explained, and the complete set of VCsisillustrated.

Section 4 illustrates the assessments resulting from the verification process, divided between
quantitative and qualitative. Alist of actions to improve the AD 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 an overviewofthe user manual thatis being developed alongside the tools.

Annexll. contains the software evaluationforms usedfor the verification tasks.

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

The Assessment Designtools belongto the suite of tools that DTOceanPlus project is developing for
oceanenergy technologies. The toolswill support the entire technologyinnovation and advancement

process from concept, through development, to deployment, and will be applicable at a range of
levels: sub-system, device, and array.

Ata high level, theseinclude:

» Structured Innovation (Sl)tool, for concept creation, selection, and design.
> Stage Gate (SG) tool, usingmetrics to measure, assessand guide technology development.
» DeploymentDesign (DD)tools, supportingoptimal device and array deployment:

Site Characterisation (SC): to characterise the site, including metocean, geotechnical and
environmental conditions.

= Machine Characterisation (MC): to characterise the prime mover.

= Energy Capture (EC): to characterise the device atanarray level.

= Energy Transformation (ET): to design PTO and controlsolutions.

= Energy Delivery (ED): to designelectricaland grid connectionsolutions.

= Station Keeping (SK): to design moorings and foundations solutions.

Logistics and Marine Operations (LMO): to design logistical solutions and operations plans
related to the installation, operation, maintenance, and decommissioning operations.

» AssessmentDesign (AD)tools, used by the othertoolsto 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.
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FIGURE 1.2: DTOCEANPLUS MODULES, MAIN LINKAGES, AND OUTPUTS
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1.3 ASSESSMENT DESIGN TOOLS

Structured in four modules, the Assessment Design tools will provide objective information to the
developer or investor on the suitability of a technology and project and will also support the other
DTOceanPlus tools [1].

The tools mentioned above are the following:

» System Performanceand Energy Yield (SPEY): used inthe evaluation of main Key Performance
Indicators. This module allows the comparison between different technologies, or same
technologies but located in different sites. The main features of this module are computing the
performances matrix, estimating the energy production (at an array and device level), and
assessment of the power quality (bothofactive and reactive power deliveredto the grid).

» System Reliability, Availability, Maintainability, and Survivability (RAMS): used to compute
the RAMS of components and systems of the farms. Outputs ofthis module include: MTTF (Mean
Time to Failure) and annual probabilities of failures, computing the availability of each device,
estimate of the probability that failed components may be repaired within a given time window,
estimate of the probabilities that the critical structural/mechanical components can survive the
ultimate and fatigue loads during the design lifetime.

» System Lifetime Costs (SLC): which estimates costs for the ocean energy project, together with
its economic and financial viability. The main features of this module are: Bill of Materials (BOM)
compilation, computation of economic and financial metrics to evaluate economics, b ankability
and financial attractiveness of a given ocean energy project, benchmarking of economic and
financial attractiveness against reference values.

» Environmental and Social Acceptance (ESA): which, for each lifecycle operation of a given
marine renewable energy project, estimates the potential environmental and social impacts of the
project, providing also recommendations to reduce the potential environmental impact and to
increase social acceptance. This module can identify potential endangered species and estimate
the carbonfootprint ofthe project.

All the tools have been divided into different levels of complexity (low, mid, and high complexity),
with corresponding level of detail inputs and outputs.
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2. METHODOLOGY
2.1 OVERVIEW

The principal aim of the verificationtask was for the technical and industrial verifiers to evaluate the
functionalities of the ADtools. Inorder to achieve this, the following actions were completed:

» Definition of the VCs and VSs: this has been achieved by analysing the key features of the AD
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 (I/O) control data and project data (from
catalogues and default data) have been defined and collected (see Section 3).

» Organisation of trainingsession: training sessions on the use oftools have been providedto both
the technical verifiers and the industrial partners (see Section 2).

» Definition of Evaluation Criteria: a common Software Evaluation Formwas developed and used
in the verification of every DTOceanPlus module. The Software Evaluation Form is divided into
sections assessingthe 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 VCs in turn,
testing the appropriate features of the software and completingthe 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 in Section 4.

2.2 DATA DEFINITION

Verification Case scenarios have been adapted in accordance with available data produced by the
Reference Model Project (RMP) sponsored bythe U.S Department of Energy Wind and Water Power
Technologies Program. The goal of this project is producing non-proprietary Reference Models (RM)
oftechnology designs as study objects for open-source research and development programs [3].

RMs used as part of DTOceanPlus’ verification activities are RM1 and RM3: for 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/DATABETWEENTHETOOLS

2.2.1 RM1 TIDAL TURBINE

The RM1deviceis a dual variable-speed variable-pitch axial-flow tidal turbine device. The rated power
forthe dualrotorunitis 1.1 MW. The maindimensions of the RM1 device areiillustrated 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 [4]. The study case inthe 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.

* Available from: https://aithub.com/DTOcean/dtocean.qithub.io/releases/tag/v2.0.0
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FIGURE 2.3: CABLEAND TURBINELAYOUT FOR THE VALIDATION SCENARIO 1

Thetidal energy resource for RM1was developed from site information on the Tacoma Narrows tidal
sitein Puget Sound. For sake of convenience, a tidal locationin Europe with similar site characteristics
was considered. The black line in Figure 2.4 denotes the reference current speed frequency histogram
selected for the reference model (mean of all sites), with U,,s=3 m/s.
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FIGURE 2.4: NON-DIMENSIONAL MID-DEPTH CURRENT SPEED FREQUENCY HISTOGRAMS FOR
PUGETSOUND [6]
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2.2.2 RM3WAVE ENERGY CONVERTER

Wave Energy Converters (WECs) are based on Sandia’s Reference Model 3(RM3). The RM3device s
a heaving point absorber, also referred 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 design and dimensions
ofthe RM3 device areillustrated in Figure 2.5.
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FIGURE 2.5: RM3 DEVICE DESIGN AND DIMENSIONS

The mainsource of data for this validation scenario is based onthe example that can be downloaded

from DTOceansoftware, v2.02. The resulting cable and turbine layout are representedin Figure 2.6.
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2 Available from https://github.com/DTOcean/dtocean.qgithub.io/releases/tag/v2.0.0
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The reference wave energy resource for RM3 was developed from site informatio n collected near
Eureka, in Humboldt County, California. Again, forthe sake of convenience, a wave locationin 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 [6]

2.3 DEMONSTRATION AND TRAINING SESSIONS

2.3.1 TRAINING SESSIONS FORTHE TECHNICAL PARTNERS

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

A set of dedicated deliverables [7]1[8] [9] [10] describing all the potential uses of SPEY, RAMS, SLC
and ESAis also available for consultation. These documents present: use cases and functionalities for
each module, their implementation, the business logic of the code, and a set of extensive examples
to provide the reader with an overall 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 Assessment
Design tools documentation and a list with the VCs.
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2.4 EVALUATION CRITERIA

Potential users and other stakeholders have been consulted to identify and clarify their needs and
requirements onthe Assessment Designtools.

The outcome of the previous user groups analysis [2] 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 setout for the
Assessment Design tools [1] delineated the Evaluation Criteria used throughout the Verification
activities. These criteria include a numeric (see Table 2.1) and qualitative assessment for each one of
the tools’ functionalities. Regarding the numeric assessment, a scale ranging from 1to 5 has been
used, where 1represents the most negative assessment and 5 the most positive one.

TABLE2.1: SCORINGSCALE USED IN THE NUMERIC ASSESSMENT
Score 1 2 3 4 5
Description Strongly Disagree Undecided Agree Strongly
disagree agree

A common Software Evaluation Form was developed and used in the verification of every
DTOceanPlus module. The Software Evaluation Formwas divided into four sectionsassessingthe:

> usability,

» user-friendliness,

» performance and accuracy and
» perceived value ofthetools.

The individual Evaluation Criteria that were included in the Software Evaluation Form are shown in
the results of the evaluationin Section 4, categorised underthese four headings. When each technical
orindustrial verifier completed the Software Evaluation Form, they wererequired toassign a score of
1—-5 (see Table 2.1) to each of the individual evaluation criterion.

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

The completed SoftwareEvaluation Forms are included as Annex Il of this report.
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3. VERIFICATION CASES
3.1 SYSTEM PERFORMANCE AND ENERGY YIELD (SPEY)

3.12.1 USER FLOW AND EXPERIENCE

The System Performance and Energy Yield (SPEY) module assesses the performance of the system
in terms of energy yield during all the stages of the resource-to-wire conversion, including the
downtime ofthe system.

It also computes the efficiencies at the different stages of the transformation, assesses the power
quality at the delivery point, and produces a set of alternative metrics against a set of technical
parameters.

In standalone mode, the user first sets up a study, providing a name and a brief description. An
identifier (Speyld) will be automatically created. Then the user will enter inputs for the
characterisation of the machine and site, the hydrodynamic interaction, the effects of PTO and
controlstrategy, the electrical dispatchinfrastructure, and the downtime hours per device, per month
and per year duringthe lifetime. Once these inputs are complete, the user can runthe design process,
and then view the results. Inintegrated mode, all the inputs come from other modules.

SPEY’s functionalities include:

Collating inputs from the user (standalone) or other modules.

Calculating the efficiency.

Calculating Alternative metrics.

Calculating power quality metrics.

Calculating energy production.

Exposing to the user the mainresults.

Filling the assessments interms of Energy Production of the Digital Representation of the system.

Nov s w N p

The main outputs of this module (computed both at array and device level) are:

1. Asetof dimensionless metrics (efficiencies).

2. A set of dimensional metrics (Alternative Metrics) as a function of cable lengths, mass, rated
power, and other characteristic dimensions.

3. Estimationofthe power quality delivery per sea state.

4. Estimation ofthe net (monthly, yearly, lifetime) Energy Production, accounting for the downtime
ofthe system.
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3.12.2 USER STORIES

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

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

3.1.3 DEFINITION OF THE VERIFICATION CASES

Four basic Features canbe identified in order to assess the performance and accuracy of this module:

» Calculate Energy Production: an estimate of the gross and net energy production, during the
lifetime, as well as the average annual and monthly production due tothe downtime of the system.

» Calculate Efficiency: a set of dimensionless parameters expressing how well the overall system,
as well as the different sub-systems, perform withrespect to the available resource and the other
subsystems, at botharray and device level of aggregation.

» Calculate Alternative Metrics: a set of dimensional parameters expressing how well the overall
system, as well as the different sub-subsystems, performwith respect to the other parameters, as
for example the lease area, the wetted surface of the prime mover, the mass, the rated power of
the device, the characteristic length, and the length of the cabling, both at array and at device level
ofaggregation.

P Calculate Power Quality: an estimate of the active power production with respect to reactive
power can be estimated for different subsystemsand levels of aggregation.

The Verification Cases were duplicated fortwo of these featuresin order to account for wave and tidal
scenarios. This led to atotal of six Verification Cases, as shownin Table 3.1.

TABLE 3.1: SPEY FEATURES AND VERIFICATION CASES

Complexity .
Feature Scenario Total Cases
Levels
Calculate Energy Production 1 1 1
Calculate Efficiency 1 2 2
Calculate Alternative Metrics 1 2 2
Calculate Power Quality 1 1 1

The six VCs can be grouped into two independent Verification Scenarios for the verification of SPEY
Features.
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» ATidal Array of 10 devices using Sandia’s Reference Model 1 (RM1)
» AWave Array of 10 devices using Sandia’s Reference Model 3 (RM3)

3.1.3.1 VALIDATION SCENARIO 1: TIDAL ARRAY OF 10 DEVICES

This Verification Scenario aims to assess the performance and energy yield of an array of 10 tidal
turbines. The tidalturbines are based onthe SANDIA Reference Model1(RM1) [3]. However, forthe
verification of the SPEY module, the results of a simulationrunin DTOceanv2.0was used; inorder to
homogenise the results of that simulation with the inputs of SPEY, a set of 22 sea states was
considered, based on power levels. The associated histogramis shownin Figure 3.1.
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FIGURE 3.2: HISTOGRAMOF THE POWER LEVELS FOR THE VALIDATION SCENARIO 1 INSPEY

Assumptions in this Verification Scenario (not included in the simulation run in DTOcean v2.0 but
needed to show the functionalities of SPEY) were:

Atthe device output, allthe power is active.

Atthe Onshore Collection point, the active power is 97.5% of the apparent power.
The efficiency ofthe transmission system equals to 100%.

The efficiency ofthe delivery system is 95%.

v v v Vv

3.1.3.2 VALIDATION SCENARIO 2: WAVE ARRAY OF 10 DEVICES

This Verification Scenario aims to assess the performance and energy yield of an array of 10 wave
energy converters (WECs). The WECs are based onthe Sandia Reference Model 3(RM3).
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However, for the verification of the SPEY module, the resultsofa simulationrunin DTOceanv2.0 was
used; in order to homogenise the results of that simulation with the inputs of SPEY, a set of 22 sea
states were considered, based on power levels. The associated histogramis in Figure 3.2.
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FIGURE 3.2: HISTOGRAM OF THE POWER LEVELS FOR THE VALIDATION SCENARIO 2 INSPEY

Assumptions in this Verification Scenario (not included in the simulation run in DTOcean v2.0 but
needed to show the functionalities of SPEY) are:

Atthe device output, allthe power is active.
Atthe Onshore Collection point, the active power is 97.5% of the apparent power.
The efficiency ofthe transmission systemequals to 80%.

v v v Vv

The efficiency ofthe delivery system is 95%.

3.1.4 COLLECTION OF DATAREQUIRED

The data required for SPEY to run has been categorised in sixgroups, namely the modules that would
provide the informationinthe integrated mode. The GUIin SPEY also reflects this organisation of the
inputs in standalone mode.

The inputs in terms of Machine Characterisationforthe VS1and VS 2 arereported in Table 3.2.
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TABLE 3.2: DEVICE CHARACTERISTICPARAMETERS

Device characteristic

o
DTC\ceant

\

Units Value for VSa Value for VS2
parameters
Technology (wave/tidal) - Tidal Wave
Rated capacity of the OEC kw 1100 286
Mass of the prime mover kg 219370 1000000
Wetted surface of the prime 330 861
m2
mover
Characteristicdimension m 20 6

The inputs in terms of Site Characterisationforthe VS1and VS 2 arereported in Table 3.3, Table 3.4,

and Table3.s.

TABLE 3.3: SITECHARACTERISTICPARAMETERS

Site characteristic parameters Units Value for VS1 Value for VS2
Average Energy Flux (Wave) kW/m — 28.57
Average Energy Flux (Tidal) kW/m?2 2.617 —
Lease Area Extension km?2 0.8 66.12
Monthly occurrence Matrix (Wave) — — See Table 3.4
Monthly Current Scenarios Matrices (Tidal) — See Table 3.5 —
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TABLE 3.4: MONTHLY OCCURRENCE MATRIX (WAVE)

3| 3
2 4
1 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 [ 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06
2 0.13 0.13 | 0.13 | 0.13 0.13 | 0.13 0.13 0.13 | 0.13 0.13 | 0.13 0.13
3 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 [ 0.06 | 0.06 | 0.06 | 0.06 | 0.06
4 0.17 0.17 | 0.17 0.17 0.17 | 0.7 0.17 0.17 | 0.17 0.17 | 0.17 0.17
5 0.07 | 0.07 | 0.o7 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07
6 0.09 | 0.09 | 0.0o9 | 0.09 | 0.09 | 0.09 | 0.09 [ 0.09 | 0.09 | 0.09 | 0.09 | 0.09
7 0.07 | 0.07 | 0.o7 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07
8 0.06 | 0.06 | 0.06 | 006 | 0.06 | 0.06 [ 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06
9 0.05 | 0.05 | 0.o5 | 0.05 | 0.05 | 0.05 | 0.05 [ 0.05 | 0.05 [ 0.05 | 0.05 [ 0.05
10 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 [ 0.01 | 0.01 | 0.02
11 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04
12 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 [ 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06
13 0.13 013 | 0.13 | 0.13 0.13 | 0.13 0.13 013 | 0.13 0.13 | 0.13 0.13
14 0.06 [ 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06
15 0.17 0.17 | 0.17 0.17 0.17 | 0.17 0.17 0.17 | 0.17 0.17 | 0.17 0.17
16 0.07 | 0.07 | 0.o7 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07
17 0.09 | 0.09 | 0.o9 | 0.09 | 0.09 | 0.09 | 0.09 [ 0.09 | 0.09 | 0.09 | 0.09 | 0.09
18 0.07 | 0.07 | 0.o7 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07
19 0.06 [ 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06
20 0.05 | 0.05 | 0.o5 | 0.05 | 0.05 | 0.05 | 0.05 [ 0.05 | 0.05 [ 0.05 | 0.05 [ 0.05
21 0.01 | 001 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 [ 0.01 | 0.01 [ 0.01 | 0.01 | 0.02
22 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04
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TABLE 3.5: MONTHLY CURRENT SCENARIO MATRICES (TIDAL)

2| 2
2 a4
1 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27
2 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0,04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04
3 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044
4 0.05 | o.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05
5 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077
6 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045
7 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.042
8 0.095 | 0.095 [ 0.095 | 0.095 [ 0.095 [ 0.095 | 0.095 [ 0.095 [ 0.095 | 0.095 [ 0.095 | 0.095
9 0.001 | 0.001 | 0.001 | 0.001 | 0.001 [ 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.002
10 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03
11 | 0.051 | 0.051 | 0.051 | 0.051 [ 0.051 [ 0.051 | 0.051 [ 0.051 [ 0.051 | 0.051 | 0.051 | 0.051
12 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27
13 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0,04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04
14 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044 | 0.044
15 0.05 | o.05 | o.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05
16 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077
17 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 [ 0.045 | 0.045 | 0.045 [ 0.045 | 0.045 | 0.045 | 0.045
18 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041 | 0.041
19 | 0.095| 0.095 | 0.095 | 0.095 | 0.095 | 0.095 | 0.095 | 0.095 | 0.095 | 0.095 | 0.095 | 0.095
20 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001
21 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03
22 | 0.051 | 0.051 | 0.051 | 0.051 | 0.051 | 0.051 | 0.051 | 0.051 | 0.051 | 0.051 | 0.051 | 0.051

The inputs in terms of Energy Capture are reported in Table 3.6-Table 3.10. The g-factor s the ratio
between the actual energy production at device/array level and the energy production of the
array/device ifall the devices were isolated, with no hydrodynamicinteractionamongthem.

TABLE 3.6: ENERGY CAPTURE PARAMETERS

Energy Capture parameters ‘ Units ‘ Value for VSa Value for VS2
Annual Energy Production - Array kWh 32551826.84 8856000
Annual Energy Production - Devices kWh See Table 3.7 See Table 3.8
Number of Devices - 10 10
g-factor - Array - 1 0.995
g-factor-Device - See Table 3.9 See Table 3.10
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TABLE 3.7: CAPTURED ANNUAL ENERGY PRODUCTION PER DEVICE (VS1)
Annual Energy
Production (kWh)
3930570.80
3918916.51
3659166.76
3042552.03
1749501.41
950385.76
2200704.71
399457372
4465244.96
4593879.71

Device id

O (o|N|loaojun|~|WIN|R

[y
(o]

TABLE3.8: CAPTURED ANNUAL ENERGY PRODUCTION PER DEVICE (VS2)
Annval Energy

250k Production (kWh)

1 932198.75
2 936446.25
3 973986.25
4 939000

5 941871.25
6 914413.75
7 946738.75
8 944575

9 923123.75
10 928072.5
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TABLE3.9: Q-FACTORPER DEVICE (VS1)

| Device id | g-factor
1 1
2 1
3 1
4 1
5 1
6 1
7 1
8 1
9 1
10 1

TABLE 3.10: Q-FACTOR PER DEVICE (VS2)

| Device id |  g-factor
1 0.992001024
2 1
3 1
A 0.993422966
5 0.997850226
6 0.966629201
7 1
8 0.992510207
9 0.9794555
10 0.990933099

(@)

The inputs in terms of Energy Transformation are reported in Table 3.11-Table 3.15. The reactive

power at the outputs ofthe device is supposed to be zero.

TABLE 3.11: ENERGY TRANSFORMATION PARAMETERS
Energy Transformation

parameters

Units

Value for VS1

Value for VS2

Annual Energy Production-
Array kWh 32551826.8 7499202.97
Annual Energy Production -

. 9y kWh See Table 3.12 See Table 3.13
Devices
Active power perseastate kw See Table 3.14 See Table 3.15
Reactive power perseastate kVAr Matrix of zeroes Matrix of zeroes.
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TABLE 3.122: TRANSFORMED ANNUAL ENERGY PRODUCTION PER DEVICE (VS1)
Annual Energy
Production (kWh)
3927196.006
3935597-923
3619125.719
3029591.214
1800110.703
1042537.859
2210404313
3953802.077
4436912.3
4596548.722

Device id

O (o|N|loaojun|~|WIN|R

[y
(o]

TABLE 3.13: TRANSFORMED ANNUAL ENERGY PRODUCTION PER DEVICE (VS2)
Annval Energy
Production (kWh)
745759
749157
779189
751200
753497
731531
757391
755660
738499
742458

Device id

O |loN|ooun |~ |WIN|R

[y
(o]
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TABLE 3.14: TRANSFORMED ACTIVE POWER PER SEASTATE PER DEVICE (VS1)
Device Device Device Device Device Device Device Device Device Device

p] 3 4 5 6 7 10
1 19.53 19.53 19.53 22.78 | 29.88 54.1 22.78 22.78 19.53 19.5
2 114 114 180 114 114 114 o o} o o}
3 o o o o 434.78 | 27.17 17241 1721 | 27174 | 1724
4 587.03 [ 121.84 o} 265.82 o} 387.66 [ 265.82 o} o 121.8
5 o} 328.13 | 328.13 | 393.75 | 393.75 | 215.63 | 590.63 o] o} o]
6 0 137.5 137.5 0 o} o} 825 825 825 o}
7 o 0 609.38 | 482.42 o} o} 482.42 | 609.38 o 1066.4
8 591.44 | 591.44 | 591.44 | 591.44 | 792.79 | 591.44 0 o 0 o
9 o o o o o 4250 o o} o o
10 o} 1212.77 | 960.11 o} 1364.36 o) o o] 1212.77 o]
11 792.45 o} o] 528.3 | 297.17 o] 2080.19|1551.89 o} o]
12 0 658.13 o 1004.52 o} o o o} 1628.01| 2459.3
13 3392.86 o 2857.14 o o} o} o o} o o
14 o} o o o o o) o 6750 o} o]
15 2188.68(2188.68 o} 273.58 o} o} o 2599.06 o o}
16 o o o o o o o o o 7750
17 o o o o o o o o 8250 o}
18 0 o o} o 709.46 0 1182.43 | 6858.11 o o}
19 o o o} o o} o} o o} o 9250
20 o 0 9750 o o} o} o o} 0 o}
21 o o o} o o} o o 10250 o o}
22 1887.4 | 1887.4 [1039.44 |1039.44 | 27.35 27.35 27.35 [1039.44 | 1887.4 | 1887.4
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TABLE 3.15: TRANSFORMED ACTIVEPOWER PER SEASTATE PER DEVICE (VS2)

Sea Device Device Device Device Device Device Device Device Device | Device
State 1 p] 3 4 5 6 7 8 9 10
1 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
2 20.53 17.31 16.01 20.53 20.44 20.44 20.53 16.96 21.83 20.44
3 28.46 | 41.09 46.21 | 28.46 | 28.83 28.83 | 28.46 | 42.48 23.35 28.83
4 4734 | 473 3086 | 4734 | 4734 473 | 46.46 | 46.47 473 473
5 56.17 | 56.29 | 99.59 | 50.71 | 49.32 | 57.66 | 53.38 | 5336 | 57.68 | 50.83
6 72.91 | 72.87 17.11 63.92 | 62.03 | 102.15 | 61.55 88.56 74.65 | 99.25
7 91.36 77.45 | 153.68 | 91.78 | 96.87 43.17 95.21 50.83 86.51 58.14
8 82.95 | 100.59 | 95.18 | 110.83 | 110.83 | 126.71 | 77.21 | 10534 | 82.53 | 82.84
9 118.33 | 118.33 99.9 108.82 | 108.77 64.7 151.63 | 93.62 | 122.12 | 118.78
10 29.37 30.23 | 381.16 | 87.56 | 87.84 | 184.48 | 95.5 272.32 | 39.02 27.53
11 138.72 | 237.46 | 134.46 | 138.72 [ 138.72 | 152.08 | 130.04 | 124.99 | 131.08 | 138.72
12 142.52 [129.7199| 140.27 | 160.12 | 142.47 | 89.79 |[152.88 | 167.4 | 209.89 | 159.94
13 200.65 [243.1144| 233.42 | 148.36 | 200.78 | 148.88 | 176.41 | 124.11 0.39 | 148.88
14 85.74 [|240.8558( 88.32 | 181.44 | 8574 | 181.44 | 183.53 | 184.02 | 342.46 | 181.44
15 280.54 [110.9536( 287.13 | 175.91 | 280.54 | 177.53 | 198.51 | 197.97 o} 175.91
16 258.34 |218.8123| 143.13 | 192.89 | 192.89 | 256.95 | 115.42 | 115.42 | 263.01 | 258.14
17 114.73 [201.5374| 358.86 | 196.18 | 190.6 | 120.78 | 360.72 | 366.3 | 128.93 | 106.35
18 72.24 (88.66195| 145.14 | 27518 | 290.94 | 365.16 | 323.12 | 616.04 131 97.2
19 278.01 [278.0084| 278.02 | 278.01 | 278.02 | 180.93 | 278.01 o] 278.01 | 278.01
20 257.72 |257.7182 o} 118.83 | 218.31 | 482.51 | 128.31 | 686.22 | 376.55 [ 1128.83
21 281.91 [253.0603| 310.75 | 338.72 | 338.94 | 186.41 | 246.72 | 138.33 | 231.43 | 338.72
22 260.54 |275.5891( 302.61 | 261.68 | 261.68 | 260.54 | 309.8 | 340.35 | 260.54 | 261.68

The inputs in terms of Energy Delivery are reportedin Table 3.16-Table 3.18.

TABLE 3.16: ENERGY DELIVERY PARAMETERS

Energy Delivery parameters Units \ Value forVS1 Value forVS2
Annual Energy Production kWh 31738031.2 6951735.57
Active power persea state kw See Table 3.17 See Table 3.18
Reactive power perseastate kVAr See Table 3.17 See Table 3.18
Intra array cable length m 1561.19 5987
Export cable length m 426.36 7012
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TABLE 3.17. DELIVERED ACTIVE/REACTIVE TABLE 3.128: DELIVERED ACTIVE/REACTIVE
POWERPER SEA STATE (VS1) POWERPER SEA STATE (VS2)
Sea Active Power | Reactive Power Sea Active Power | Reactive Power
State (kW) (kVAr) State (kw) (kVAr)
1 238 54 1 62 14
2 716 163 2 181 41
3 1188 271 3 301 69
4 1678 382 4 421 96
5 2139 487 5 542 123
6 2614 596 6 662 151
7 3090 704 7 783 178
8 3579 816 8 903 206
9 4040 921 9 1024 233
10 4515 1029 10 1144 261
1 5010 1142 11 1264 288
12 5466 1246 12 1385 316
13 6024 1373 13 1505 343
14 6417 1462 14 1626 370
15 6945 1583 15 1746 398
16 7367 1679 16 1866 425
17 7843 1787 17 1987 453
18 8318 1896 18 2107 480
19 8793 2004 19 2228 508
20 9269 2112 20 2348 535
21 9744 2221 21 2468 563
22 10265 2339 22 2589 590

The inputs in terms of Logistics and Marine Operation planning are reported in Table 3.19. In Table
3.20 and Table 3.21the total downtime hours per device during all the lifetime are shown, however in
SPEY the breakdown per month and per year have beenincluded.

TABLE 3.19: LOGISTICS AND MARINE OPERATION PLANNING PARAMETERS
Logistics and marine

. Units Value for VSa Value for VS2
operations parameters
Project Life years 20 20
Downtime hours per device hours See Table 3.20 See Table 3.21
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TABLE 3.20: DOWNTIME HOURS PER DEVICE (VS1)

| Device id Downtime hours
1 710
2 1082
3 1614
4 936
5 710
6 864
7 895
8 1014
9 866
10 1202

TABLE 3.21: DOWNTIME HOURS PER DEVICE (VS2)

| Deviceid Downtime hours
1 1260
2 1270
3 1069
4 1084
5 1128
6 1070
7 1457
8 1218
9 1412
10 990
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3.2 SYSTEM LIFETIME COSTS (SLC)

3.2.2 USER FLOW AND EXPERIENCE

The main purpose of the System Lifetime Costs (SLC) module is to assessthe economic performance
and financial attractiveness of a given ocean energy project, benchmarking against reference
projects. SLC's functionalities include:

1. Compile Bill of Materials (BOM): it compiles an inventory of materials, assemblies, and
components, including the quantities of each, as well as the installation operations required to
construct a givenocean energy farm.

2. Financial assessment: it evaluates the financial attractiveness ofthe project from the perspective
ofthe investor, assessing project profitability.

3. Economic assessment: it performs a techno-economic assessment, estimating the LCOE of the
farm, or using other alternative metrics for early-stage technologies.

4. Benchmark analysis: it compares the economic and financial results of the project against
reference values from wave and tidal projects.

All assessments produced by the System Lifetime Costs module are carried out based onthe design
outputs of the Deployment designtools together with project characteristics introduced by the user,
energy production estimates generated by the System Performance and Energy Yield, and a
catalogue of reference cost-breakdowns of ocean energy projects at different development stages.

In standalone mode, the user first sets up a study, before entering inputs of the project. Once these
inputs are complete, the user can run the assessment process, and then view the results. The main
outputs of the analysis are economic and financial parameters, the compiled bill of materials, and
benchmark metrics that allow comparing different renewable energy projects.

3.2.1.1 FUNCTIONALITIES NOT FULLY IMPLEMENTED

There are a number of functionalities that are not fully implemented in the 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) Presently, introducing other recurrent costs (e.g. insurances not considered on the O&M
planning) that are incurred on an annual basis is not possible. This will be implemented
afterwards.

2) Visualrepresentation ofthe cashflows and payback time.
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3.2.2 USER STORIES

There are four main user stories for the System Lifetime Costs module, corresponding to the four
functionalities, which canbe expressed as follows:

1. Bill of materials compiler:

a. As a project developer | would like to get the total list of components and installation

procedures required to commissioning my project, featuring quantities and costs.
2. Economicassessment:

a. As a policy maker / project developer / technology developer, 1 would like to obtain
standard economic metrics (e.g. CAPEX, OPEX, average OPEX per year, LCOE) that
allow meto evaluate the project.

b. As a project or technology developer | want to be able to compute these economic
metrics at an early project phase, where uncertainty and data gaps are high.

3. Financeassessment:

a. Asan investor/ policy maker / project developer / technology developer, | would like to
obtain standard financing metrics (e.g. Internal Rate of Return, Net Present Value,
Payback Period) in order to evaluate the project in respect to investment
attractiveness.

4. Benchmarkassessment:

a. Asan investor/ policy maker / project developer / technology developer, | would like to
compute project agnostic cost benchmarking metrics that allow me to compare this
project to reference ones as well as different renewable energy technologies.

3.2.3 DEFINITION OF THE VERIFICATION CASES

A set of verification cases was developed to cover the range of functionalities of the SLC module. As
previously mentioned, the calculation logic is agnostic to the technology type (WEC/TEC) and to
device topology (i.e. fixed or floating), although it takes the former into consideration when
benchmarkingagainst reference projects.

A range verification cases were defined with different device types, number of devices, and project
parameters were defined, aligned with the Sandia reference models (RM1 & RM3) where possible.
Additionally, the tool should be tested at both low and full complexity, with scenarios to allow
comparisonbetweenthese cases.

To consider every permutation of these would result inan unmanageably large number of verification
cases, so a smaller subset was chosen to cover as much of the variation as possible. The final list of
twelve verification cases, six for RM1 test cases and six for RM3, were listed in Table 3.22 and Table
3.23, respectively.

Cost breakdowns from the Sandia studies were used. However, given that the cost breakdown
structure of the Sandia study doesnot exactly matchthe one ofthe SLCmodule, the cost data had to
bereformattedin orderto generate comparable inputs. Avariable called “othercosts” was considered
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which aggregates CAPEX costs not discretized in SLC, which include all the costs in Table 3.24 and
Table 3.25 (and not produced by other modules).

TABLE 3.22: LIST OF VERIFICATION CASES OF SYSTEMLIFETIME COSTS RELATED TO RM1
VSa VC3 VSa1 VC4 VSa VC; VS VC6

Complexity

Number of project years
Project discount rate
Device type

Device topology

Device Rated power (kW)

Number of devices

Total device structural costs (€)
Unit device structural costs (€)
Other costs (€)

Energy market price (€/kWh)
Grant financing

Feed-in tariff value (€/kWh)

Number of years of FIT
Average Capture Width Area
(ACCW)

Surface area(mz2)
Structural mass of device (kg)
Struct. Thickness (m)

Cost of manufacture (€/kg)
Annual Energy Production
(kWh)

Cost of ET system (€)

Cost of ED system (€)

Cost of SK system (€)

Cost Inst. devices (€)
CostInst. Anchors &
foundations (€)

Cost Inst. moorings (€)
Cost Inst. cables (€)
Costinst. CP (€)

Other inst costs3 (€)
OPEX Jyr (€)

Cost of Equipment (€)

Testnumber VSi VCai VSa VC2

3 3 3 3 2 1
20 20 20 20 20 20
7.25% 7.25% 7.25% 7.25% 7.25% N.D.
Tidal Tidal Tidal Tidal Tidal Tidal
Fixed Fixed Fixed Fixed Fixed Fixed
1,115 1,115 1,115 1,115 1,115 1,115
1 10 5o 100 10 10
716,059 | 4,609,531 |19,199,597 |36,189,654 | 4,609,531 | 4,609531
716,059 | 460953 | 383,992 | 361897 460953 | 460,953
23,704,237 (31,681,033 | 55,318,804 | 83145673 | 31681033 |31,681,033
0.06 0.06 0.06 0.06 0.06 N.D.
None None None None None N.D.
0.200 0.200 0.200 0.200 0.200 N.D.
20 20 20 20 20 N.D.
4.2
2520
800,000
0.04
3.00
2,727,000 (27,270,000 [136,350,000272,700,000/27,270,000 |27,270,000
1,908,099 (16,785,485 (77,144,340 [156,571,396( 16,785,485 (16,785,485
43,200 175,200 811,200 1,579,200 175,200 17,5200
558,491 | 4,190,536 [19,274,506 (38,126,339 4,190,536 | 419,0536
872,215 |[1,992,899 | 6,973,719 |13,629,725| 1,992,899 | 1,992,899
6,128,696 | 6,733,683 | 9,422,517 (12,783,558 | 6,733,683 | 6,733,683
1,628,674 | 2,850,626 | 8,281,526 |11,449,551 | 2,850,626 | 2,850,626
667,000 | 767,200 | 1,534,000 | 2,301,600 | 767,200 767,200
1,599,527 | 3,333,230 | 6,176,040 | 9,471,187 | 3,333,230 | 3,333,230
3,225,849 [25,760,753 [116,429,643232,466,589 25,760,753 | 25,760,753

3 Included in Other Costs
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TABLE 3.23: LIST OF VERIFICATION CASES OF SYSTEM LIFETIME COSTS RELATED TORM3

Complexity

Number of project years
Project discount rate
Device type

Device topology

Device Rated power (kW)
Number of devices

Total device structural costs

(€)

Other costs (€)

Energy market price (€¢/kWh)
Grantfinancing

Feed-in tariff value (€/kWh)
Number of years of FIT

Average Capture Width Area
(ACCW)

Surface area(m2)

Structural mass of device (kg)

Struct. Thickness (m)
Cost of manufacture (€/kg)
Annual Energy Production
(kWh)

Cost of ET system (€)

Cost of ED system (€)
Cost of SK system (€)

Cost Inst. devices (€)

Cost Inst. Anchors &
foundations (€)

Cost Inst. moorings (€)
Cost Inst. cables(€)
Costinst. CP (€)

Other inst costs# (€)

OPEX/yr (€)
Cost of Equipment (€)

Test number VS2_VCai VS2_VC2

Unit device structural costs (€) pReEI-Wel:p2

VS2 VC3 VS2_VC4 VS2_VCg5 VS2_VC6
3 3 3 3 2 1
20 20 20 20 20 20
7.25% 7.25% 7.25% 7.25% 7.25% N.D.
Wave Wave Wave Wave Wave Wave
Float Float Float Float Float Float
286 286 286 286 286 286
1 10 5o 100 10 10
2,939,052 |20,674,690| 91,548,379 |177,933,334 |20,674,690 0,674,690
2,067,469 | 1,830,968 | 1,779,333 | 2,067,469 |2,067,469
7,451,139 [22,747,083 | 51,132,679 | 87,953,619 |2,2747,083 22,747,083
0.06 0.06 0.06 0.06 0.06 N.D.
None None None None None N.D.
0.200 0.200 0.200 0.200 0.200 N.D.
20 20 20 20 20 N.D.
4.2
2520
800,000
0.04
3.00
700,735 | 7,007,352 | 35,036,762 | 70,073,523 | 7,007,352 [7,007,352
623,464 | 4,936,833 | 21,684,569 | 41,283,900 | 4,936,833 | 4,936,833
990,000 990,000 3,696,000 9,570,000 990,000 990,000
524,775 | 4,722,975 | 23,614,875 | 47,229,750 | 4,722,975 |4,722,975
255,203 | 916,275 | 3,854,375 | 7,527,000 | 916,275 | 916,275
3,193,834 | 3,904,559 | 7,063,961 | 11,013,214 | 3,904,559 3,904,559
1,507,534 | 2,280,165 | 4,503,815 | 7,283,377 | 2,280,165 [2,280,165
951,953 | 1,980,975 | 6,109,075 | 12,036,000 | 1,980,975 (1,980,975
1,166,779 | 61,172,579 | 207,098,652 (389,794,193 61,172,579 (61,172,579
5,077,291 |31,324,499 | 140,543,823 (276,016,984 (31,324,499 [31,324,499

4Includedin Other Costs
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TABLE 3.24: OTHER COSTS TABLE FORRM1
Farmsize

Development Costs (€) 5.0E+06 7.6E+06
Infrastructure Costs (€) 1.4E+07 1.4E+07 1.4E+07 1.4E+07
Subsystem Integration & Profit Margin Costs (€) [EeN1=EXel- 3N PN =Te]3 1.2E+07 2.3E+o7
Installation: Cable shore landing (€) 6.7E+05 7.7E+05 1.5E+06 2.3E+06
Installation: Transport tostagingsite (€) - - - -

Contingency costs (€) 3.2E+06 6.3E+06 1.8E+07 3.2E+o07
Total other costs (€) 2.37E+o7 | 3.2E+o7 5.5E+07 | 8.3E+07

TABLE 3.25: OTHER COSTS TABLE FORRM3
Farmsize

Development Costs (€) 4.6E+06 | 8.8E+06
Infrastructure Costs (€) 0.0E+o00 3.9E+06 3.9E+06 7.7E+06
Subsystem Integration & Profit Margin Costs (€) K] =e] N I =¥e]3 1.1E+o07 2.2E+07
Installation: Cable shore landing (€) 6.7E+05 7.7E+o5 7.7E+05 1.5E+06
Installation: Transport tostagingsite (€) 3.0E+04 | 3.0E+o0g 1.5E+06 | 3.0E+06
Installation: Commissioning (€) 2.6E+o5 | 9.2E+05 3.9E+06 7.5E+06
Contingency costs (€) 1.6E+06 5.6E+06 1.9E+o07 3.5E+07
Total other costs (€) 7-45E+06 | 2.3E+07 5.1E+o7 | 8.8E+o7

3.2.4 COLLECTION OF DATAREQUIRED

Running the verification cases inthe System Lifetime Costs module requires a setofinput data, which
were mostly collated from the Sandia reports, and insome cases, synthetic data sets were produced
where realdata was notavailable.

The datarequirements for the SLCmodule canbe summarised as follows:
» Generalinputs: inputs related to the device and project characteristics (see Table 3.26).

Financial inputs: electricity selling price, financing strategies (grant, feed-in tariffs and durations,

market price), as shownin

> Table3.27.

» ACE inputs: optionalinputs to calculate the ACE metric as a proxy for the LCOE (see Table 3.28).

» Externalinputs: inputs produced from other modules, such as the BOMs, the hierarchies and AEP
(see Table 3.29).

» Catalogue of reference projects: CAPEX, OPEX, LCOE and cost breakdowns for different project
development maturities.
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TABLE 3.26: GENERAL PROJECT INPUTS

Project parameters

DTOcean+

Default

Data origin

Discount rate (suggested value) 10% User %
Project lifetime 20 User/LMO years
Device type (WEC/tidal) Required User/MC -
Device topology (floating/fixed) Required User/MC -
Device rated power Required User/ET kw
Device structural costs Required User €/unit
Numberof devices Required User/MC -
Other CAPEX costs Required User €
TABLE 3.27: FINANCIAL INPUTS

| Financial input parameters Default | Data origin Units
Electricity market price Required User €/kWh
Grant value Optional User €
FIT price Optional User €/kWh
Yearsof FIT Optional User years

TABLE 3.28: ALTERNATIVE ECONOMICMETRICS (ACE)

| Alternative economic metrics Default | Data origin Units
Average Climate Capture Width (ACCW) Optional User m
Total surface area Optional User m?
Structural thickness Optional User m
Material density Optional User years
Cost of manufacture perunit mass Optional User €/kg

TABLE 3.29: EXTERNAL MODULE INPUTS
External module inputs Default ~ Data origin Units

Energy Transformation Bill of Materials Required ET -
Energy Delivery Bill of Materials Required ED -
Station Keeping Bill of Materials Required SK -
Logistics and Marine Operations Bill of Materials Required LMO -
Annual Energy Production Required SPEY kWh/year
Maintenance solution Required LMO -
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3.3 RELIABILITY, AVAILABILITY, MAINTAINABILITY AND SURVIVABILITY
(RAMS)

3.3.1 USER FLOW AND EXPERIENCE

The Reliability Availability Maintainability, and Survivability (RAMS) module assesses the following
metrics:

» Reliability: the ability of a structure or structural member to fulfil the specified requirements,
during the workinglife, for which it has been designed.

» Availability: the probability that a system or component is performing its required function at a
given point in time or over a stated period of time when operated and maintained in a prescribed
manner. In engineering applications, the availability of a device is the ratio of the uptime to the
sum of uptime and downtime during the design lifetime. The availability of the array is the
arithmeticaverage ofthat ofall devices inthe array.

» Maintainability: the ability of a system to be repaired and restoredto service when maintenance
is conducted by personnel using specified skill levels and prescribed procedures and resources.

» Survivability: the probability that the critical structural and mechanical components can survive
the ultimate and fatigue loads duringthe design lifetime.

The RAMS module requires outputs from the Deployment design tools plus user-defined data.
Reliability, Maintainability, and Survivability assessments involve the theoretical probabilistic
analysis. The theoretical basis for reliability assessment is the Fault Tree (FT) method, which
graphically represents the logic dependencies of all the units in a system. The theoretical basis for
maintainability is the classic reliability assessment method, which assumes that the time to repair
(TTR) follows a probabilistic distribution. The theoretical basis for survivability assessment is the
classic structural reliability analysis, which estimates the probability of failure (PoF) for the pre-
defined failure mode based uponthe limit state function. Compared to the other three, availability is
relatively simple, without employing complicated theory.

The four assessments are independent from each other in the RAMS module. In standalone mode,
the user should first define the basicinputs ofa project. The user can choose to assess all of them or
some of them. For each assessment, the user uploads the input files and enters the user-defined
parameters, then checks the input summary, finally runs the assessment.

RAMS's functionalities include:
» Reliability assessment

= Estimating the maximum, mean and standard deviation of time to failure (TTF) of basic
components in Energy Delivery (ED), Energy Transformation (ET) and Station Keeping (SK)
subsystems.

= Estimating the maximum, mean and standard deviation of TTF of the ED, ET, SK subsystems
and the array.

= Calculating the maximum annual probabilities of failure (PoFs) of the ED, ET, SK subsystems
and the array.
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» Availability assessment
= Calculating the availability ofallthe devices and the average availability of the array.
» Maintainability assessment

= Calculating the probability that the damaged components can be successfully repaired or
replaced in a period oftime, giventhe equipment and the resources.

» Survivability assessment
= (Calculating the probability that the critical structural/ mechanical components cansurvive the
ultimate loads/ stresses during the design lifetime.

= (Calculating the probability that the critical structural/ mechanical components cansurvive the
fatigue loads/ stressesduring the design lifetime.

The main outputs of this module are:

» The maximum, mean, and standard deviation of time to failure (TTF) of basic components in
Energy Delivery (ED), Energy Transformation (ET) and Station Keeping (SK) subsystems.

The maximum, mean, and standard deviation of TTF ofthe ED, ET, SK subsystemsand the array.
The maximum annual probabilities of failure (PoFs) of the ED, ET, SK subsystems and the array.
The availability of allthe devices and the average availability of the array.

The probability that the damaged components can be successfully repaired orreplaced in a period
oftime, given the equipment and the resources.

The survival probability under the ultimate limit state (ULS).

» The survival probability under the fatigue limit state (FLS).

v v v Vv

v

3.3.2 USER STORIES

RAMS verification needs to take into account the following user stories, which respectively
correspond to four assessments. It is assumed that the user has the technical competency and
knowledge.

» Reliability:

1. The user has designed anarray which mainly comprises the ED, ET, and SK subsystems.

2. The user would like to know how long it will take before basic components fail (namely
mean TTF) and the uncertainties of TTF (the standard deviation of TTF and the maximum
TTF).

3. The userwould like to know how long it will take before the subsystemsfail (namely mean
TTF) and the uncertainties of TTF (the standard deviation of TTF and the maximum TTF).

» Availability:

1. The user has designed an array composed of M devices. The user would like to know how
many hours each device can work normally and the average normal working hours of the
array.

» Maintainability:

1. Thereissucha scenario inwhich a basiccomponent fails. Supposeit is a critical component,
the meantimeto repair (TTR)is trepair (@ssumed to beina begin weather) and the available
time window for repairing it is t,,, hour. Based upon the engineering experience, the time
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to repair follows the Gaussiandistribution. The technicianis expected to repairitin a begin
weather and is given all the necessary spare parts and tools. The user would like to know
the probability that the technician can successfully repair it within t,..

» Survivability:

1. Suppose that the user only cares about the structural integrity of the array, e.g. mooring
lines, PTOs.

2. The user has performed structural analyses to obtain the ultimate loads or stresses and the
fatigue stressranges of critical components. The user would like to know the probabilities
that these critical components can survive the ultimate loads or stresses and the fatigue
stress ranges during the design lifetime.

3.3.3 DEFINITION OF THE VERIFICATION CASES

The RAMS module, as anassessment tool, requires the outputs of the Deployment tools, namely the
ED, ET, SKand LMO modules. Therefore, the scenarios in the verification cases should be aligned with
those chosen by these modules as much as possible in order to give logically consistent assessment
results.

There are six verification cases defined to test the reliability, availability, maintainability, and
survivability assessments (see Table 3.30). Inthe column“Level of Complexity”, “10r 2 0or3” is added
for reliability, availability and maintainability, because the code in Business Logic Is the same. For
Complexity 1, the code for Survivability (ULS and FLS) assessment only includes the Monte Carlo
Simulationapproach, while First Order Second Moment (FORM) is added for Complexity 2& 3 besides
the Monte Carlo Simulation approach. FORM is an analytical solution involving calculation of the
multi-variate gradients, which might cause the numerical problem for few highly nonlinear limit state

functions. Therefore, the Monte Carlo Simulation approachis used for verification.

TABLE 3.30: FEATURES ANDTOTALNUMBER OF VERIFICATION CASES FOR RAMS

Feature Levels c.)f Other option Total cases
complexity
Availability 10r20r3 n/a 1
Maintainability 10r20r3 n/a 1
Reliability (component) 10r20r3 n/a 1
Reliability (system) 10r20r3 n/a 1
Survivability (ULS) 1 X 1
Survivability (FLS) 1 X 1

Reliability contains two cases representing the component-level and the system-level assessments.
Survivability contains two cases representing the assessments from the ULS and FLS perspectives.
Basically, these verification cases are chosen based uponthe US DoE reference models (RM1& RM3).
As aforementioned, the layout, including the type and number of marine energy converters, should
be aligned withthat in the verification cases of the Deployment tools, as summarized below.

» ATidal Array of1 device using Sandia’s Reference Model 1 (RM1).
» AWave Array of1 device using Sandia’s Reference Model 3(RM3).
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3.3.4 COLLECTION OF DATAREQUIRED

The input data has been categorised infour groups correspondingto the four assessments.

3.3.4.1 REQUIRED INPUTS FOR RELIABILITY ASSESSMENT

Reliability assessment requires the hierarchies of the ED, ET, and SK subsystems, the number of
simulations and the waiting time, as summarized in Table 3.31.

TABLE 3.31: SUMMARY OF INPUTS FOR RELIABILITY ASSESSMENT

External module inputs Default Data origin Units

ED hierarchy Required ED oruser-defined

ET hierarchy Required ET or user-defined

SK hierarchy Required SK oruser-defined

Number of simulations Required User-defined

Average waiting time Required User-defined hour

The data structure of these inputs is described as follows:

» Hierarchy: Ahierarchyis a 2-Dtable array storing the information on the working philosophy and
the interrelationship of the units at different levels reflected in a fault tree. See the template in
Table 3.32. The first column gives the subsystem or system to be analysed. All failure events are
considered nodes inthe hierarchy. The second column, ‘Name of Nod¢e’, gives the names of these
failure events. The third column, ‘DesignId’, givesthe identification labels of the basic components
and other units. The column, ‘Node Type’, defines the levels of a hierarchy. The column, ‘Node
SubType’, defines the additional information the design modulesuse toidentify the corresponding
node. The column, ‘Category’, defines which levels the nodes inthe ‘Name of Node’ column belong
to in the fault tree. The columns ‘Parent’ and ‘Child’ define the dependencies of units at various
levels. Eachentry in ‘Parent’ defines the label of the higher-level unit which the current unit in the
column ‘Name of Node' belongs to. Each entry in ‘Child’ defines the labels of lower-level units
which belongto the current unit. Based upon the aforementioned descriptions, the units in the
column*Child" are connected through a specific logic gate to the higher-level unit. The logic gates
are given in the column'Gate Type'. The logic gate in each entry of this column is used to connect
the unit in the column ‘Name of Node’ and the units in the column ‘Child’. The last two columns
give the failure rates of basic components for two failure modes.

TABLE 3.32: EXAMPLEHIERARCHYTABLE

Failure Failure
Name De5|gn Node | Node Gate  Rate Rate
System Type | Subtype Category | Parent | Child Type Repair | Replacement
Node
[1Ihour] [1/hour]

» Number of simulations: It is a scalar (integer). The Monte Carlo Simulation approach is used to
estimate the time to failure (TTF) of basic components, namely the nodes on the bottom most
level of the fault tree. The TTF of the subsystem can be further estimated, based upon the logic
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dependencies inthe hierarchy. The TTF of basic components are randomly sampled, which means
there is uncertainty. With the aim to quantify the uncertainty, a large number of simulations is
needed.

» Average waiting time: It is a scalar (float). When a certain number of components fail, the
subsystem fails. It takes time to repair or replace failed components and recover the subsystem.
The time duration between the subsystem failure and the subsystem recovery is called waiting
time (or called downtime insome textbooks; to avoid misunderstanding, waiting time is used).

Further details are provided in the theoretical background of the RAMS alpha deliverable [10] and a

correspondingacademic paper [11]

3.3.4.2 REQUIRED INPUTS FOR AVAILABILITY ASSESSMENT

Availability assessment requires the downtime of all the devices in an array, as summarized in Table

3-33-
TABLE 3.33: SUMMARY OF INPUTS FORAVAILABILITY ASSESSMENT

External module inputs Default Data origin Units

Downtime Required LMO oruser-defined -

The data structure ofdowntimefor one device is described as follows:

» Downtime: Itis a dictionary containing such keys as ‘year’ and the first three letters of twelve
calendar months (e.q. ‘jan’ represents January). The content of ‘'year’is a 1D list containing the
labels of calendar years startingfrom o. The content of calendar monthis a 1D list containing the
downtime of this monthin different years inthe list of ‘year’.

3.3.4.3 REQUIRED INPUTS FOR MAINTAINABILITY ASSESSMENT

Maintainability assessment requires the downtime of all the devices in an array, as summarized in
Table 3.34.

TABLE 3.34: SUMMARY OF INPUTS FOR MAINTAINABILITY ASSESSMENT

External module inputs Data origin Units

Available time Required User-defined hour
Probability distribution of repairtime Required User-defined -
Standard deviation of repairtime Required User-defined hour
MTTR Required LMO oruser-defined hour
Technologies Required LMO oruser-defined -

The data structure of these inputs is described as follows:

» Availabletime: Itisascalar (float). It refers to the available time that is available for the technician
to repair or replace the failed component.

» Probability distribution of repairtime: Itis a string. It refers to the chosen probability distribution
of repair time.

» Standard deviation of repair time: Itis a scalar (float). The repair time is a stochastic variable. The
standard deviationis needed to define the probability distribution.

» MTTR: Itis a 1D list containing the meantime to failure offailed components.

» Technologies:Itis a1D list containing the names offailed components.
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3.3.4.4 REQUIRED INPUTS FOR SURVIVABILITY ASSESSMENT

Survivability assessment requires many inputs, as summarized in Table 3.35. Other parameters
required are elaboratedonin Table 3.36.

TABLE 3.35: SUMMARY OF INPUTS FORSURVIVABILITY ASSESSMENT

| Externalmodule inputs Default | Data origin | Units
Stress_sk.json Required SK orUser-defined -
Stress_et.json Required ET or User-defined -
Otherparameters Required Default or User-defined -

TABLE 3.36: EXPLANATION OF OTHER PARAMETERS FOR SURVIVABILITY ASSESSMENT

Parameters Format Explanation

cov_a float The coefficientof variance of the S-N curve parameter a
cov_| float The coefficient of variance of the extreme/ ultimate load
The coefficient of variance of the scale parameter of the 2-parameter Weibull
cov_q float distribution (assumed that the long-term stress ranges follow the 2-
parameter Weibull distribution)
The coefficient of variance of the resistance (maximum breaking load, MBL)
cov_r float .
of the mooring lines
cov_ufl float The coefficient of variance of the uncertainty factor associated withthe load
The coefficient of variance of the uncertainty factor associated with the
cov_ufr float ]
resistance
mu_ufi float The mean value of the uncertainty factor associated with the load
mu_ufr float The mean value of the uncertainty factor associated with the resistance
. . The number of simulations for the survivability assessment (fatigue limit
n_sim_fls integer
state, FLS)
) ) The number of simulations for the survivability assessment (ultimate limit
n_sim_uls integer
state, ULS)
The methodused for assessing the survivability (FLS),
option_fls string option 1 —'Monte Carlo’ (for complexity 1, 2 & 3); option 2 —‘FORM’ (for
complexity 2 & 3)
) . The method used for assessing the survivability (ULS), option 1 — ‘Monte
option_uls string , ) . . g .
Carlo’ (forcomplexity 1, 2 & 3); option 2 —'‘FORM’ (for complexity 2 & 3)
pd_a string The probability distribution of the S-N curve parametera
The probability distribution of the shape parameter of the 2-parameter
pd_h string Weibull distribution (assumed thatthe long-term stress ranges follow the 2-
parameter Weibull distribution)
pd_| string The probability distribution of the load
pd_m string The probability distribution of the S-N curve parameterm
pd_n string The probability distribution of the number of stress range cycles
The probability distribution of the scale parameter of the 2-parameter
pd_q string Weibull distribution (assumed thatthe long-term stress ranges follow the 2-
parameter Weibull distribution)
pd_r string The probability distribution of the resistance
pd_ufl string The probability distribution of the uncertainty factor associated with the load
. The probability distribution of the uncertainty factor associated with the
pd_ufr string ]
resistance
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It should be noted that: if Log-normal is chosen for a stochastic variable, the mean and standard
deviationshould be those of logged variable. For example, suppose a stochastic variable X following
the Log-normal distribution. piy, (xy and aj, (xy should be the inputs. The relationship of mean and
standard deviation between X and log(X) can be given as follows:

With iy and oy known, uy, (x) and gy, () are expressed as:

ox\?
Oln x) = [In|1+ (_)
Hx

1
By = In(uy) — 50131 *
The data structure of stress_sk.jsonand stress_et.jsonare described as follows:

P stress_skjson: It is a json file, which contains the following data relevant for survivability
assessmentinTable 3.37.

TABLE 3.37: EXPLANATION OF THEDATAIN STRESS_SK.JSON

| Data | Key Nameiin stress_sk.json
The ultimate loads on the mooring lines devices[i]["uls_results"][*mooring_tension”]
The maximum breaking loads (MBL) of the mooring lines | devices[i]["uls_results"]["*mbl_uls"]
The stress ranges on the mooring lines devices[i][“fls_results"]["cdf_stress_range”]
The cumulative distribution functions (CDFs) of the stress , .
devices[i][“fls_results"][“cdf”]
ranges
The S-N curve parametera devices[i][“fls_results"][“ad"]
The S-N curve parameterm devices[i][“fls_results"]["m"]
The number of stressrange cycles devices[i][“fls_results”][" n_cycles_lifetime"]

P stress_et.json: It is a json file, which contains the following data relevant for survivability
assessmentinTable 3.38.

TABLE 3.38: EXPLANATIONOFTHEDATA INSTRESS_ET.JSON
| Data | Key Namein stress_et.json ‘

The label of the critical device “device_id”
The mean of the S-N curve parametera “mu_a"
The standard deviation of the S-N curve parametera “std_a"
The S-N curve parameterm “m”
The shape parameter of the 2-pWeibull distribution for o
the long-term stressranges

The mean scale parameter of the 2-p Weibull . .
distribution forthe long-termstress ranges mu-9
The standard deviation of scale parameterof the 2-p . .
Weibull distributionforthe long-term stress ranges mu-q
The mean of the ultimate load “mu_|"
The standard deviation of the ultimate load “std_|”
The numberof cycles of stress ranges “n”
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It should be re-iterated that the inputs in stress_et.json (summarised in Table 3.38) are only for the
purpose of stand-alone verification. The data format of inputs can be changed/improved, because of
updatesin the ET module. See the details in Annex | (Section7.4.3).

The readers, who are interested in knowing details, can refer to the theoretical background of the
RAMS alpha deliverable [10] and the textbook Methods of Structural Safety [12].
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3.4 ENVIRONMENTAL AND SOCIAL ACCEPTANCE (ESA)

3.4.1 USER FLOW AND EXPERIENCE

The Environmental and Social Acceptance module (ESA) aims to assessthe environmental and social
impacts generated by the various technology choices and array configurations of wave or tidal

devices. It has four mainobjectives:

Identify the potential presence in the area of endangered species classified as such by the IUCNS
and listed in international conventions and Europeandirectives [namely, Barcelona Convention®;
Berne Convention’; Bonn Convention®; Helcom Convention?; Ospar Convention°; Washington
Convention**; Habitat Directive??; Birds Directive®; and Marine Strategy Framework Directive4].
Assess the environmental impacts generated by the various technology choices and array
configurations of wave or tidal devices, in terms of pressure existence (e.g. chemical pollution or
collision risk with marine fauna) and associated receptor sensitivity (e.g. marine mammals or
sensitive seafloor habitats).

Perform alife cycle assessment of a project following the structure of Life Cycle Assessment (LCA)
process defined by the standards ISO 14040 and ISO 14044. Estimate the carbonfootprint ofthe
project at the different phases of the project (i.e. production, installation, maintenance,
decommissioning, and treatment) in terms of two mid-point indicators, namely the Global
Warming Potential (GWP) and the Cumulative Energy Demand (CED).

Provide insight onsocial acceptance ofthe projectinterms of cost of consentingand jobs creation
during the farm lifetime.

Environmental and Social Acceptance evaluation is carried out based on the design outputs of
deployment designtools with project characteristics and preferences introduced by the user.

In standalone mode, the user first sets up a study, before entering inputs of the project. Once these
inputs are complete, the user canrunthe module and view the results of the assessment for which the

main outputs include:

>

Endangered species: Provides a list of taxonomicinformation on endangered species potentially
present in the area. For each species, this feature provides insight on the main risks and
recommendations on mitigation measures. Evenifthe module has not identified any endangered
species in the area, a warning is displayed that all marine birds and mammals are protected and
that measures to monitorshould be considered anyway.

5 IJUCN (www.iucn.org)

6 Barcelona Convention (http://web.unep.org/unepmap/)

7Berne Convention (https://www.coe.int/en/web/bern-convention/presentation)
8 Bonn Convention (https://www.cms.int/en/legalinstrument/cms)

9 Helcom Convention (https://helcom.fi/about-us/convention/)

e Ospar Convention (https://www.ospar.org/convention)

** Washington Convention (https://www.cites.org/eng/disc/text.php)

12 Habitat Directive (Council Directive 92/43/EEC)

13 Birds Directive (Directive 2009/147/EC)

*4 Marine Strategy Framework Directive (Directive 2008/56/EC)
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Carbon footprint: Global resultsinform the user about the overall Carbonfootprint of the project
in terms of global warming potential, cumulative energy demand and energy payback period. The
user can compare these results to other types of energies or other technologies GWP and EPP
(Energy Payback Period).

= Foreachmid-pointindicators (GWP and CED), results are also displayed per phase.
Environmental impact assessment: Impact of 13 pressures is quantified and a positive and a
negative score is given at array level or technology group level. Recommendations for each
pressure are givento help improve environmentalintegration of the project.

Social acceptance: The feature regroups information onrelevant subjects forsocial acceptance of
the project (Cost of consentingand number of jobs).

3.4.2 USER STORIES

10 user stories canbe described for the ESA module, that canbe divided evenly intwo mainmodes:

»

Integrated, when the user uses all modules of DTOceanPlus to produce the inputs for ESA: this
mode will not be tested during the Verification activities, but the user stories are the same as
standalone mode.

Standalone mode, in which the user will provide all needed information to run the module. This
mode will be tested while running the Verification cases and includes 5 user stories:

1. "The userhas an idea of the coordinates where the farm is to beinstalled. The user would like
to get information on endangered species potentially present in the chosen area of the farm.
The user has no prior information on the presence of one or more species, qualified as
endangered or worst.”

2. "The userhas an idea of the coordinates where the farm is to beinstalled. The user would like
to get information on endangered species potentially present in the chosen area of the farm.
The user has priorinformation on the presence of one or more species, qualified as endangered
orworst.”

3. "The useris quite advance on the design of all the project: site, device, foundations, electrical
parts and logistics. The user wants to assess environmental impacts of the different design
choices. The user wants quantitative evaluation of the design regarding several pressures
induced on receptors present in the environment.”

4. “The user has information on materials and manufacturing processes used in the project and
information on marine operations scheduled during the lifetime of the project. The user wants
to run alife cycle assessment of the whole project and to have information on potential global
warming due to emissions of greenhouse gases to air (Global Warming Potential inkgCO,_¢,)
and use of non-renewable energy (Cumulative Energy Demand in MJ).”

5. "The user has information on number of jobs involved in the whole project and on cost of
consenting. The userwants information on how to increase social acceptance of the project.”

The verification tests of the ESA module are based on two scenarios (RM1 and RM3) and divided as

follows:

4
4

RMawill use user story 1, 4and 5.
RM3 will use user story 2and 3.
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3.4.3 DEFINITION OF THE VERIFICATION CASES

(@]

The features and totalnumber of verification cases for ESA are detailed in Table 3.39.

TABLE 3.39: FEATURES AND TOTAL NUMBER OF VERIFICATION CASES FOR ESA
Optional user Running mode

Feature

Total cases

inputs (standalone/integrated)

Endangered species 2 2 4
Carbon footprint 1 2 2
Environmental impact Assessment 1 2 2
Social acceptance 1 2 2

3.4.4 COLLECTION OF DATAREQUIRED

3.4.4.1 USER STORIES 1, 4 AND 5

The information necessary to runthe verification cases for User Stories 1, 4 and 5 of ESA are givenin

Table3.40to Table3.51.

SITE DATA

TABLE 3.40: FARMGENERAL INFORMATION

| Inputs description | Value | Units
Coordinates of the farm Long:-122.55°; Lat:47.28° Decimal degrees
Project lifetime 20 -
LCOE 56 /MW

DEVICE DATA

TABLE 3.41: DEVICE GENERAL INFORMATION
Inputs description Value Units
Type of technology Tec -
Number of devices 10 -
Floatingdevice No -
TABLE 3.42: DEVICE MATERIALQUANTITY

| Inputs description Value Units

Non-allowed steel Assumed to be 503600 kg
TABLE 3.43: DEVICE MATERIALS QUANTITY TO RECYCLE

| Inputs description Value Units
Non-allowed steel Assumed to be 503600 kg

FOUNDATION DATA

TABLE 3.44: FOUNDATION MATERIALS QUANTITY

| Inputs description | Value Units

Non-allowed steel 1497953.2 (calculated in RM1-SK3) kg
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TABLE 3.45: FOUNDATION MATERIALS QUANTITY TO RECYCLE

Inputs description Value Units
Non-allowed steel 1497953.2 kg
ELECTRICALDATA
TABLE 3.46: ELECTRICAL GENERAL INFORMATION
| Inputs description Value Units
Annual Energy Production 30000000 kWh

TABLE 3.47: ELECTRICAL MATERIALS QUANTITY

Inputs description Value Units
Copper Assumed to be 102000 kg
Polyethylene HD Assumed to be 61200 kg

TABLE 3.48: ELECTRICAL MATERIALS QUANTITY TO RECYCLE

| Inputs description Value Units
Copper 0 kg
Polyethylene HD 0 kg

LOGISTICS DATA
TABLE 3.49: INSTALLATION PHASE INFORMATION

| Inputs description Value Units
Number of passengers on board 26 -
Fuel consumptions Assumed to be 5ooooo kg

TABLE 3.50: EXPLOITATION PHASE INFORMATION

| Inputs description Value Units
Number of passengers on board 20 -
Fuel consumptions Assumed to be 1000000 kg

TABLE 3.51: DECOMMISSIONING PHASE INFORMATION

| Inputs description Value Units
Number of passengers on board 26 -
Fuel consumptions Assumed to be 200000 kg

3.4.4.2 USER STORIES 2 AND 3

The information necessary to run the verification cases for User Stories 2 and 3 of ESA are givenin
Table3.52to Table 3.61:

SITE DATA
TABLE 3.52: FARM GENERAL INFORMATION
| Inputs description Value Units
Coordinates of the farm -124.26; 40.77 Decimal degrees
Project lifetime 20 -
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TABLE 3.53: AREA DESCRIPTION

Inputs description Value Units

Zone type Open water

Waterdepth 40 m
Main current direction (theta of the max mag) 214 °

Total surface area of the farm 282743 m2
Soil type Medium dense sand -

TABLE 3.54: INITIAL STATE

| Inputs description Value Units

Initial turbidity of the site 10 mg/|
Initial underwater noise Assumedtobe 124 dBrea1pPa
Initial electrical fields 0.000001 V/m
Initial magnetic fields Assumed to be 0.005 )
Initial temperature Assumedtobe 14 °C

TABLE 3.55: FISHING RESTRICTIONS

Inputs description
Considered fishery restriction

Complete prohibition

TABLE 3.56: PROTECTED SPECIES

| Inputs description Value Units

Endangered species Tursiops truncatus Mammals
TABLE 3.57: RECEPTORS

| Inputs description | Value Units
Hard substrate benthic habitat True -
Soft substrate benthichabitat False -
Particular habitat False -
Shallow diving birds True -
Medium diving birds True -
Deep divingbirds True -
Large odontocete Mysticete False -
Odontocete dolphins August, September, October -
Seals False -
Fishes True -
Bonyfishes True -
Magnetosensitive species True -
Electrosensitive species True -
Elasmobranchs True -

DEVICE AND FOUNDATIONS DATA
TABLE 3.58: DEVICE GENERAL INFORMATION

Inputs description Value Units

Type of technology WEC -
Floating True -
Number of devices 1 -
Coordinates of device 0,0 UT™M
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TABLE 3.59: DEVICE DIMENSIONS

(@)

Emerged height
Largest width 30 m
Largest length 30 m
Wet area 3048 m?
Dry area 561 m?2
TABLE 3.60: RESOURCES
| Inputs description | Value Units
Resource reduction Assumedto be 0.97 %
TABLE 3.61: ENVIRONMENTAL MEASUREMENTS AROUND DEVICES
| Inputs description Value Units
Measured noise dueto device installation Assumed tobe 126 dBre1pPa
Measured turbidity arounddevice 10 mg/|
TABLE 3.62: FISHERY RESTRICTIONS AROUND DEVICES
| Inputs description | Value Units
Fishery restriction surface around devices 282743 m?
TABLE 3.63: FOUNDATION INFORMATION
| Inputs description | Value Units
Footprint 32.27 m?2
Surface of colonisable part 468.8 m?
Measure noise around foundation Assumedtobe 129 dBre1uPa
ELECTRICALDATA
TABLE 3.64: ELECTRICAL GENERAL INFORMATION
| Inputs description | Value Units
Colonisable surface electrical part 0.0 m?
Footprint of electrical part 0.0
TABLE 3.65: INSTALLATION INFORMATION
| Inputs description Value Units
Collection point presence
Substation presence No -
Burial of cables Yes -
Fishery restriction surface around cables Assumedtobe 0.0 m?
Measured noise Assumedto be 124 dBre1pPa
Measured electrical field Assumed to be 0.08 mV/m
Measured magneticfield Assumed to be 0.038 puT
Measured temperature Assumedtobe 14.2 °C
TABLE 3.66: FISHING RESTRICTIONS AROUND CABLES
Inputs description Value Units
Fishery restriction surface around cables Assumedtobe 0.0 m?
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TABLE 3.67: ENVIRONMENTAL MEASUREMENTS AROUND CABLES

Inputs description Value | Units

Measured noise Assumed to be 126 dBre1pPa
Measured electrical field Assumedto be 0.08 mV/m
Measured magneticfield Assumed to be 0.038 pT
Measured temperature Assumedtobe 14.2 °C

LOGISTICS DATA
TABLE 3.68: INSTALLATION PHASE

| Inputs description Value Units

Number of vessels 3 -
Mean size of vessels 100 m
Measured noise Assumedto be 150 dBre1pPa
Measured turbidity 20 mg/!
Chemical pollutant - -

TABLE3.69: EXPLOITATION PHASE

| Inputs description Value Units

Number of vessels 2 -
Mean size of vessels 35 m
Measured noise Assumedto be 126 dBre1pPa
Measured turbidity 10 mg/!
Chemical pollutant - -

TABLE 3.70: DECOMMISSIONINGPHASE

| Inputs description Value Units
Number of vessels 3 -
Mean size of vessels 100 m
Measured noise Assumedto be 126 dBre1pPa
Measured turbidity 13 mag/!
Chemical pollutant - -
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4. ANALYSIS OF RESULTS

A Software Evaluation Form has been used to gather all the insights coming from the first round of
Verification Cases (VCs) by the technical verifier (EDP CNET). The same document has beenfilled by
the industrial partners, who performed the second round of VCs. A completed version of this
document, withthe information coming from boththe technical verifier and the industrial partners,
is available at the end of this report (Annexes Illand Ill). Inthis section, however, only the most relevant
informationwill be presented.

Four characteristics have been evaluated while running the VCs for the S tool, namely:

» Usability, which deals withthe high-level software experience.

» User-friendliness, to assesshow muchthe software is easy to use.
Performance and Accuracy, to determine the quality of results in terms ofaccuracy, robustness,
and performance for each one of the main functionalities (features) of the software.

» Value, to assess the value perceived bythe user.

The following subsections present the quantitative and qualitative results for each of the Assessment
tools. The pagination has been spaced to keep the similar results together as much as possible.

4.1 RUNNING THE VERIFICATION CASES: SPEY

411 QUANTITATIVE ASSESSMENT

A total of five organisations completed the verification process for the different features of the SPEY
tool (EDP, ENEL, BV, WES, and Sabella) and provided feedback by the Software Evaluation Form.
Figure 4.1 shows the average scores across the four categories of evaluation, highlighting an overall
satisfactionfrom usingthe tool, as allaverage scores arewithinthe range of3 to 5.
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FIGURE 4.1: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS

As can be seenin Figure 4.2, most of the participants of verification (84%) were satisfied with the
usability of the SPEY tool. The majority of (65%) the respondents agree orstrongly agree that the tool
is generally user friendly. More than 85% (in average) of the respondents considered that the tool
shows performance and accuracy. Around 80% of the users considered that the toolis valuable, w hile
the remaining 20% is undecided. A further analysis on the results is described in the following

sections.

Usability

User Friendliness

Performance & Accuracy

Value
| | | | |
o} 20 40 60 8o 100
] Percentage of scores in each category
W 1-Strongly disagree 2-Disagree 3-Undecided
4-Agree B 5-Strongly Agree

FIGURE 4.2: PERCENTAGE OF SCORES FOR THE FOURKEY CATEGORIES
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4.1.1.1 USABILITY

The following statements have beenassessed inthe Usability category.

TABLE 4.1: ASSESSED USABILITY CRITERIA
ID Statement
1.1 | The software isintuitiveand easy touse in general
1.2 | ltiseasytocreate and delete a 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 | | could completethe process withouterrors
1.7 | I amsatisfied 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 4.3 presents in the 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% 50% 100%

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

STATEMENT ID

1-Strongly disagree 2-Disagree
3-Undecided 4-Agree \\ _ MEAN
B 5-Strongly Agree e = = e MAX

1. 1.5
MIN

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

In view of the results (Figure 4.3), the users agree unanimously that the tool is easy to use and intuitive
(ID-1.1) as well as they find it very easy to create and deletea study (ID-1.2) and the users are satisfied
with the speed of computation (ID-1.7) and they are able to run the software without any issue (ID -
1.8). More than half of the users (80%) found the process of editing, saving, and exportinga Study (ID-
1.3) straightforward, and the same percentage could run the tool without any problem (ID-1.6). In
general, the process of inputting data (ID-1.4) is clear and efficient, while the remaining 40% is
undecided. More than half of the users (60%) find the results obtained meaningful and easy to
interpret and use (ID-1.5), while 40% ofthe users are undecided.

On average the users find the documentation and the training sessions led by the software developer
useful (8o%) (ID-1.9, see Figure 4.4).
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4.1.1.2 USER FRIENDLINESS

The following criteria in Table 4.2 were used for the User Friendliness category:

TABLE 4.2: ASSESSED USER FRIENDLINESS CRITERIA
ID Statement
2.1 | Theuserinterfaceissimple, easy tonavigate and well-organised
2.2 [ The userinterface looks professional

2.3 | ltresponds promptly to useractions (inputs, selections, clicks, ...)
2.4 | It providesthe userwithenoughhelp, indications and/or guidance throughout each process

2.5 | The meaning of each data input/user selectionis clear

2.6 | The meaning of each data outputisclear

2.7 | Visualisation of resultsis clear and informative

2.8 | The usercanadd furtherinformationto the Study through the interface

Figure 4.5 presents in the 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 T
2.2 I |
92.3 N A I O B
'_
g 2
S 2.5 -
E 2.6 Crrrrl
= 2.7 [ -
(%]
2.8 I I I B
1-Strongly disagree 2-Disagree
3-Undecided 4-Agree . .
5-Strongly Agree \\\ ,I e MEAN
b - o e MAX
2.5 MIN

FIGURE 4.5: DISTRIBUTION OF USERSCORES PER  FIGURE 4.6: MEAN, MAXIMUM, AND MINIMUM
USER-FRIENDLINESS STATEMENT SCORES PER USER-FRIENDLINESS STATEMENT

As can be seenin Figure 4.5, 80% of the respondents agree that the user interface is simple, easy to
navigate and well-organised (ID-2.1), whereas the rest are undecided. It can be said that the user
interface looks professional only for 40% of the users, while 20% of the users are undecided and 40%
disagree withthe statement ID-2.2. Similarly, foronly 40% of the users the tool responds promptly to
user actions, while the remaining 60% is undecided (ID-2.3). These last two areas could be seen as
areas of improvement for the tool. Only 40% 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 60%
is undecided. This also can be an improvement area for the next version. The meaning of each data
input/user selection and data output is clear for the users, with 60% of respondents agreeing with
statements ID-2.5and 80% agreeing with ID-2.6. The Visualisation of results is clear and informative

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 63 | 201




D6

6 DTOcean+

Testing and verification results of the Assessment Design tools — beta T —
version

according to respondents, with 60% agreeing with this statement (ID-2.7). The possibility of adding
further information to the Study through the interface (ID-2.8) leaves only 20% of the users

undecided, withthe remaining 80% ofthe respondents agree with this statement.

The
min
byt

spider diagram in Figure 4.6 highlights a significant difference between the maximum and
imum scores, whichmay be due to the different levels of experience with similar tools or datasets
he users from different companies.

4.1.1.3 PERFORMANCE AND ACCURACY

Before the quantitative analysis is important to state that the presented results are the outcome of
the test of eight different features ofthe tool. The statements presented on Table 4.3 were assessed

regardingthe Performance and Accuracy ofthe tool.

TABLE 4.3: ASSESSED PERFORMANCE AND ACCURACY CRITERIA

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 timeis adequateforthelevelof 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

STATEMENT ID

Figure 4.7 presents in the 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

min

3.1
3.2
33
34
35
3.6
37

FIG

imum values.
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B 5-Strongly Agree

URE 4.7: DISTRIBUTION OF USER SCORES PER FIGURE 4.8: MEAN, MAXIMUM, AND

PERFORMANCE AND ACCURACY STATEMENT MINIMUM SCORES PER PERFORMANCE AND

ACCURACY STATEMENT
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Figure 4.7 shows that unanimously the testers consider that the results are robust and not sensitive
to small changes of inputs (ID-3.1); the accuracy of results is acceptable considering the quality of
datainputs used (ID-3.3); the computationaltimeis adequate for the level of accuracy provided (ID-
3.5); 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. Around 30% are undecided ordisagree onthese
criteria (ID-3.6 and ID-3.7). 60 % considered that the results are credible and trustworthy while the
rest are undecided (20%) or disagree with this (20%) about this (ID-3.2). This was due also because of
atypo in the data provided that caused mistrust inthe software, while the responsibility relies onthe
bad quality of a specific piece of data. The accuracy of the results correspondsto the user expectation
for the stage ofthe technology maturity for 40% of the users, while the restis undecided (ID-3.4).

From the spider graph (Figure 4.8), it is possible to gauge that the mean, maximum and minimum
scores are balanced regarding the performance and accuracy ofthis tool, apart for criterion ID3-2.

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 65 | 201




D6.6 DTOcean+
Testing and verification results of the Assessment Design tools — beta e —

version

4.1.1.4 VALUE
The following criteria presented on Table 4.4 were assessed regarding the Value of the tool.

TABLE 4.4: ASSESSEDVALUE CRITERIA
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 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 recommendthe use of this software

Figure 4.9 presents in the form of stacked bars the 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.

4.1
9% OF SCORES 5oa
0%  20% 4%  60%  80%  100% N
. I I
o +* 4607 S 42
C 4.2 T I
é 43 rrirl 1 ]
0 44 RRRRR ’ |
= i 0
4.6 CCTTTTTTTT \ ‘
\ i
1-Strongly disagree * 2-Disagree 4.5 N < 4.3
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FIGURE 4.9: DISTRIBUTION OF USER SCORES FIGURE 4.10: MEAN, MAXIMUM AND MINIMUM
PERVALUESTATEMENT SCORES PERVALUE STATEMENT

Analysing Figure 4.9 itis possible to state that allthe users consider that the software allowsthe user
full control of the design process (ID-4.1). 60% agree that the tool produces results that allow easy
comparisons, while around 20% disagree on this and 20% is undecided (ID-4.2). For the range of
alternatives to create/assess technologies, all the users agreethat the tool providesa large range. (ID-
4.3). Only 20% of the users agree that the tool provides information about the internal processing
(e.g.remaining time, log), 20% disagree onthis and the remainingones are undecided (ID-4.4). 80%
of the respondents agree that the software meets their expectations in terms of results, graphical
options, interaction and functionality while the rest of them is undecided (ID-4.5). To conclude, most
ofthe users (80%) would recommendthe use of this tool (ID-4.6).
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Figure 4.10 shows that there are differences between the minimum (score 2) and maximum (score 5)
scores for the same assessment criterion that can be explained with different perspectives and
expectations ofthe respondents. The meanscoresare placed between3,2and 4, 4.

4.1.2 QUALITATIVE ASSESSMENT
4.1.2.1 OVERALL USER SATISFACTION

Generally, the feedback indicated that the toolis easy to use and straightforward to understand.
Overalluser satisfaction was coveredincomments suchas:

» Theoveralltoolis greatinterms of performancesand user friendliness; Generally, itis veryusable,
especially the clear lists of results split up into ‘Efficiency’, ‘Alternative Metrics’, ‘Energy
Production’and ‘Power Quality’.

Simple, clear, straightforward inthe management of the studies.

» Very quickand simple to use, input data and navigate eachresult.
» Excellent error checkingand validation

Comments from industrial partners which indicated improvements to the tool came under the
categories of:

General Remarks,

Performance and accuracy,

Usability,

User-friendliness, and

Value.

v v v v Vv

4.1.2.2 UNINTENDED MODULE PERFORMANCE

In general terms, the tools behaved as expected, however, the following “critical” aspects were
identified by some ofthe users:

1. The tool produced some “not realistic” results: namely, one of the efficiency parameters
calculated by the module SPEY gave a value greater than 1. However, it was identified the
source of the error, and it is not indeed in the tool itself, but such a behaviour was due to a
typo on the input data. However, it seems reasonable to add a further extra check on the
outputs of the SPEY module, warning the user that some unrealistic results have been
produced.

2. Intherenderingoftables, somemeaningless rows wereshown. We are not able toreproduce
this error, but we assume that this might be due to visualization errors, maybe because of the
browser used (Microsoft Edge and older are not recommended for the SPEY module of
DTOceanPlus).
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4.1.2.3 PROPOSALS FOR IMPROVEMENT

GENERALREMARKS
The verifiers have identified the following areas ofimprovement interms of general remarks:

1.

The inputs required are not always very clear. It would be beneficial to include some “tooltip”
as done for the outputs in orderto fully understand their meaning and guide the user properly.
It is not evident moreoverwhich a are the optional and the required inputs.

The overallaspect ofthe toolis not very professional and it would be worthimprovingit.
Formatting of numbers is unfriendly, as several decimal digits are currently shown, it would
be better to show just a number of significant digits.

PERFORMANCE AND ACCURACY
The verifiers have identified the following areas of improvement in terms of performance and
accuracy:

1.

Severaltypos have beenfound that should be corrected: in the description of variables, inthe
windows for uploadingfiles, in the error message dialogboxes, etc....

In severalfigures the label of the x-axis in the diagrams should be correctly shown.

Add more metrics interms of Power quality, e.g. the array irregularity of produced power for
energy storage estimation.

Make the toolwork at different levels of complexity.

The windows for inputting data form other modules should be correctly identified with a
specific title.

Inform the user when a chartis not available for visualisation.

In renderingthe tables, sometimes some meaningless rowswere shown (it was identified by
the users but we were not able to reproduce this error) and this should be avoided.

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

1.

N

3.
4.
5.
6.
7.
8.
9.

After running a simulation, it would be useful to be addressed directly to the page of outputs
ofhaving a buttonto go directly.

The user should be able to input only the data that he/she has available for each module, as
right now the user can choose which module data to input, but he/she wants to include a
module, he/she has to provide the full stack of data.

After deleting a study, the correspondingid should be set to “null”.

Use”.” as decimal separator.

The export DR functionality is obscure.

In standalone, the input loading has some redundancy and this should be avoided.

Add temporaryloadingscreens while the back-end is finishing calling the routes.

Change name of the Edit Button, as only change name and description of the study.

Some users are not familiar withthe json format for exporting the files.
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10. Some users would prefer a more customised input number tool, for example not increasing
by one orusing aslider.

11. The template for the files to input should be available.

12. Some extra material for training should be available, even if the training session was in
general very good.

USERFRIENDLINESS

The users provided their ideas about improvements also in terms of user friendliness. Note that in
some cases, the users provided the same comments both in terms of Usability, and for this reason
they have beenomitted here.

The visualisation of the results should be improved.

A brief introduction about what the tools does should be beneficial.

The tooltip sign should be graphically improved.

When uploading files, there is a bug that even if the filename is correctly displayed, the
content was not actually uploaded.

Aprogressionbar showingwhichare the *module” data that the user filled could be useful.

;> WoN P

o v

Abug about the tooltip system was identified.
Machine characterisation inputs are too much “wave energy” oriented, they should be
tailored for the purpose.

VALUE
In terms of “value”, the users proposedto add a feature for comparing different studies.

413 IDENTIFYING AND SOLVING INCONSISTENCIES

The feedback of the industrial partners and the technical verifier were extremely useful in order to
provide animproved SPEY tool when preparing the beta version.

We expect to implement most of the improvements suggested by the verifiers (high priority
improvements, in Table 4.5); however, there are some others that, even if it would be useful to
implement, very probably they won't be implemented due to lack of time (lower priority
improvements Table 4.6). Finally, there are some others that cannot be implementedbecause either
they are not in the scope of the module SPEY (they are in the scope, for example of the main
application) or because we are not able to reproduce the bug or because they are independent from
the SPEY developers (see Table 4.7).
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TABLE 4.5: HIGH PRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF SPEY

Issue
The inputsrequiredare notalways very clear.

Resolution
Atooltip will be addedfortheinputs, and it will be
specified if they are mandatory ornot.

Formattingof numbersis unfriendly, as several
decimal digits are currently shown,

We will reduce the number of significant digits when
displaying numbers.

Typos

Typos will be corrected

Labelling of axesin figures

Correct labels forx axes of figures will be included

The windows forinputtingdata form other
modules shouldbe correctly identified with a
specific title.

Atitle will be added for each dialogbox

Inform the userwhen achart is notavailable for
visualisation

The userwill be infoormedwhena chart isnot
available with the text “Not Available”

Afterrunning asimulation, it would be useful tobe
addressed directly to the page of outputs of
having abuttontogo directly

This will be implemented

Afterdeleting a study, the correspondingid should
be setto "null”

This will be implemented

Add temporary loading screens while the
back-end s finishing callingthe routes

This will be implemented

Change name of the Edit Button, as only change
name and description of the study

This will be implemented

The template forthefilesto inputshould be
available

Templates will be provided and explained

Some extra material fortraining should be
available

More training material will be ready soon.

Abriefintroduction about what the tools does
should be beneficial

This will be implemented

The tooltip signshouldbe graphically improved

This will be implemented

When uploadingfiles, there is a bug that evenif
the filenameis correctly displayed, the content
was not actually uploaded.

This will be implemented

TABLE 4.6: LOWER PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OFSPEY

Issue
Add more metricsin terms of Power quality

Resolution
It could be useful to include more metrics in terms of
Power Quality, but at the moment such
implementationis uncertain due totime constraints.

Make the toolwork at differentlevels of
complexity

Sofar, the tool already works with less or more dats;
the classificationfor Complexity Levels will be done
if there isany available time.

Inrendering the tables, sometimes some
meaningless rows were shown

This will be implemented if we are able to reproduce
the issue and understand the reason why for this
behaviour
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Issue

The usershould be ableto input only the datathat

he/she has available foreach module

Resolution

Thisis afeature onlyforstandalone; The user has

already the possibility to select which module to
work with; so, if they do not have the full stack of
datafora module, they should nottakeinto
considerationto use data from that module

"o

Use”."” as decimal separator

This seemsto be already solved

1.In standalone, the input loading has some
redundancy and this shouldbe avoided

Furthervalidation of data will beincluded if thereis
time.

Some users are not familiar with the json format
forexporting thefiles.

We can think of exporting the results in XLS format,
ifthereistime

Some users would preferamore customised input
numbertool, forexample notincreasingby one or
using aslider

We can think of switching to another widgetif there
istime

A progression bar showing which are the *module”
datathat the userfilledcould be useful

Thiswill be done if thereistimeto implement it

TABLE 4.7: ISSUES THATWILL NOT BEIMPLEMENTED IN THE BETA VERSION OF SPEY

Issue

The overall aspectofthetoolis not very
professional and it would be worthimproving it.

Resolution and Explanation
why it will not be implemented
Thisis something that has something to dowith the
aspect of the global toolset of DTOceanPlus suite of
tools, and decision will be takenby the Consortium.

The export DRfunctionality is obscure

This will be implemented at a more general level

Abug about the tooltip systemwas identified

Thisis aproblem dependingon the library we are
using. We will fix it if there are solutions available

Machine characterisationinputs are too much
“wave energy” oriented, they should be tailored
forthe purpose.

Evenin standalone, the inputs of SPEY are
consistentwith the standalone version of MC; for
this reason, we will discuss with the developer of MC
tosee ifthereis margintoimplement it.

Comparing different studies

Thisis something that has something to dowith the
aspect of the global toolset of DTOceanPlus suite of
tools, and decision will be taken by the Consortium
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4.2 RUNNING THE VERIFICATION CASES: SLC

4212 QUANTITATIVE ASSESSMENT

A total of 6 organisations completed the verification process for the different features of the SLC
module of the Assessment Design Tools (UEDIN, ESC, Tecnalia, OMP, Sabella and EGP) and provided
feedback by the Software Evaluation Form. Figure 4.11 shows the average scores across the four
categories of evaluation, highlighting an overall satisfactionfromusingthe tool, as allaverage scores
are within the range of 3to 5.
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4,50 4,09 423
4,00
3,50
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EVALUATION CATEGORIES

M1 USABILITY B2 USER-FRIENDLINESS 3. PERFORMANCE AND ACCURACY 4. VALUE

FIGURE 4.112: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS

As can beseen in Figure 4.12, around 70% of the participants were satisfied with the usability of the
SLC tool. A minority of the evaluators considered that the tool is not user friendly (20%) and 35%
remained undecided. More than75% of the respondents considered that the tool shows performance
and accuracy. Nearly 60% ofthe users considered that the toolis valuable, while the remaining ones
were undecided (~25%), or donot agree with this (~15%). A further analysis onthe resultsis described
in the following sections.

Usability
User Friendliness .

Performance & Accuracy

Value _
| | [

o] 20 40 60 8o 100
Percentage of scores in each category
B 1-Strongly disagree [ 2-Disagree 3-Undecided
4-Agree B 5-Strongly Agree

FIGURE 4.12: PERCENTAGE OF SCORES FOR THE FOUR KEY CATEGORIES
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4.2.1.1 USABILITY

The criteria presented on Table 4.8 have beenassessedinthe Usability category.

TABLE 4.8: ASSESSED USABILITY CRITERIA
ID Statement
1.1 | The software isintuitive and easy touse in general
1.2 | ltiseasytocreate and delete a 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 | | could completethe process without errors

1.7 | | amsatisfied with the overall speed of computation

1.8 | The software can be run frommy computer without any issue

1.9 | Thetraining sessions and documentation are useful forlearning how touse the software

Figure 4.13 presents inthe form of stacked bars the user scores per eachstatement listedabove. 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 FIGURE 4.14: MEAN, MAXIMUM, AND
PERUSABILITY STATEMENT MINIMUM SCORES PER USABILITY
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In view of the results (Figure 4.13 and Figure 4.14), all the evaluators agree or strongly agree that SLC
module is easy to use and intuitive (ID-1.1) as well as the majority of them strongly agree that is easy
to create and delete a study (ID-1.2). About ease of edit, export, and save a Study (ID-1.3) and the
efficiency of data inputting (ID-1.4) half of the testers agreed with it, while the other half remained
undecided.

Regarding statement (ID-1.5) find the results obtained meaningful and easy to interpret and use, more
than 65% of the users were undecided and the rest agreed or strongly agreed with it. On the
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completion of the process without errors (ID-1.6) the two thirds of the evaluators managed to do it
and strongly agreed with this while the rest of them remained undecided. The computational speed

(ID-1.7) was unanimously satisfactory (all the participants were satisfied or strongly satisfied with it)
and almost 85% ofthe users managed to run ofthe software with any issue (ID-1.8), while the others
remained undecided.

More than half of the users found the documentation and the training sessions led by the software

developer useful (ID-1.9).

4.2.1.2 USER FRIENDLINESS

The criteria presented on Table 4.9 have beenassessedinthe User Friendliness category.

ID
21

The userinterfaceis simple, easy tonavigate and well-organised

TABLE 4.9: ASSESSED USER FRIENDLINESS CRITERIA
Statement

2.2

The userinterface looks professional

2.3

It responds promptly to user actions (inputs, selections, clicks, ...)

2.4

It providesthe user withenoughhelp, 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 results is clearand informative

2.8

The user can 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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As can be seen in Figure 4.15, more than 80% of the respondents agree that the user interface is
simple, easy to navigate and well-organised (ID-2.1), whereas the rest are undecided. It can be said
that the user interface looks professional only for 50% of the users, while around 33% of the users are
undecided and more than 16% disagree with the statement ID-2.2. One third of the users the tool
responds promptly to user actions, while another third is undecided and the remaining one disagree
onthis statement (ID-2.3). Only 16% of the users say that the tool providesthe user with enough help,
indications and/or guidance throughout each process (ID-2.4), while 50% were undecided and the
remaining ones disagree onthis. This can be an improvement area for the next version. The meaning
of each datainput/user selectionand data output s clear for most ofthe users, with more than 60%
of respondents agreeing with statements ID-2.5 and 50% agreeing with ID-2.6. For the visualisation
of results being clear and informative and the possibility of adding further information to the Study
through the interface, one third agreed with it while 50% were undecided and the other respondents
disagree withthese statements (ID-2.7and ID-2.8).

The spider diagram in Figure 4.16 highlights a significant difference between the maximum and
minimum scores, which may be due to the different levels of experience with similar tools or datasets
by the users from different companies.

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 75 | 201




D6.6 DTOcean+

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

4.2.1.3 PERFORMANCE AND ACCURACY

The criteria presented on Table 4.10 have been assessed in the Performance and Accuracy of the
module.

TABLE 4.10: ASSESSED PERFORMANCE AND ACCURACY CRITERIA
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 4.17 presents in the form of stacked bars the user scores 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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FIGURE 4.17: DISTRIBUTION OF USER SCORES PER FIGURE 4.18: MEAN, MAXIMUM, AND
PERFORMANCE AND ACCURACY STATEMENT MINIMUM SCORES PER PERFORMANCE
AND ACCURACY STATEMENT

Figure 4.17 shows that more than 80% of the testers considered that the results are robust and not
sensitive to small changes ofinputs (ID-3.1) and the accuracy of results is acceptable considering the
quality of data inputs used (ID-3.3) the others remained undecided; the computational time is
adequate for the level of accuracy provided (ID-3.5) — more than 80% of the testers strongly agreed
with this; 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. Around 30%are undecided or disagree on
these criteria (ID-3.6 and ID-3.7). Two thirds considered that the results are credible and trustworthy
while the rest are undecided about this (ID-3.2). The accuracy of the results corresponds to the user
expectation for the stage of the technology maturity for more than 80% of the users, while the restis
undecided (ID-3.4).
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From the spider graph (Figure 4.18), it is possible to gauge that the mean, maximum and minimum
scores are balanced regarding the performance and accuracy of this module.

4.2.1.4 VALUE

The criteria presented on Table 4.11 have beenassessedinthe Value ofthe module.

TABLE 4.11: ASSESSED VALUE CRITERIA
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 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 recommendthe use of this software

Figure 4.19 presents inthe form of stacked bars the user scores per each statement listed above. The
sameresults are presented in Figure 4.20 using a spider chart, to highlight the mean, maximum and
minimum values.
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Analysing Figure 4.191it is possible to state that the majority of the users considered that the software
allows the user full control of the design process (ID-4.1), while around 16% remained undecided.
More than 60% agree that the tool produces results that allow easy comparisons, while around 20%
disagree on this and 20% is undecided (ID-4.2). For the range of alternatives to create/assess
technologies, 60% of testers considered that the tool provides a large range. (ID-4.3). Two thirds of
the users agreed that the tool did not provide information about the internal processing (e.g.
remainingtime, log), while the remainingones are undecided (ID-4.4). 50% of the respondents agree
that the software meets their expectations in terms of results, graphical options, interaction, and
functionality while the rest of them is undecided (ID-4.5). To conclude, all the users would recommend
the use ofthis tool (ID-4.6).
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Figure 4.20 shows that there are differences between the minimum (score 2) and maximum (score 5)
scores for the same assessment criterion that can be explained with different perspectives and
expectations ofthe respondents. The meanscoresare placed between2and 4,5.

4.2.2 QUALITATIVE ASSESSMENT

This section presents feedback from both technical and industrial verifiers, gathered from their
Software Evaluation Forms. Commentshave been grouped under three main categories: Overalluser
satisfaction, Unintended tool performance, and Proposals forimprovement. The aim of this sectionis to
guide the path forimprovement of the System Lifetime Costs (SLC) module.

4.2.2.1 OVERALL USER SATISFACTION

Generally, the feedback indicated that overall, the toolis valuable, clear, accurateand fairly intuitive.
However, the users highlighted that the tool did notprovide enough help, indications and/or guidance
throughout each process, and that it did not look professional yet. According to the comments
received, the following can be said about the overall user satisfaction:

In general, the toolis clear, and fairly intuitive.

Regardingthe inputting data process, itis easy and efficient in general.
The toolruns very fast, so does not need a progressstatus.

The logic of the toolis straightforward and easy to use.

v v v v Vv

Results were as expected.

4.2.2.2 UNINTENDED MODULE PERFORMANCE

In general terms, the tools behaved as expected. However, two unexpected problemswere identified
by some ofthe users:

1. Somebuttons were sometimes unresponsive (because the hyperlink was onthe text and not
onthe button). This problem was fixed.

2. Changing input values using the GUI sliders led to very large increments. This problem will be
addressed.

4.2.2.3 PROPOSALS FOR IMPROVEMENT

Comments and suggestions from technical and industrial partners were grouped into the following

categories:

» Improvements onthe formattingand wording of headers, buttons, large numbers, and correction
oftypos.

» Improvements inthe user experience while introducing inputs into the GUI through:

= The implementation of colour codes (green when inputs have been successfully filled) and an
input progress bar.

= Validationofinput files uploaded by the user.

* The implementationof detailed warningand error messages to assist inidentifying the source
oferrors.
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= 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.
= |mprovingthe input fields, changing the increment changes and number of decimals.

» Improve visualisationand handling of outputs:

= Improve presentation ofrresults.

= Provide contextual helpand guidance in respect to generated outputs: “what next?”.
= |mplement plots to simplify the visualisation of certain outputs (e.g. the cashflows and payback

times).

» Implement functionalities that were not available at the time of the verification process:

= Ability to compare different studies.
= Exportfunctionality.

= Ability to change the project stage for benchmark analysis.

= Implementa “otherannual costs” to the userinputs.

4.2.3 IDENTIFYING AND SOLVING INCONSISTENCIES

The feedback of the industrial partners and the technical verifier were extremely useful in order to

provide animproved SLCtoolwhen preparingthe beta version.

We expect to implement most of the improvements suggested by the verifiers (high priority

improvements, in Table 4.12); 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 4.13). Finally, there are some others that cannot be implemented because either they are notin

the scope ofthe module SLC (they are in the scope of the main application), as shownin Table 4.14).

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

Issue
The inputsrequiredare notalways very clear.

Resolution
Atooltip/help buttonwill be added fortheinputs,
and it will be specifiedif they are mandatory or not.

Rename complexity levels from “low”, *mid”,
“high” to 1,2,3 for consistency with other modules.

This will be implemented

Review Formattingand wording of headers,
buttons, large numbers, and correction of typos.

This will be implemented

Formattingof numbersis unfriendly, as several
decimal digits are currently shown.

We will reduce the number of significant digits when
displaying numbers.

Change name of the View/Edit Button, as only
change name and description of the study.

This will be implemented

Sometimes unresponsive buttons.

This will be corrected

Improve warning messages (in case of missing
files) and implement personalized error messages
when introducingwrong files

This will be implemented

Implement the option toexportthe study

This will be implemented

Change buttonname from "Validate"

This will be implemented

Create pop-up button with further information
about eachinput (e.g. FIT, FIT years, typical

This will be implemented withmouse hover
information icons
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Issue
ranges of discount rate). Would be good to
describe how it will probably affect the results

Resolution

Show filled inputsin redor green depending
whetherthey have beenfilled or not (or other type
of indication)

This will be implemented

Do not allow Payback Periods to take negative
values (in case of extreme Grant, e.g.100M¢€)

This will be corrected

Difficultyin introducingdecimal values in the input
fields

This will be corrected

ReduceFIT and surface thickness incrementsto
decimals

This will be implemented

Not able to remove a FIT once introduced

This will be corrected

Describe what device structural costsincludes

This will be implemented

Reformat grant value to show thousands (it's easy
to add the wrong number of zeros)

This will be implemented

Show warning and error messages foralonger
time duration

This will be implemented

Inthe report page, it is worth also displaying the
complexity level, below the Name of the study &
description

This will be implemented

Present results (economicand financial) as tables
instead of text.

This will be implemented

Make BOM neater, resizing tablestonottruncate
text. Omitparameters from the BOMthat will not
be shown at CPX1. Ensure consistency between
CAPEX and CapEX. Formatlarge numbers.
Implement suband grand totals.

This will be corrected

Present guidance to the userin respect to what
outputs mean (e.g. the projectis unprofitable)

This will be implemented

Cost over LCOE do notsum to 100% (99.9%).

Thisis due to rounding errors. To be implemented.

Implement an additional input field called “other
annual cost” to take into consideration OPEX costs
such asinsurances, etc.

This will be implemented

Ability to change the project stage for benchmark
analysis.

Thishasbeen corrected.
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TABLE 4.13: LOWER PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OF SLC

Issue
Manipulatingaslider couldbe betterthanthe +/-
buttons, adding 1 unit per click.

Resolution
We can think of switching to another widget if there
istime

Adapting the stepsto the expected valuesfrange
of values could be good (100 unit steps whenthe
input magnitude is expectedto be around 1000 for
example).

We can think of a systematic approach if there is
time.

It would also be nice tohave thescopetoaddina
contingency on topof the other cost elements to
deal with optimism bias etc.

We willimplementthisif thereistime.

Implement commentary boxes foreachinputto
allowthe userto add furtherinformationsuch as
source of data

We canthink of thisif thereistime.

Lockinput of projectlifetime in case AEPis
introduced? Otherwise request average AEP?

We willimplement thisif thereis time.

Allow userto edit/update individual external files
afterhaving left the External input page

We willimplementthisif thereistime.

Join output pagesintoasingle one

We willimplement thisif thereis time.

Representresults (e.g. Cashflows, Payback Time)
graphically

We willimplementthisif thereistime.

Provide guidance on how tointerpretthe results
and the ‘What next question'.

We willimplementthisif thereistime.

Freeze top row of Bill of Materials while scrolling

We willimplement thisif thereis time.

Implement progress bar.

We willimplement thisif thereis time.

TABLE 4.14: ISSUES THATWILLNOTBE IMPLEMENTED IN THE BETA VERSION OF SLC

Issue

The overall aspectof thetool is not very
professional and it would be worthimproving it.

Resolution and Explanation
why it will not be implemented

This hasto do with the aspect of the global toolset

of DTOceanPlus suite of tools, and decision will be
taken by the Consortium.

The export DR functionality is obscure

This will be implemented at a higherlevel

Comparing different studies

Thisis something that has something to dowith the
aspect of the global toolset of DTOceanPlus suite of
tools, and decision will be taken by the Consortium

Left hand panelis notintuitive

This hasto do with the aspect of the global toolset
of DTOceanPlus suite of tools, and decision will be
taken by the Consortium.
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4.3 RUNNING THE VERIFICATION CASES: RAMS

4.3.1 QUANTITATIVE ASSESSMENT

A total of 6 organisations completed the verification process for the different features of the RAMS
module (EDP, FEM, Idom, OMP, Sabella, WavEC) and provided feedbackby the Software Evaluation
Form. Figure 4.21 shows the average scores across the four categories of evaluation, highlighting an
overallsatisfactionfromusingthe tool, as allaverage scores are withinthe range of 3to 5. Figure 4.22
gives an overview of the users’ satisfaction with the RAMS module.
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FIGURE 4.212: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS

Usability

User Friendliness

Performance &
Accuracy

0 20 40 .60 80 100
Percentage of scores in each category

Value

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

FIGURE 4.22: PERCENTAGE OF SCORES FOR THE FOUR KEY CATEGORIES
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4.3.1.1 USABILITY

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

TABLE 4.15: ASSESSED USABILITY CRITERIA - RAMS
ID Statement
1.1 | The software isintuitive and easy touse in general

1.2 | ltiseasytocreate and delete a 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 | | could completethe processwithouterrors

1.7 | | amsatisfied 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

The overview is shownin Figure 4.23 and Figure 4.24.

Basically, all the users give a positive feedback to most of the evaluation items in the feature
“Usability”. All the users strongly agree or agree with the statementsin ID-1.1, ID-1.2, ID-1.6, ID-1.8
and ID-1.9. Five users strongly agree or agree with the statementsiniD-1.3and ID-1.7.

The lower scores (2~3) are given to ID-1.4 and ID-1.5, especially ID-1.4. They (two of six users) may
think the process of inputting data is not very clear and efficient, which should be improved.
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FIGURE 4.23: DISTRIBUTION OF USER SCORES PER FIGURE 4.24:MEAN, MAXIMUM, AND
VALUESTATEMENT MINIMUM SCORES PER VALUE STATEMENT
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4.3.1.2 USER FRIENDLINESS

The following statements have been set as criteria for assessing the RAMS tool in terms of the User

Friendliness category:

ID
2.1

TABLE 4.16: ASSESSED USER FRIENDLINESS CRITERIA -RAMS
Statement

The userinterfaceis simple, easy tonavigate and well-organised

2.2

The userinterface looks professional

2.3

It 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/userselectionis 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

The overview is shownin Figure 4.25 and Figure 4.26.
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FIGURE 4.25: DISTRIBUTION OF USER SCORES PER
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FIGURE 4.26: MEAN, MAXIMUM AND
MINIMUM SCORES PERVALUE
STATEMENT

All the users strongly agree or agree that the user interface is simple, easy to navigate and well-
organised (ID-2.1).

67% of the users strongly agree or agree that: the tool responds promptly to user actions (inputs,
selections, clicks, ...) (ID-2.3), the meaning of each data output is clear (ID-2.6) and Visualisation of
results is clear and informative (ID-2.7), while the others do not decide or disagree.

50% of the users agree that: the tool provides the user with enough help, indications and/or guidance
throughout each process (ID-2.4) and the meaning of each data input/user selectionis clear (ID-2.5),

while the others do notdecide or disagree.

33.3% of the users agree that: the tool provides the user interface looks professional (ID-2.2) and the
user can add further informationto the Study throughthe interface (ID-2.8), while the others do not
decide ordisagree.
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4.3.1.3 PERFORMANCE AND ACCURACY

The following statements have been set as criteria for assessing the RAMS toolin terms of the

Performance and Accuracy.

TABLE 4.17: ASSESSED PERFORMANCE AND ACCURACY CRITERIA -RAMS
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

The overview is shownin Figure 4.27 and Figure 4.28.
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FIGURE 4.27: DISTRIBUTION OF USER SCORES PER FIGURE 4.28: MEAN, MAXIMUM, AND
VALUESTATEMENT MINIMUM SCORES PERVALUE STATEMENT

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 computationaltime is adequate for the level
ofaccuracy provided (ID-3.5) and the software can handle errors without crashing (ID-3.7).

83% ofthe users strongly agree or agree that: results are robust and not sensitive to small changes of
inputs (ID-3.1) and the software did not suffer from any sort of data shortage/lack of memory during
the test (ID-3.6), while the others do not decide.

50% of the users agree that: results are credible and trustworthy for the audience (ID-3.2) and the
accuracy ofresults correspondsto the user expectation for the stage of technology maturity (ID-3.4),
while the others do not decide.
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4.3.1.4 VALUE

The following statements have beenset as criteria for assessingthe RAMS toolinterms ofthe Valuve.

TABLE 4.18: ASSESSED VALUE CRITERIA - RAMS
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 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 recommendthe use of this software

The overview is shownin Figure 4.28 and Figure 4.30.

83% ofthe users strongly agree or agreethat: the user would recommend the use of this software (ID-
4.6), while the others do not decide.

50% of the users agree that: the software allows the user full control of the design process (ID-4.1);
the tool produces results that alloweasy comparisons (ID-4.2); the user is informed about the internal
processing (e.g. remaining time, log) and warned about potential inconsistencies (ID-4.4), while the
othersdo notdecide or disagree.

33% of the users agree that: the tool provides a large range of alternatives to create/assess
technologies (ID-4.3); the software meets my expectations in terms of results, graphical options,
interaction, and functionality (ID-4.5), while the others do not decide or disagree.
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FIGURE 4.29: DISTRIBUTION OF USER SCORES PER FIGURE 4.30: MEAN, MAXIMUM, AND
VALUE STATEMENT MINIMUM SCORES PER VALUE STATEMENT
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4.3.2 QUALITATIVE ASSESSMENT
4.3.2.1 OVERALL USER EXPERIENCE

Generally, the feedback indicated that the toolis easy to use and straightforward to understand.

The industrial partners have had somecomments onimprovement of the RAMS tool, with only major

comments summarized as follows. See the details of the industrial partners in Annex|L.

» Basically, the industrial partners find difficulty in understanding the probabilistic analysis,
especially reliability, maintainability, and survivability assessments.

» Thehierarchy in jsonformatis difficult for new users to understand; it is suggested to use the excel
formatinstead.

» Details regarding the technical explanation can be added to DT OP-documentation to help the
users understand the background.

4.3.2.2 UNINTENDED MODULE PERFORMANCE

Generally, the RAMS module behaves as expected. Few errors related to reliability assessment
encountered by one user were caused by misunderstanding of the inputs.

4.3.2.3 PROPOSALS FOR IMPROVEMENT

GENERALREMARKS
The verifiers have identified the following areas ofimprovement interms of general remarks:

» It was not clear what changes from CPX1 to CPX3 in RAMS. Maybe it is suggested to hide the
“expert inputs” in the maintainability section of the survivability page, as it will probably be too
complexfora simple userin cpxi.

» Is the project duration affecting anything else other than the Maintainability parameter? What
happens if the user introduces an input file from LMO with 20 years but when creating a
new study, he introduced a different number ofyears?

P Itisexpected thatthere would be far less inputs coming from the user, and more coming from the
othertools.

USABILITY

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

» It would be more intuitive if the input and output displays are distinguished via colour coded or
separated panel.
The functionality to export the study cannot be found.

» Inthe standalone mode, the jsonformatis really hard to use for anewcomer.

» For the graphical representation of the result, it would be helpful if the unit of time to failure is
displayed. Other graphics also need to display the unit.

» Forthe componentreliability, the decimal value canbe rounded upto reasonable decimal value.
Error message whenintroducing the wrong hierarchy in the wrongplace (e.g. ET instead of ED) is
areally nice to have.

» Nameofdeviceis partially hidden.
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USERFRIENDLINESS
The verifiers have identified the followingareas ofimprovement interms of user friendliness:

» Some descriptive examples of the input data would be better to illustrate what is looked for and
required.

» Some indication of how inputs are likely to affect the outputs would also be useful to show how
sensitive the outputs are to inputs.

» The userinputs reset between changing tabs, canlead to mistakes.

» Display the currentstatus in the page (waiting inputs, computing step/evolution, finished), the
brief popups are easy to miss.

» The plots are nice, but there is no way to visualise and export the numerical results.

» Need more detail inthe meaning ofthe output variables.

» System availability could be presented under another format. It is found that bars are not really
informative, as there were only two - identical - values to show.
Minor changes of formatting, writingwords infull etc., will give a professionallook.
Persistent warningmessage when computations have been calculated is important, especially for
tools withlong computationtimes.

PERFORMANCE AND ACCURACY

The verifiers have identified the following areas of improvement in terms of performance and
accuracy:

» Given thatthe user has nottried the simulation with significant number of cycles, atthe moment
it is not possible to evaluate the accuracy of the simulation, and a real time to compute the results
viaa Monte-Carlo analysis.

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

» Thecomparisonbetween studiesdidn’t look direct, the usermustcollect the results independently
and then compare them.

» Indications onhow much ofthe calculation has been done (for reliability in particular, as the status
of calculationsis not displayed, and the wuser is still allowed to manipulate
inputs, manipulation which may be prevented so that the user keeps control on inputs and avoid
wrong manipulations).

4.3.3 IDENTIFYING AND SOLVING INCONSISTENCIES

The industrial partners and the technical verifier have issued comments and recommendations on
improvingthe RAMS module. Some ofthese comments and recommendations are clearly point out
the drawbacks of the RAMS functionalities, which should be addressed/ fixed in the beta version. High
priority is given to the actions takento address/fixthese drawbacks summarizedin Table 4.19. There
are some comments and recommendations which make sense to improve the RAMS functionalities
to some extent. However, these comments and recommendations summarized are not related to the
critical functionalities. Low priority is givento the actions which would or would not be implemented,
depending upon the timeline. Low-priority actions are summarized in Table 4.20. No action will be
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takento fix the issues related to the remaining comments and recommendations, as summarizedin
Table 4.21.

TABLE 4.19: HIGH PRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF RAMS

Issue Resolution

It would be more intuitive if the input and output
displays are distinguished via colour coded or
separated panel.

The visualization of the outputs will beimproved.

For the graphical representation of the result, it
would be helpful if the unit of time to failure is
displayed. Other graphics also need to display the
unit.

The units of the outputs will be added.

For the component reliability, the decimal value
can be rounded upto reasonable decimal value.

This will be implemented.

Name of deviceis partially hidden.

This will be modified.

The user inputs reset between changing tabs, can
lead to mistakes.

This will be checkedand fixed.

Display the current status in the page (waiting
inputs, computing step/evolution, finished), the
brief popups are easy to miss.

The pop-up messages will beimproved.

Need more detail in the meaning of the output
variables

Explanations of the outputs will be added.

System availability could be presented under
another format. It is found that bars are not really
informative, as there were only
two - identical - valuestoshow.

This will be improved.

Minor changes of formatting, writing words in full
etc., will give a professional look.

The format will be improved.

TABLE 4.20: LOWER PRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OF
RAMS

Issue
The functionality to export the study cannot be
found.

Resolution
Thisfunctionality would be implemented, if the time
allows.

In the standalone mode, the json format is really
hard to use foranew comer.

This functionality of importing excel-formatted
hierarchies would be implemented, if the time
allows.

Error message when introducing the wrong
hierarchy in the wrong place (e.g. ET instead of ED)
isa really nice to have.

This functionality would be implemented, if the time
allows.

Some indication of how inputs are likely
to affect the outputs would also be useful to show
how sensitive the outputs are toinputs.

This functionality would be implemented, if the time
allows.

The plotsare nice, butthereis no way to visualise
and export the numerical results.

The plots would beimproved, if the time allows.
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Issue Resolution
Given that the user has not tried the simulation
with significant number of cycles, at the moment it
is not possible to evaluate the accuracy of the
simulation, and a real time to compute the results
viaa Monte-Carloanalysis.

Redis queue, a synchronised approach, will be
implementedto solvethisissue.

Indications on how much of the calculation has
been done (forreliability in particular, as the status
of calculationsis not displayed, and the user is still | A progress bar might be addedto indicate the
allowed to manipulate inputs, manipulation which | assessment progress, if the time allows.

may be prevented so that the user keeps controlon
inputs and avoid wrong manipulations)

TABLE 4.21: ISSUES THAT WILL NOTBEIMPLEMENTED IN THE BETA VERSION OF RAMS
lssue Resolution and Explanation

why it will not be implemented
Persistent warning message when computations
have been calculated is important, especially for
tools with long computationtimes.
The comparison between studies didntlook direct,
the usermustcollecttheresultsindependently and | Thisis the way how RAMS is designed.

then compare them.

The current pop-upmessage boxcan alertthe user
tothe full extent.
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4.4 RUNNING THE VERIFICATION CASES: ESA

4.4.2 QUANTITATIVE ASSESSMENT

Atotal of 5 organisations completed the verification process for the different features of the ESA tool
(OMP, Sabella, WES, ESC & EGP) and provided feedback by the Software Evaluation Form. Figure
4.31 shows the average scores across the four categories of evaluation, highlighting an overall
satisfactionfrom usingthe tool, as allaverage scores arewithin the range of3to 5.
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FIGURE 4.31: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS

As can be seenin Figure 4.32 most of the participants of verification (~80%) were satisfied with the
usability of the ESA tool. The majority of (56%) the respondents agree or strongly agree that the tool
is generally user friendly. More than 9o% (in average) of the respondents considered that the tool
shows performance and accuracy. Morethan70% of the users considered that the toolis valuable. A
further analysis onthe results is described in the following sections.

| | | | | | |
U sability
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Perfermance & Accuracy _
value H
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Percentage of scores in each category
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FIGURE 4.32: PERCENTAGE OF SCORES FOR THE FOURKEY CATEGORIES
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4.4.1.1 USABILITY

The following statements have beenset as criteria for assessingthe ESA toolinterms ofthe Usability
category.

TABLE 4.22: ASSESSED USABILITY CRITERIA
ID Statement
1.1 | The software isintuitive and easy touse in general

1.2 | ltiseasytocreate and delete a Study
1.3 | ltiseasyto edit, save and exporta Study
1.4 | The processof inputting datais clearand efficient

1.5 | Resultsare meaningful, easy tointerpret anduse
1.6 | | could completethe processwithouterrors

1.7 | | amsatisfied 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 4.33 presents inthe form of stacked bars the user scores per eachstatement listedabove. The
same results are presented in Figure 4.34 using a spider chart, to highlight the mean, maximum and
minimum values.
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FIGURE 4.33: DISTRIBUTION OF USER SCORES PER FIGURE 4.34: MEAN, MAXIMUM, AND
USABILITY STATEMENT MINIMUM SCORES PER USABILITY

STATEMENT

The results show that users agree unanimously that the tool is easy to use and intuitive (ID-1.1) as
users can easily create and delete a study (ID-1.2), are satisfied with the speed of computation (ID-1.7)
and are able to run the software without any issue (ID -1.8).

The process of editing, saving and exporting a Study (ID-1.3) is also easy for more than half of the
users (80%), and all users were able to run the tool without any problem (ID-1.6). 80% of the users
found the process of inputting data (ID-1.4) clear and efficient, and the same number find the results
obtained meaningful and easy to interpret and use (ID-1.5).

On average the users find the documentation and the training sessions led by the software developer
useful (60%) (ID-1.9).
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4.4.1.2 USER FRIENDLINESS

The following statements have been set as criteria for assessing the ESA tool in terms of the User
friendliness category.

TABLE 4.23: ASSESSED USER FRIENDLINESS CRITERIA
ID Statement
2.1 | The userinterfaceissimple, easy tonavigate and well-organised

2.2 | The userinterface looks professional
2.3 | Itresponds 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 outputisclear

2.7 | Visualisation of resultsis clearand informative
2.8 | The usercanadd furtherinformationto the Study through the interface

Figure 4.35 presents in the form of stacked bars the user scores per eachstatement listedabove. The
sameresults are presented in Figure 4.36 using a spider chart, to highlight the mean, maximum and
minimum values.
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FIGURE 4.35: DISTRIBUTION OF USER SCORES PER FIGURE 4.36: MEAN, MAXIMUM, AND
USER-FRIENDLINESS STATEMENT MINIMUM SCORES PER USER-FRIENDLINESS
STATEMENT

Allofthe respondents either agree orstrongly agree that the userinterface is simple, easy to navigate
and well-organised (ID-2.1). The user interface looks professional for over 60% of the users, with
around 16% of users disagreeing with this - statement ID-2.2. For over 80% of the users, the tool
responds promptly touser actions, while the remainingdisagree (ID-2.3). Around 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 disagree, therefore this alsocan be animprovement area for the
next version. Ensuring that the meaning of each data input/user selection and data output is clear for
the users canalso be anarea ofimprovement, as over 80% of respondents are undecided or disagree
with statement ID-2.5 and only 50% agree with ID-2.6. The Visualisation of results is clear and
informative according to respondents, with 100% of the respondents agreeing with this statement
(ID-2.7). Most of the respondents were undecided regarding statement (ID-2.8) - about the possibility
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of adding further information to the Study through the interface, signifying that it is not possible or
not relevant for this module.

The spider diagram highlights a significant difference between the maximum and minimum scores,
especially for statements ID-2.2 to 2.6, which may be due to the different levels of experience with
similartools or datasets by the users from different companies.

4.4.1.3 PERFORMANCE AND ACCURACY

The following statements have been set as criteria for assessing the ESA tool in terms of the
Performance & Accuracy category.

TABLE 4.24: ASSESSED PERFORMANCE AND ACCURACY CRITERIA
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 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 4.37 presents in the form of stacked bars the user scoresper eachstatement 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 MINIMUM SCORES PER PERFORMANCE

AND ACCURACY STATEMENT

As canbe seenfrom Figure 4.37 and Figure 4.38, the ESAtools shows consistency in performance and
accuracy, with no user disagreeing with any of the statements shown in Table 4.24. Over 80% of
testers consider that the results are robust and not sensitive to small changes of inputs (ID-3.1). All of
the users agree or strongly agree that the results are credible and trustworthy (ID-3.2); the accuracy
ofresults 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
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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). Around 70% of users
strongly agreed that the software can handle errors without crashing (ID3-7), with 30% undecided,
highlighted there may have beensome problemswiththe tool crashing during the verificationtasks,
which should be addressedinthe next version. From the spider graph, itis possible to gauge that the
mean, maximum and minimum scores are balanced regarding the performance and accuracy of this
tool.

4.4.1.4 VALUE

The following statements in Table 4.25 have beenset as criteria for assessing the ESA toolin terms of
the Value category.

TABLE 4.25: ASSESSED VALUE CRITERIA
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 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 recommendthe use of this software

Figure 4.39 presents inthe form of stacked bars the user scores per each statement listed above. The
same results are presented in Figure 4.40 using a spider chart, to highlight the mean, maximum and
minimum values.

% OF SCORES

41 1 O I
o 42 N T O I
é ’ LLb e M EAN
g - . - MAX
& 45 TTTTTTITT] MIN
4 IR
1-Strongly disagree 2-Disagree 3-Undecided 4-Agree W 5-Strongly Agree
FIGURE 4.39: DISTRIBUTION OF USER SCORES PER FIGURE 4.40: MEAN, MAXIMUM, AND
VALUE STATEMENT MINIMUM SCORES PER VALUE
STATEMENT

Figure 4.39 shows half the users agree that the software allows the user full control of the design
process (ID-4.1), while all users agree or strongly agree that the tool produces results that allow easy
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comparisons (ID-4.2). For the range of alternatives to create/assess technologies, over 60% of the
users agree that the tool provides a large range. (ID-4.3). Only 20% of the users agree that the tool
provides information about the internal processing (e.g. remaining time, log) and potential
inconsistencies (ID-4.4), therefore, it is a feature to improve in the next version. All the respondents
agree that the software meets their expectations in terms of results, graphical options, interaction
and functionality (ID-4.5), and would recommend the use ofthis tool (ID-4.6).

Figure 4.40 shows that there are not significant differences between the minimum (score2) and
maximum (scores), except for statement ID4-4, where some users were not able to access easily
informationonthe tool processingtime.

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
experience, Unintended module performance, and Proposals forimprovement. The aim of this sectionis
to guide the path forimprovement ofthe Environmental and Social Acceptance (ESA) module.

4.4.2.1 OVERALL USER EXPERIENCE

Generally, the feedback indicated that the Environmental and Social Acceptance (ESA) module is
straight forward to use andrelatively intuitive to fillout. 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:

» In general, the ESAmoduleis perceived as clear, neat, and professional. Itis intuitive and easy to
use with meaningful and easy to interpret results. The software canbe easily run, and the overall
computation speed is satisfactory.

» While the user interface is simple, easy to navigate and well-organized, the users had difficulties
to understand some inputs and their meanings and some of the outputs. It was highlighted that
the ESA module should give the user moreguidance and help throughout each process. This issue
will be addressed by addinga help buttonto each parameterto describeitand alink to a manual
will be available for more information.

» Generally, the quality of results is high as judged by all users in terms ofaccuracy, robustness and
performance. For some results, such as “Environmental Impact Assessment” results, users lack
guidance for interpretation of the result’s values and what actions/suggestions are to implement
in relationto the obtained values. More explanation willbe added to the EIA outputs page and link
to background manualto better understandthe results.

» The software produces results allowing easy comparisons between scenarios, but the user is not
informed enough about the internal processing and does not have full control of the design
process. However, the users highlighted that there is a clear indication of list of input sections and
output sections.

Overall, the users felt that the module was useful and easy to use but needed some ameliorations and
clarifications. Several suggestions were providedto improve the ESA module’suser interface design
to be completer and more informative (see section 4.4.2.3).
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4.4.2.2 UNINTENDED MODULE PERFORMANCE

In general terms, the tools behaved as expected. However, the following unintended errors in the

module’s performance were identified by someofthe users:

» Someusers detected thatthe host server was down, and it prevented them from accessing
the module. These issues originated from the host server and not the ESA module itself.

» Problem detected with resolution with text that seem to overlap. This occurred when using
laptop screenbut not when using bigger screen. The module is coded for two sizes of screen
and it will be improved.

4.4.2.3 PROPOSALS FOR IMPROVEMENT

GENERAL REMARKS
The verifiers have identified the following areas ofimprovement interms of general remarks:

»

The welcome page looks cleanand professional. It was suggested to remove some double text and
an exclamation mark.

The home page needs to have a contextual description that precises what the tool is about and
what should users expect as outputs.

The exported report could possibly include the inputs of the user such as the Longitude/latitude/
site data, etc.

Some formatting enhancements were proposed such as limiting the values to 2 decimals after the
zero, addingicons where necessary, formatting text size etc.

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

»

The software is intuitive and easy to use in general, butit could be worthwhile addingsome help
functionality to make the walkthrough easier. Users suggested some enhancements such as
letting the user enter the name of the study when they are defining the complexity level and
standalone/integrated mode. Also, once the site data have been entered, it is not very intuitive
what the user has to do- the next page is the input summary page. This page could use some
contextual guidance to let the user know what to do.

Regardingthe process of inputting data, the case VCa — complexity level 1: it was not as obvious to
know ifthe lat/longwere the only data required to runthe ESA. It might be worth clarifying this for
the user. Also, some moreexplanation of what the parameters meaninthe GUI would be useful.
When deleting a study, it could be good askingthe user for confirmation before deletinga study.
When a projectis created, there should be a ‘Name’ option straight away, instead of having to click
on‘Save as’to name it which is notintuitive.

Regarding results, the EIA results are not explained until you click “Detailed Results’ which is not
an easy button to find — it would be good to have more explanation of the numbers in the actual
GUL.

The training session was good and informative but there was a lack of description in the
documentation, it was also formatted suchthat not very easy to follow. Would have been helpful
to have had notes saying that there is no data to input for certain options and explaining the
ramifications or what the difference in output would be if no data putin.
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USER-FRIENDLINESS
The verifiers have identified the followingareas ofimprovement interms of user-friendliness:

»

In general, the users highlighted that the software is easy to move through. Itis very user friendly
and the results are well thought out. There could be a bit more information as the user is inputting
the data.

User guidance/ help is missing. Althoughthe toolis clear, it does not give much help or contextual
descriptionif required. Althoughthe units are provided as you hover over the cells, it is not sure if
this will be obvious to all the users. More guidance and explanations required for the user to
understand the language used withinthe tool.

The meaning of each data input is not always clear. Some specific explanations were highlighted
by the verifiers. Enhancement can also be added for some outputs. For instance, the EIA output
scale is probably the best solution to present such qualitative data and compare studies, but the
scores are not really easy to understand for someone who did not took time to read training
materials and deliverables, and it may require further guidance.

Thereis a certain clunkiness to the interface, could do with some better formattingto make look
more professional.

PERFORMANCE AND ACCURACY
The verifiers have identified the following areas of improvement in terms of performance and
accuracy:

Study Management

»

Anindicationalongthe top banner which project you're in would be helpful.

Inputs:collection

4

Coordinate ofthe farm: Might be worthaddingontop ofthe Longitude/latitude field the ‘title’.
Some typos and formattingissues (font size) to correct were highlighted by users.

It is very easy inputting data but they may be some room for adding a small help function or
example pop up so a user can understand what they are putting in. Forinstance, there should be
definitions for each parameter e.g. ‘Turbidity’ — explanation of what these terms mean.

Outputs:collection

>

Some typos and formatting issues (font size) to correct were highlighted by users. A glossary for
abbreviations could be useful.

Might be worthaddinganexplanationif say EIA Scaleis -15 or -25 what does that mean?

Some additional explanations are needed for the outputs. Worth adding contextual guidance to
supportuser.

For Carbon Footprint outputs, the references are taking a big chunk of the page. They should
definitely be moved to a pop-upwindow or add a help sectionthat can be expanded/collapsed on
the Right-hand side of the page. It would also be interesting to find a way to show sensitivity of
results to asingle parameter (e.g. inthe results page for carbonfootprint, beingallowed to select
installation emissions due to fuel consumption, and being given the information that changing the
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current value for fuel consumption to a new one will modify total greenhouse emissions for the
project by X %)

For Social Acceptance outputs, a contextual guidance could explain to the user what the results
mean. For instance, in VC2-RM3, outputs show zero values. Are these values zero because the
inputs were not provided or because this are the correct results of the analysis? Seem strange to
have zero cost of consentingand zero number of vessel crew.

The presence of harmful or toxic substances contained inthe WEC such as: lube oil, hydraulic oil or
other and relevant risk of leakage or spill. This aspect could be linked to FMEA and evaluated
environmental risk.

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

4
4

The software should have more contextual descriptionand help/ glossary.

The useris notinformed about the internal processinghowever, there is a clear indication of list of
input sections and output sections.

Regarding resource used and associated environmental impact, it would be appreciated to be
given the possibility to add materials, and their characteristics, or edit current characteristics, in
caseit canprovide more accurate valuesfor the specific material/process.

4.4.3 IDENTIFYING AND SOLVING INCONSISTENCIES

TABLE 4.26: HIGHPRIORITY IMPROVEMENTS TO BEIMPLEMENTED IN THE BETA VERSION OF ESA

Issue Resolution

Remove thetextand exclamationmarkin the This will be implemented

picture in the welcome page

Add a contextual descriptionof the tool in the This will be implemented

module home page

Let the userenterthe name of the project when Aboxtoname the project will be added when

he defines cmpl and mode complexity and mode are defined

Add some guidancetothe useronthetype of data | Descriptionon what each complexity level refers to

necessary foreach cmp and the required inputs will be added to guide the
user

Ask confirmationwhenuserwantsto deletea This will be implemented

project

Add a previous page button This will be implemented

Add ago backbutton wheninthesummaryinput | Thiswillbe implemented
page or propose a button foreach incomplete

page

Indication along the top banner which project you | The name of the project will be displayed at the top
are in would be helpful of each page

Add explanation infoon each parameter in the Help button will be added to each parameter with
GUI small description andlink to a manual formore

information
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Issue

Labelling the boxes with permanentlabels would

work betterthan the hoverover

Resolution

Will add units label nextto input boxes instead of

hoverover

Use the same cell size fortitle head andcolumn
width

This will be implemented

Score could be rounded

Resultswill be rounded to2 decimals

Format could bereduced tofitin1linein EIA
results

This will be implemented

Suppressthe hoveroptionon run module since
there isjust an empty space

This will be implemented

Add bracketsto definedabbreviations

This will be implemented

Typos

Typos will be corrected

Betterhave another colourforthe message that
appearsto highlightthat everythingis fine (Use
success variable in bootstrap)

This will be implemented

ForEIA, more explanation is necessary tobetter
understand scoring system

More explanation will be added to the EIA section
results and links to manuals

Correct columnsin ElAresults, which are
redundant

ElAresultstab will be reviewed

No information if materials notimplemented

Precision will be added whenno data are providedin
the materials section

"actual project” is a confusinglabel, use the name
of the projectwould be better

The name of the project will be used in the CFP
graphs

In CFP section, change name othertechno/eneries
to otherenergy sources/technologies

This will be implemented

Add explanations onwhat LCA stands for and the
ISO standards, assumptions of DTOceanPlus

Will add a short description on LCA and linkto
background manual for more information

In social acceptance section, not clearif ‘o’ mean
nodataorthat'o’isthe result

"no data" will be displayedin the case of no data

Put the referencesin CFP resultsto a pop-up
windows orin ahelp section

References will be hidden; user will have the
possibility to have accesstothemif needed

Add glossary for abbreviations

Ashort description of the features will be added to
each results page with definition of abbreviations
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TABLE 4.27: LOW PRIORITY IMPROVEMENTS TO BE IMPLEMENTED IN THE BETA VERSION OF ESA
Issue Resolution

Add section breakstoensure titleand sectionare | Thiswill be implemented in the export file

on the same page of thereport

Addthe DTOcean+ logo inthe headerof the This will be implemented in the export file

report

Adapt the titles of EIA results sections for more Changesin namesin EIA section will be changed if

specific ones there isenough time

No commentary box available This will be implemented if thereisenough time

Include theinputsin the export report This will be implemented in the export fileif thereis
enough time

Adapt size, font to screen size The module is codedfortwo sizes of screen and it
will be improved if thereis enough time

Add glossary for abbreviations Anindependent glossary of all abbreviations of the
module will be available to the userand accessible
from any page of the moduleif time allows

TABLE 4.28: ISSUES THATWILL NOTBE IMPLEMENTED IN THE BETA VERSION OFESA

Resolution and Explanation
why it will not be implemented

Issue

No information on toxic substances contained in This will not be included inthe beta versionduetoa
the WEC (lube oil, hydraulic oil) lack of time but will be considered in future
development of thetool

Would be goodto be given the possibilitytoadd | Thiswill not be included in the betaversionduetoa

materials and characteristics to materials lack of time but will be considered in future
development of thetool

Social acceptanceis not detailedas the other This feature will be extendedin future development

pages

Visual impact could be an important matterin Thiswill not be included in the betaversionduetoa

social acceptance lack of time but will be considered in future

development of thetool
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5. CONCLUSIONS

The objective of Task 6.7 was to carry out the testing of the Assessment Designtools inorder to verify
that it meets all the previously defined requirements (in WP2 [3] and T6.1 [1]). The verification task
has shownthat each of the Assessment Design Tools:

» responds correctly toavaried set ofinputs,

» performsits functionsin an acceptable time and reasonable use of computational resource,
» is adequateinterms ofusability, and,

» is verified against controldata.

The following actions were completed as part of the verificationand 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.

Creationofa task list of changes that could improve the tools to improve performance.

v v v v v Vv

A stable beta version of each of the Assessment Design Tools is now available. Additionally, a first
draft of the technical and user manuals that will be delivered alongside the final version of the tools
has beenwrittenand are included as Annex | to this report.

Accordingto the quantitative results, the end-usersinvolvedinevaluatingthe tools were, ingeneral,
satisfied withthe usability, user-friendliness, performance, and value ofthe software. The qualitative
assessment feedback highlighted severalimprovements that should be made to the tools. From this,
some of the improvementshave been categorised as high priority tasks, that will beimplemented in
the final release of the DTOceanPlus suite of designtools.

The next steps in the development of the Assessment 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 Assessment tools will be obtained as part of the work planned in WP7, which
aims to validate the suite of tools using real-world demonstration scenarios.
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7- ANNEXI: USER MANUAL

This annex provides an overview ofthe 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 documentationfor eachmodule. The maindocumentation will cover areas including installing
and running the tools; use cases and user journeys, including linkages between the various parts of
the suite; and how to manage projects and studies.

To provide a dynamic and useful documentation system for the DTOceanPlus suite of tools, it is
proposed that this will be developed with a linked hierarchical structure that can be viewed in a
browser or exported as a document format as required. The documentation will follow an established
system?s, splitinto four main areas preceded by a brief overviewofthe functionalities and workflow:

» Tutorialsto give step-by-stepinstructions onusingthe toolfor new users.

» How-to guides that show how to achieve specificoutcomesusing the tool.
An explanation of features and calculation methods gives technical background on how the tool
works, to give confidence inthe tools.

» The APIreference section documentsthe code of modules, classes, API, and GUI.

The documentation will be produced using the Sphinx Python Documentation Generator26.

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 train the
partners for the verification activities described in the main report. The explanation of features and
calculation methods will be based on the comprehensive details outlined in the alpha-version
deliverables. Finally, the APl reference section will document the code of the modules, basedonthe
code docstrings writtenalongside the module code.

The results of the verification activities will be used to improve the documentation, for example the
tutorials and/or how-to guides couldbe added or improved to address any shortcomings identified or
feedbackreceived.

For reasons of brevity, the content from the alpha version deliverables and code docstrings will not
beincluded in this annex but will be published alongside the final software at the end ofthe project.

15 The Documentation System, https://documentation.divio.com/
6 Sphinx Python Documentation Generator https://www.sphinx-doc.org/en/master/
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7.2 SYSTEM PERFORMANCE AND ENERGY YIELD (SPEY)

The System Performance and Energy Yield (SPEY) module will compute a set of dimensionless and
dimensional parameters forassessing the behaviourof the ocean energy system (wave or tidal energy
farm, device, or subsystem) for energy production, power quality, alternative metrics, and efficiency.

7.2.2 OVERVIEW OF SPEY FUNCTIONALITIES

The System Performance and Energy Yield (SPEY) module will:

» Compute several dimensionless (Efficiency) and dimensional (Alternative Metrics) parameters,
given the technical design of the ocean energy plant and the power production of the different
subsystems, at different level of aggregation (array and device level) and facilitate the visualisation
ofthese outputs to the user.

P Estimate the Energy Production at different level of aggregation (array and device level)
accounting for the probabilistic distribution of the downtime throughout the life of the project,
within different timescales (lifetime of the plant, annual and monthly energy production) and
facilitate the visualisation of these outputs to the user.

» Showresultsin terms of Power Quality (Reactive vs Active power to the grid and as outputs per
device) obtained by technical modules.

7.2.2 WORKFLOW FOR USING THESPEY MODULE

The workflow for using the System Performance and energy Yield Module canbe summarised as
1) create a study, 2) provide inputs, 2) runthe assessment, and 3) view the results, asshown next.
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~
eAssigna titleanda description to the study
J
*Machinecharacteristics N\
eSite characteristics
eHydrodynamicinteractionresults (Energy Capture) *
eTransformation results (Energy transformation) *
eOnshoredelivery (Energy delivery) *
eDowntime hours (Logistics and Marine operation) * )
~
eRun the assessment
J
)
sView results of theassessmentin tablesanddiagrams
eExporttheresultsinfiles
J

FIGURE 7.12: WORKFLOWOFSPEY INSTANDALONE MODE

7.2.3 OVERVIEW OF SPEY DATA REQUIREMENTS

This sectionsummarises the types of input data required to runthe System Performance and Energy
Yield module. Full details and data specifications are giveninthe how to guide on preparing data.

The required and optional inputs to runthe module are summarisedinthe tables below. Note that in
integrated mode, all the required inputs will all come from other modules. The inputs have been
grouped as for the modules they should come from in integrated mode. Of course, in standalone
mode, they all come from the user. Asummary ofthe required inputsisin Table 7.1.

TABLE 7.1: SUMMARY OF INPUTS

Group of Inputs Parameter
Machine characterisation o Technology:
o Rated Power
@ Mass
o Wetarea
o CharacteristicLength
Site Characterisation o Annual Average Energy Flux Tidal [(for tidal energy devices)

s Annual Average Energy Flux Wave (for wave energy devices)
o Lease areaextension.

o Monthly Wave Scatter Diagram (for wave energy devices)

s Current Monthly Scenario (fortidal energy devices)
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Group of Inputs Parameter

Energy Capture o Numberofdevices
@ Array Annual Captured Energy Production
o Array g-factor
o Device Annual Captured Energy Production
s Device g-factor
Energy Transformation & Array Annual Transformed Energy Production
o Device Annual Transformed Energy Production
s Device Active Transformed Power
s Device Reactive Transformed Power
Energy Delivery o Array Annual Delivered Energy Production
o Total Lengthof Cables
o Export Cable Length
o Onshore active Power persea state
o Onshore reactive Power per sea state
Logistics and Marine Operation s Project Life
o Downtimehours perdevice, per month, peryear

7.2.4 SPEY TUTORIALS

7.2.4.1 CREATING ANEW SPEY STUDY IN STANDALONE MODE

Once logged into the server, the next step is to create a new study within the SPEY 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
thatall users work onindependent studies and are not editing the same study at the same time.

1. Inthe left menu, select'SPEY Studies’ and click ‘Create SPEY study’.
2. Fillinan appropriate name and descriptionto identify your study (see Figure 7.2).

Create a SPEY study

Name RM1

Description Case sludy for OEE Workshop

FIGURE 7.2: HOWTO CREATEA SPEY STUDY
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3. Click ‘create’to save these inputs and returnto the list of studies.

4. From the list of studies, click ‘Open’ to start working on a study by redirecting the user to
inputs page, ‘Edit’ to change the name or description, or ‘Delete’ to permanently remove a
study. If the status of a study is 100% (which means that the assessments where calculated
and finalised), two other buttons are active: ‘Results’, which leads directly to the outputs
pages and ‘Export DR’, in order to export a jsonfile with the SPEY contribution to the Digital
Representation ofthe project.

The user canalso clickon'Open’ for a study that has been already completed and fully calculated. The
user will be redirected to the inputs page, also in this case, in case he/she wants to change some oif
the inputs.

[Note that this tutorial will be updated once studies are centrally managed, but this reflects the current
version of the tool.]

7.2.4.2 INSERTING INPUTS AND RUN A SPEY STUDY

The inputs view is like the one in Figure 7.3.

SPEY / SPEY Studles Current Speyld: 10
o -

Input Selection

Machine Characterisation The selected MC study is User-Defined
Site Characterisation The selected SC study /s User-Defined
Energy Capture The selected EC study is User-Defined
Energy Transformation The selected ET study is User-Defined
Energy Delivery The selected ED study is User-Defined

Logistics and Marine Operation planning The selected LMO studly is User-Defined

FIGURE 7.3: INPUTS VIEWOF THE SPEY MODULE.

The inputs, in the standalone mode, have been categorised in 6 groups, namely reproducing the
modules that the user should have beenrunning if he/she was workingin integrated mode: Machine
characterisation, Site Characterisation, Energy capture, Energy Transformation, Energy Delivery,
Logistics and Marine Operation planning. The only two sets of data that are mandatory are those
pertinent to Machine Characterisation and Site Characterisation (in this ord er). All the other sets of
data are optional. All these sets of data are optional; however, if the user must input all the data
required for a specific set.
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By clicking to the green buttons, a form will appear to the user (see for example Figure 7.4). For the
description ofthe data requirements for each set, see the How-to-guide at Section7.2.5.1.

Input Data

Annual Average Energy Flux Tidal [kWim)
Annual Average Flux Wave [kWim]
Lease area extension [km*2]

Monthly Wave Scatter Diagram

Current Monthly Scenarii ENEELRETETTIET

FIGURE 7.4: EXAMPLE OFINPUT FORM (E.G. SITE CHARACTERISATION DATA)
Once that the user has filled the data required to calculate the assessments, he/she can click on the

buttonRun if the study was not run anytime before; if this is not the case, the green button Run will
be deactivated and the user can click on Update and Re-Run orange button.

7.2.4.3 EXPLORING THE RESULTS
If SPEY has run successfully, the user canvisualise and export the results.

The results are presented ina view as the one in Figure 7.5.

=i SPEY / SPEY Studies Current Speyld: 10 .
¢ Save Data
Inputs
Parameter Units Value & Level of Aggregation
Device Montihy Net Energy ratiof . device
Device Montihy Net Energy@® KWh device
Device Montihy lost Energy ratiofy - device
Device Montihy Lost Energy@ KWh device
Device Montihy Gross Energy@® KWh device
Device Lifetime Net Energy ratiofy - device
Device Lifetime Net Energy@ kWh device

FIGURE 7.5: EXAMPLE OF OUTPUTS VIEW IN SPEY MODULE.
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The user can visualise the outputs of one specific assessment by clicking on the dedicated tab
(Efficiency, Alternative Metrics, Energy Production and Power Quality). The user can therefore
visualise the outputs as well as the inputs required for a specific assessment by clicking on
Outputs/Inputs tab. A friendly description of each parametercan be shown by approaching the cursor
to the icon next to the parameter name. The different columns will show:

(1) Parameter: the parametername
(2) Units: the units ofthe parameter
(3) Value: the actual value ofthat parameter.

Additionally, allthe Outputs have the following:

(4) LevelofAggregation: it could be array or device, ifthe metrics has been calculated at array or
devicelevel.

Finally, the outputs of Power quality, Alternative metrics and Efficiency have also the column:

(5) View: to view a diagram of parameter with respect to the device number or the sea state
number.

For eachassessment, the inputs and the outputs could be exportedin JSON format by clickingon the
‘Save data’ button.

The fields Parameter and Level of Aggregation are sortable when present. The fields Level of
Aggregation and Value are filterable: the former, withrespect to ‘array’ or ‘device’; the latter, based
if an assessment has been calculated or not. By default, only the calculated assessments are visible.

7.2.5 SPEY HOW-TO GUIDES

7.2.5.1 HOW TO PREPARE DATA FOR USING THE SYSTEM PERFORMANCE AND ENERGY
YIELD MODULE

This guide summarises the datarequirements and specifications for running the System Performance
and Energy Yield in standalone mode.

MACHINE CHARACTERISATION DATA (MANDATORY)
All the data needed for the Machine Characterisation datamust be input via the GUI (see Figure 7.6)
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B
Input Data

Technology
Rated Power [kW)
Mass [kg]

Wet Area [m*2]

FIGURE 7.6: MACHINE CHARACTERISATIONINPUTS FORTHE SPEY MODULE.

Technology: is adropdownmenu, the user canchoose between Wave and Tidal
Rated Power [kW]: the user can type the rated power of the prime mover

Mass [kg]: the user cantype the mass ofthe prime mover

Wet area [m?]: the user cantype the wet area of the prime mover

v v v v Vv

Characteristic Length [m]: the user cantype the characteristic length of the prime mover.
In case of tidalturbine, this is represented by the rotor diameter.

SITE CHARACTERISATION DATA (MANDATORY)
All the data needed for the Site Characterisation data mustbe input partially directly via the GUI and
by uploadinga support file (see Figure 7.4).

The data consistin:

» Annual Average Energy Flux Tidal [kW/m?2]: activated only in case of tidal energy devices, the
user can type the annual average flux of the site.

» Annual Average Energy Flux Wave [kW/m2]: activated onin case of tidal energy devices, the
user can type the annual average flux of the site.

P Leaseareaextension [km?2]: the user can type the value of the extension of the lease area of
the site.

» Monthly Wave Scatter Diagram (for wave energy devices) and Current Monthly Scenario (for
tidal energy devices): the user is asked to upload an excel file. The structure of such a file is
the same bothfortidaland wave cases, as shownin Figure 7.7.
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January
February
March
April

May

June

July
August
September
October
November
December

0.270
0.270
0.270
0.270
0.270
0.270
0.270
0.270
0.270
0.270
0.270
0.270

0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040

DTOcean+

FIGURE 7.7: STRUCTURE OF THE FILE FOR UPLOADING THE MONTHLY WAVE SCATTER DIAGRAM
(WAVE ENERGY DEVICES) AND THE CURRENT SCENARII MATRIX (FOR TIDAL ENERGY DEVICES)

The name ofthe rows are fixed: ‘id’, ‘January’, ‘February’, ‘March’, ‘April’, ‘May’, ‘June’, *July’, *August,
‘September’, ‘October’, ‘November’, ‘December’. The user should add as many columns as the
number of sea (wave or tidal) conditions he/she wants to examine. Each sea state is identified by an
incremental integer. The values inthe remaining cells corresponds tothe monthly occurrence of each

seastate.

ENERGY CAPTURE DATA (OPTIONAL)
The data required interms of Energy capture are optional. However, as mentionedin Section 7.2.4, if
the user decides to include the set of data corresponding to Energy capture, the full stack of data is
required (no partialinput is permitted). Data must be input via the GUI and via file (see Figure7.8)

Input Data

Number of devices

Array Annual Captured Energy Production [kWh]

Array g-factor [-]

Device Captured Energy

FIGURE 7.8: ENERGY CAPTURE INPUTS FOR THE SPEY MODULE.

The data consistin

» Numberofdevices: the user cantype the number ofdevices inthe array.
» Array Annual Captured Energy Production [kWh]: the user can type the value of the annual
total energy productioninthe array.

» Array g-factor: the user cantype the g-factor of the whole array.

» Device Captured Energy: the user can upload an Excel file. The structure for this file is shown

in Figure 7.9.
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A B C
1 |id Annual Captured Energy [kWh] g-factor
2 1 3930570.80 1
3 2 3918916.51 1
4 3 3659166.76 1
5 4 3042552.03 1
6 5 1749501.41 1
7 6 950385.76 1
8 7 2200704.71 1
9 8 3994573.72 1
10 g 4465244.96 1
11 10 4593879.71 1

12
FIGURE 7.9: STRUCTURE OF THE FILE FOR UPLOADING THE DEVICE CAPTURED ENERGY

In this case, the names ofthe Columns are fixed: ‘id’, ‘Annual Captured energy [kWh]' and ‘q-factor’.
The user must include as many rows as the number of devices, identifying each of them by an
increasing integer an adding the corresponding value for the energy production of the device and the
g-factor.

ENERGY TRANSFORMATION DATA

The datarequired interms of Energy transformation are optional. However, as mentioned in Section
7.2.4, if the user decides to include the set of data corresponding to Energy transformation, the full
stack of datais required (no partial input is permitted). Data mustbe input via the GUland via file (see
Figure 7.10)

Input Data

Array Annual Transformed Energy Production 32551826.8¢

[kKWh]
Device Transformed Energy

FIGURE 7.10: ENERGY TRANSFORMATION INPUTS FOR THE SPEY MODULE.

The data consistin

» Array Annual Transformed Energy Production [kWh]: the user can type the value of the
annual total energy productioninthe array.

» Device transformed Energy: the user can upload an Excel file. The structure for this file is
shownin Figure 7.11.
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A B C D

id Annual Transformed Energy [kWh] Active Power per Sea State [kW] Reactive Power per Sea State [kw]
3927196.006 [19.5266272189349,114,0,587.0:[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
3935597.923 [19.5266272189349,114,0,121.8:[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
3619125.719 [19.5266272189349,180,0,0,328. [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
3029591.214 [22.7810650887574,114,0,265.8:[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
1800110.703 [29.8816568047337,114,434.782 [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
1042537.859 [54.1420118343195,114,27.1739 [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
2210404.313 [22.7810650887574,0,172.10144 [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
3953802.077 [22.7810650887574,0,172.10144 [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

4436912.3 [19.5266272189349,0,271.73913 [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
4596548.722 [19.5266272189349,0,172.10144 [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

D00 = v LN s Wl =
(Y= +.- I NI = RN, R R U T S

—
—
=
]

FIGURE 7.12: STRUCTURE OF THE FILE FOR UPLOADING THE DEVICE CAPTURED ENERGY

In this case, the names of the Columns are fixed: ‘id’, ‘Annual transformed energy [kWhY’, ‘Active
power per Sea State [kW] and ‘Reactive power per Sea State [kW]'. The user must include as many
rows as the number of devices, identifying each of them by an increasing integer an adding the
corresponding value for the energy production of the device, and a list of the active/reactive power
per sea state. The length of these lists is the same ofthe number of sea states considered.

ENERGY DELIVERY DATA

The data required interms of Energy delivery areoptional. However, as mentioned in Section 7.2.4, if
the user decides to include the set of data corresponding to Energy delivery, the full stack of data is
required (no partialinput is permitted). Data must be input via the GUI and via file (see Figure 7.12).

Input Data

Array Annual Delivered Energy Production [KWh] 31738031.17
Total Length of Cables [m] 426.36
Export Cable Length [m] 1561.19

Power Delivery

FIGURE 7.12: ENERGY DELIVERY INPUTS FORTHE SPEY MODULE.

The data consistin:

» Array Annual Delivered Energy Production [kWh] : the user can type the value of the annual
total energy productioninthe array.

» TotalLength of Cables [m]: the user can type the total length of cables
Export Cable Length [m]: the user can type the length of the export cable(s).

Power Delivery: the user can upload an Excel file. The structure for this file is shownin Figure
7.13.
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A B C
1 |id 1 2
2 | Active Power per Condition [kW] 238.1322 715.7475
3 | Reactive Power per Condition [kVar] 54.27091 163.1206 .
4

FIGURE 7.13: STRUCTURE OF THE FILE FOR UPLOADING THE POWER DELIVERY

The name ofthe rows are fixed: 'id’, ‘Active Power per Condition [kW7, ‘Reactive Power per Condition
[kVar]'. The user should add as many columns as the number of sea (wave or tidal) conditions input in
Site conditiondata. Eachsea stateis identified by anincrementalinteger (first row). The valuesinthe
remaining cells corresponds to the values of active/reactive power per sea state.

LOGISTICS AND MARINE OPERATION DATA

The data required in terms of Logistics and Marine operation planning are optional. However, as
mentioned in Section 7.2.4, if the user decides to include the set of data corresponding to Energy
Logistics and marine operation planning, the full stack of data is required (no partial input is
permitted). Data must be input via the GUI and viafile (see Figure 7.14)

Input Data

Project Life [years] 20

Downtime per device per year per month

FIGURE 7.14: LOGISTICS AND MARINE OPERATION INPUTS FOR THE SPEY MODULE.

The data consistin

» ProjectLife [years]: the user can type the value of the project life.
» Downtime per device per year per month: the user can upload a JSON file.

The JSON file should contain a list (introduced by '[', concluded by a ‘1, and the elements are
separated by a',") of objects (an object for each device is required), introduced by a ‘{*and concluded
by a'}, and the different fields are separated bya",”. Eachfield consistsofa label, between quotation
marks, followed bya colonand the value correspondingto this label.

The followingfields should be included inthe JSON file:

» “device_id” —thevalue should be a string (identified by quotation marks)
» “downtime_table”—is anobject (identified by ‘§}') whose fields are:

= ‘“year”-—asequentiallist from o to project life-1
n “jan"l \\feblll \\maI/lI “apl'", “may", “jUn", “JUl”, “aUg", \\Sep"l “OCt", “nOV", \\decn _they are |IStS
containing the number of dowintime hours for eachyear ofthe project life. The length of these

lists is the same of the field “year”. Anexample is shownin Figure 7.15.
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" "device id": "d
"downtime table™:
"jan": [@.0, 10.0],

[8.0,0.0],
": [10.0,0.0],
": [10.0,10.0],
": [10.0,10.0],
": [0.0,10.0],
": [1.0,1.0],
": [10.0,10.0],
"; [0.0,0.0],
": [7.0,1.0],
": [5.0,5.0]

"device id": "d

"downtime_table "year": [0, 1],
"jan": [e.0, 18.0],
“feb": [8.0,1.0],
"mar”: [8.0,0.0],
"apr”: [10.0,0.0],
"may”: [10.0,10.0],
"jun": [1@.e,18.0],
"jul": [@.0,10.0],
"aug”: [1.0,1.8],
"sep”: [10.0,10.0],
"oct": [0.0,0.0],
"nov": [7.0,1.8],
"dec": [5.0,5.0]

FIGURE 7.15: EXAMPLE OF THE JSON FILE FOR UPLOADING THE DOWNTIME PER DEVICE PER YEAR
PERMONTH
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7.3 System Lifetime Costs (SLC)

The present sectionis the user manual of the System Lifetime Costs module withinthe DTOceanPlus
designsuite of tools.

» Fornew users, the tutorials give step-by-stepinstructions on using the tool.
= List of key tutorials to be added here.
» The how-to guides show how to achieve specific outcomes usingthe tool.
= Listof mainguides?
» The explanation offeatures and calculation methods gives technical background onhow the tool

works.
» The APIreference section documentsthe code of modules, classes, API, and GUI.

The System Lifetime Costs module is used to assess the economic performance and financial
attractiveness of a given ocean energy project, benchmarking against reference projects. As one of
the Assessment Design Tools, the SLCmodule runs after the selected Deployment Design Tools, and
afterthe System Performance and Energy Yield Assessment Tool, as described in Section1.2.

7.3.1 OVERVIEW OF SLC FUNCTIONALITIES

The main purpose of the System Lifetime Costs module is to assess the economic performance and
financial attractiveness of a given ocean energy project, benchmarking against reference projects.
SLC's functionalities include:

» Compile Bill of Materials (BOM): it compiles an inventory of materials, assemblies, and
components, including the quantities of each, as well as the installation operations required to
construct agivenoceanenergy farm.

» Financial assessment: it evaluates the financial attractiveness of the project from the perspective
ofthe investor, assessing project profitability.

» Economic assessment: it performs a techno-economic assessment, estimating the LCOE of the
farm, or using other alternative metrics for early-stage technologies.

» Benchmark analysis: it compares the economic and financial results of the project against
reference values from wave and tidal projects.

All assessments produced by the System Lifetime Costs module are carried out based onthe design

outputs of the Deployment designtools but also project characteristics introduced by the user and a

catalogue of reference cost-breakdowns of ocean energy projects at different development stages.

7.3.2 WORKFLOW FOR USING THE SLC MODULE

The workflow for using the System Lifetime Costs module can be summarised as 1) provide inputs,
2) perform a design, and 3) view the results, as shownin Figure 7.16.
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. N )
eProjectand farm characteristics
eDevice characteristics
eSub-system characteristics
eFinancing conditions (notrequired forlowcomplexity) )
\
ePerformeconomic, financial and benchmarking assesment to the specified
ocean energy farm
J
)
eViewresultsinrespectto the economic, financial, and benchmarking
assessments
J

FIGURE 7.26: WORKFLOW OFSLCMODULE

7.3.3 OVERVIEW OF SLC DATAREQUIREMENTS

This section summarises the types of input data required to run the System Lifetime Costs module.
Full details and data specifications are givenin the how to guide Section 7.3.5, on preparing data.

The required and optional inputs to run the module are summarised inthe tables below Table 7.2 and
Table7.3. Note thatinintegrated mode, the required inputs will come from three different sources:

» Externalmodules (EC, ET, SK, ED, LMO, SPEY)
» Userinputs from the GUI
» Component Database (Catalogue)
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TABLE 7.2: SUMMARY OF REQUIRED INPUTS

InputPage Complexity1 Complexity 2 Complexity 3
General o Device type Device type o Device type
inputs = Device topology Device topology @ Device topology
o Device rated power Device rated power o Device rated power
o Device unit structural Device unit structural o Device unit structural
cost cost cost
o Project lifetime Project lifetime o Project lifetime
s Numberofdevices Discount rate o Discount rate
Number of devices s Numberofdevices
Financial - Electricity market price o Electricity market price
inputs
ACE inputs -
External Bill of Materials from ET
inputs Bill of Materials from ED
Bill of Materials from SK
Bill of Materials from LMO
Annual Energy Production
Maintenance solution

Input Page

TABLE 7.3: SUMMARY OF OPTIONAL INPUTS
Complexity1

Complexity 2

Complexity 3

General o Developmentand other Developmentand other [ = Developmentand other
inputs CAPEX costs CAPEX costs CAPEX costs
Financial Grant value o Grantvalue
inputs - Feed-in tariff price o Feed-in tariff price
Years of feed-in tariff o Yearsoffeed-in tariff
ACE inputs Average Climate Capture Width
Surface area
Surface thickness
Material density
Cost of manufacture
External
inputs -

7.3.3.1 USER INPUTS FROM THE GUI

The user will set basic information about the SLC study and provide the main project inputs, device

and subsystem characteristics, as well as financing inputs and preferences, depending on the

complexity level and technology.

» Study: Name, descriptionand standalone mode (yes/no).
» General inputs: Device type (Wave/Tidal), device rated power, device structural costs, project
lifetime, discount rate, number of devices, other development costs.
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» ACEinputs: Optional metrics to calculate the ACE metric, a proxy metric for LCOE in low maturity
technologies.

» Financial metrics: Electricity market price, awarded grant values, feed-in tariff schemas, duration
of feed-in tariffs.

7.3.3.2 INPUTS FROM EXTERNAL MODULES

In order to runthe System Lifetime Costs module, different inputs will be needed.

The Bill of Materials from the Energy Transformation module

The Bill of Materials from the Energy Delivery module

The Bill of Materials from the Station Keepingmodule

The Bill of Materials from the Logistics and Marine Operations module
The Annual Energy Productionfrom the SPEY module

The Maintenance solution by the Logistics and Marine Operations module.

v v vV v v Vv

While the Bills of Materials from each module are not strictly required for the module to be able to
run, the respective cost figures will not be considered inthe economic and financial assessments.

In standalone mode, these inputs will be uploaded tothe SLC study through sixindependent json files.
All external modules input studies must have the same complexity level.

7.3.3.3 CATALOGUE INPUTS

Apart from external inputs, and user inputs, the System Lifetime Costs module uses default data
stored in a catalogue, in order to benchmark the project outputs against reference projects. These
parameters may be changed by directly modifying the catalogue.

TABLE 7.4: SLC BENCHMARK CATALOGUE
Projectstage sl 4 5 0,1,2,3 4 5
Technology Tidal Tidal Tidal Wave Wave Wave
IIYdgI Gl 1starray | 2ndarray | Commercial | astarray | 2ndarray | Commercial
CAPEX (€/kW) 9500 7000 4500 10500 9800 4500
OPEX (€/kW/yr) 600 370 270 700 350 300
LCOE (€/kWh) 0.57 0.35 0.22 0.7 0.5 0.41
Station Keeping (%LCOE) 8 8 8 10 10 10
Electrical costs (%LCOE) 8 8 8 5 5 5
Device costs (%LCOE) 28 28 28 43 43 43
Installation costs(%LCOE) 12 12 12 9 9 9
Other Costs (%LCOE) 5 5 5 3 3 3
OPEX (%LCOE) 39 39 39 30 30 30
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7.3.4 SLC TUTORIALS
7.3.4.1 CREATING ANEW SYSTEM LIFETIME COSTS STUDY IN STANDALONE MODE

Once logged into the server, the next step is to create a new study within the Sy stem Lifetime Costs
module. Since multiple users across multiple organisations may be simultaneously accessing the
module onthe server, we ask that you add your organisation’s namein the name of the study you
create (e.g. “wavec_vco1”). This will ensure that all users work on independent studies and are not
editing the same study at the same time.

In the left menu, select'Create project’.
Fill in an appropriate title and descriptionto identify your study, then select the appropriate
complexity level link to main module complexity levels section. Complexity level 1 can be used

to get a quick estimate with minimal inputs. Complexity levels 2 & 3 have the same
functionalities althoughinputs are expected to have different uncertainties.

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. 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.]

7.3.4.2 USING SYSTEM LIFETIME COSTS AT LOW COMPLEXITY IN STANDALONE MODE

Complexity CPX1 was designed to provide simplified assessments, requiring minimum inputs from
the user and other design modules. Inputs are grouped into three input categories: i) “General inputs”,
which includes fundamental project parameters, ii) “*ACE inputs”, which consists of optional inputs
thatare only required in order to calculate the ACE metric (as a proxy to the LCOE), and iii) “External
inputs”, which groups all the inputs from other upstream modulesthat are requiredto run SLC. Inthis
complexity, financial assessments are not available due to limited data availability.

1) If required, create a new complexity level 1study, as describedinthe tutorial of Section7.3.4.1.
2) Fromthelist of studies, click ‘Open’ to start working onthe complexity level 1study.
3) Click onthe Generalinputs tab and:

a) Selectfromthe dropdownthe device type [required].

b) Selectfromthe dropdownthe device topology [required].

¢) Introducethe device rated power (kW) [required].

d) Introduce the device unitary structural costs (€), which does not include the costs ofthe PTO

[required].
e) Introducethe project lifetime®’ (in years) [required]

17 The project lifetime must be consistent withthe annual energy production (AEP) inputfile introducedin the
external outputs section.
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f) Introduce the number of devices*® [required].

g) Introduce Developmentand other CAPEX costs (€) [optional].

h) Click “Validate”.

i) If successful, youwillget a message “General inputs added” and redirect the user to the inputs
page. Otherwise, anerror message will pop-up.

4) In case the ACE metricis to be calculated, the inputs in the ACE input tab must be all filled.
However, since calculating the ACE metric is optional, the following inputs are described as
optionalas well:

a) Specify the Average Climate Capture Width?s (m) [optional]

b) Surface Area (m2) [optional]

c) Surface Thickness (m) [optional]

d) Density 2°(kg/m3) [optional]

e) Costofmanufacture (€/kg) [optional]

f) Click “Validate”.

g) If successful, you will get a message “ACE inputs added” and redirect the user to the inputs
page. Otherwise, anerror message will pop-up.

5) Inorder to provide meaningful assessments, the components of the farm, featured in the bill of
materials produced by eachdesign module, must be introduced in orderto be considered inthe
economic and financial assessments. However, the SLCmodule does not strictly require all of the
BOMsto be able to run, beingtherefore optional.

a) Upload the Bill of Materials of the Energy Transformation module (jsonfile) [optional]

b) Upload the Bill of Materials of the Energy Delivery module (jsonfile) [optional]

c) Upload the Bill of Materials of the Station Keepingmodule (jsonfile) [optional]

d) Upload the Bill of Materials of the Logistics and Marine Operations module (json file)
[optional]

e) Upload the Bill of Materials of the Station Keepingmodule (jsonfile) [optional]

f) Upload the Annual Energy Production ofthe farm, for each year (jsonfile) [required]

g) Upload the maintenance solution, outputted by the Logistics and Marine Operations module,
including the maintenance activities and costs for different years (jsonfile) [required].

h) Inordertoremove any file, press the “"x” button close to the filename.

i) Click “Validate”.

j)  If successful, you will get a message “External inputs added” and redirect the user to the
inputs page. Otherwise, an error message will pop-up.

6) Inorderto view, modify or delete inputs, the input pages may be revisited.

7)  Once all the desired inputs have beenfilled, click *Compute SLC Assessment” torunthe tool

18 The number of devices must be consistent with the annual energy production (AEP) input file introduced in
the external outputs section. Otherwise, changing the number of devices will increase the total costs of the
devicesbutnotthetotal energy production.

19 The Average Climate Capture Width (ACCW) isa measure of the effectiveness of a WEC at absorbing power
from the incident wave energy field, expressed inm.

ACCW [m] = Pavg [kW] [ Presource [KW/m]

2 The surface areg, thickness and density are used toestimate the total material mass thatis required, in order
to calculate the Characteristic Capital Expenditure (CCE).
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a) If successful, a message will be shown to the user: "System Lifetime Costs assessment was
successfully computed”. Otherwise, an error message will be presented to the user,
describingwhat went wrong.

8) After pressingthe button to run the SLC assessment, the user is directed to the results page,
where the three mainresult categories are presented.

7.3.4.3 USING SYSTEM LIFETIME COSTS AT MEDIUM/HIGH COMPLEXITY IN STANDALONE
MODE

In case of higher data availability, the System Lifetime Costsmodule can be run at a higher complexity
level (CPX2 or CPX3), to provide more detailed assessments. In these complexities, the financial
assessment functionality is available. In this case, inputs are grouped into four input categories: i)
“Generalinputs”, which includes fundamental project parameters, ii) Financial inputs, which include
financial parameters that are required to evaluate cashflows and financial performance, iii) “ACE
inputs”, which consists of optional inputs thatare only required in order to calculate the ACE metric
(as a proxy to the LCOE), iv) “External inputs”, which groups all the inputs from other upstream
modules that are required to run SLC.

1) If required, create a new complexity level 3study, as describedinthe tutorial of Section 7.3.4.1.
2) Fromthelist of studies, click ‘Open’ to start working onthe complexity level 3study
3) Click onthe Generalinputs tab and:
a) Selectfrom the dropdownthe device type [required].
b) Selectfromthe dropdown the device topology [required].
¢) Introducethe device rated power (kW) [required].
d) Introduce the device unitary structural costs (€), which does notinclude the costs ofthe PTO
[required].
e) Introducethe project lifetime2* (in years) [required]
f) Introduce the number of devices?2 [required].
g) Introduce Developmentand other CAPEX costs (€) [optional].
h) Click “Validate”.
i) If successful, youwillget a message “General inputs added” and redirectthe user tothe inputs
page. Otherwise anerror message will pop-up.
4) Click onthe Financial inputs tab and:
a) Introduce market price (€¢/kWh) [required].

The market price specified in a) consists of the electricity selling price. However, in case a feed-in tariff
is in place, especially if it does not cover the entire project lifetime, the user is allowed to specify a
feed-in-tariff and the number of years, after which, the energy price reverts to the market priced
specified ina).

b) Grantvalue (€) [optional], featuring possible grants that were awardedto the project.

2 The project lifetime must be consistent with the annual energy production (AEP) files introduced in the
external outputs section.
22 Changing the number of devices will increase the total costs of the devices but not the AEP.
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5)

6)

7)
8)

9)

c) Feed-inTariff (FIT) price (€/kWh) [optional].

d) YearsofFIT (years)[optional].

Click onthe ACE inputs tab and:

a) Specify the Average Climate Capture Width23(m) [optional]

b) Surface Area(m?2)

¢) Surface Thickness (m)

d) Density24(kg/m3)

e) Costofmanufacture (€/kg)

f) Click “Validate”.

g) If successful, you will get a message “ACE inputs added” and redirect the user to the inputs
page. Otherwise, anerror message will pop-up.

In order to provide meaningful assessments, the components of the farm, featured in the bill of

materials produced by each design module, must be introduced in order to be considered inthe

economic and financial assessments. However, the SLCmodule does not strictly require all of the

BOMs to be ableto run, beingtherefore optional.

a) Upload the Bill of Materials of the Energy Transformation module (jsonfile) [optional]

b) Upload the Bill of Materials of the Energy Delivery module (jsonfile) [optional]

c) Upload the Bill of Materials of the Station Keeping module (jsonfile) [optional]

d) Upload the Bill of Materials of the Logistics and Marine Operations module (json file)
[optional]

e) Upload the Bill of Materials of the Station Keepingmodule (jsonfile) [optional]

f) Upload the Annual Energy Production of the farm, for eachyear (jsonfile) [required]

g) Upload the maintenance solution, outputted by the Logistics and Marine Operations module,
including the maintenance activities and costs for different years (jsonfile) [required].

h) Inordertoremove any file, press the “x” button close to the filename.

i) Click “Validate”.

j)  If successful, you will get a message “External inputs added” and redirect the user to the
inputs page. Otherwise an error message will pop-up.

In order to view, modify or delete inputs, the input pages may be revisited.

Click "Compute SLC Assessment”to runthe tool

a) If successful, a message will be shown to the user: "System Lifetime Costs assessment was
successfully computed”. Otherwise, an error message will be presented to the user,
describingwhat went wrong.

After pressing the button to run the SLC assessment, the user is directed to the results page,

where the four mainresult categories are presented.

23 The Average Climate Capture Width (ACCW) is ameasure of the effectiveness of a WEC at absorbing power
from the incident wave energy field, expressed inm.

ACCW [m]=Pavg [kW]/Presource [Kw/m]

2 The surface areg, thickness and density are used toestimate the total material mass thatis required, in order
to calculate the Characteristic Capital Expenditure (CCE).
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7.3.5 SLC HOW-TO GUIDES

7.3.5.1 HOW TO PREPARE DATA FOR USING THESYSTEM LIFETIME COSTS MODULE

This guide summarises the data requirements and specifications for running the System Lifetime
Costs module infull complexity standalone mode (introducedinthe “Externalinputs” tab), but notes
which parameters are not required at low complexity and which come from other modules in
integrated mode.

FORMAT THE BILL OF MATERIALS OF THE ENERGY TRANSFORMATION, ENERGY DELIVERY,
STATION KEEPING, AND LOGISTICAND MARINE OPERATIONS

The bill of materials produced by eachdesignmoduleis storedin a json format, with the specific data
structures described below. Although all the information storedinthe individual BOMs are compiled
into the final Bill of Materials produced by the System Lifetime Costs module, only the total costs
values of each subsystemare considered for the economic and financial computations.

Regardless of the module source, the bill of materials files follows the same data structure, a jsonfile
comprised of six lists of the same size:

i) idisthe component/systemidentifier,

i) name corresponds tothe name ofthe component/system,

iii) gntrefersto the quantities of each component/system,

iv) vomrefersto the unity of measurement (e.g. m, kg, ...),

V) unit_cost correspondsto the unitary cost ofeachitem, and,

vi) total_cost, which correspondsto the total cost (in Euros) associated with eachitem.

The SLCmoduleis responsible forcompiling the bill of materials of each module, althoughiit only uses
the values in the total_cost variable, attributable to items with a “Tot_" id, to carry out internal
calculations.

A dummy bill of materials for the components of the Energy Transformation module was generated,
as presented in Table 7.5. Eventhoughthe entire list of attributes will be presented in the final bill of
materials compiled by SLC, only the total_cost value attributable:

» The total costs ofthe ET system (id = "Tot_ET”, total_cost =300,000€) will be considered.

TABLE 7.5: EXAMPLE BILL OF MATERIALS OF THEENERGY TRANSFORMATION MODULE

"id":["CAT_turbine","CAT_gen", "CAT_b2b", "Tot_ET"],

"name":["Air turbine", "Generator", "Back to back converter", "Total ET system"],
"gnt":["1", "2, "1, "-"],

"Uom":["—“, II_II, II_II, II_II]I

"Unit_cost":["100000", "100000", "100000", ||_||]I
"total_cost":[100000, 100000, 2100000, 300000]
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A dummy bill of materials for the components of the Energy Delivery module was generated, as
presented in Table 7.6. Even though the entire list of attributes will be presented in the final bill of
materials compiled by SLC, only the total cost values (storedinthe total_cost list) attributable to:

» Totalonshoreinfrastructure costs (id ="tot_onshoreinf", total_cost =45,000€)
» Totaltransmissionnetwork costs (id="Tot_transm", total_cost = 2,000,000€)
» Totalarray network costs (id ="Tot_network", total_cost =1,000,000%€)

» Totalcollection point costs (id = “Tot_colpoint”, total_cost = 500,000€)

TABLE 7.6: EXAMPLE BILL OF MATERIALS OF THE ENERGY DELIVERY MODULE

{
"id": ["CAT_Cableoo1", "CAT_Cableo62", "CAT_colpoint", "CAT_conoo1", "Tot_onshoreinf",
"Tot_transm", "Tot_network", "Tot_colpoint"],

"name": ["Cable xyz", "Cable xyz239", "Subsea hub", "Connector wet-mate", "Total onshore
infrastructure", "Total Transmission network", "Total Array network", "Total
Collection point"],

"qnt" ["3000" "9000" "2" "3"1 ! "I ! "I ! "I ! "]/

"Uom"_ ["m" "m" ! IlI ! III ! III ! III " IIl " "]I

"unit_cost": ["2300", "1100", "1000000", "1000000", "-", "-", "-", "-"],

"total_cost": [100, 200, 300, 400, 45000, 2000000, 1oooooo, 500000]

}

For the Station Keeping components, a dummy bill of materials was compiled in Table 7.7. Even
though the entire list of attributes will be presented in the final bill o f materials compiled by SLC, only
the total cost values (stored inthe total_cost list) attributable to:

» The total cost ofthe station keeping system (id = "Tot_SK”, total_cost = 4,590,000%€)

TABLE 7.7: EXAMPLE BILL OF MATERIALS OF THE STATION KEEPING MODULE

"id": ["CAT_Anchoroo1", "CAT_MLoo1", "Tot_SK"],

"name": ["Anchor", "Mooringline", "Total costs of SK system"],
"gnt": ["3", "1500", "-"],

‘vom™: ["-", "m", "-"],

"unit_cost": ["20000", "3000", "-"],

"total_cost": [90000, 4500000, 4590000]

}

The costs of the installation operations to be considered are compiled inthe bill of materials typically
produced by LMO, as presented in Table 7.8. The SLCmodule willinclude every installation operation
featured in the LMO BOM file, as long as its id starts with“Tot_".

In case a given operationis notto be considered, it canbe ignored and notincluded in the file. Thisis
the case of the mooring and collection point installation costs, which did not take place in this

example. In this case, only total costs are compiled and considered, even though the operations are
notin order:
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The total cost ofinstalling devices (id = “Tot_Inst_Dev”, total_cost=872,215¢€)

The total cost of installinganchors and foundations?s (id =" Tot_Inst_Anc”, total_cost =6,128,696%€)
The total mooringinstallation costs?® (id =" Tot_Inst_Moor”, total_cost=1628674¢€)

The total cableinstallation costs?7 (id ="Tot_Inst_Cable", total_cost = xxxx€ - not included)

The collection point installation costs?8 (id = “Tot_Inst_Col", total_cost =xxxx€ - notincluded)

v v v v Vv

TABLE 7.8: EXAMPLE BILL OF MATERIALS OF THE LOGISTICS AND MARINE OPERATIONS MODULE

{
"id": ["Tot_Inst_Dev", "Tot_Inst_Anc","Tot_Inst_Cable"],
"name": ["Total cost ofinstallation of devices", "Total cost of installation of Anchors", "Total cost
ofinstallation of cables"],
"qnt": ["-"l II-"l II-"]I
lluom": ["-"I lI-"I "-"]l
"unit_cost": ["-","-","-"],
"total_cost": [872215,6128696,1628674]

FORMAT THE ANNUAL ENERGY PRODUCTION PRODUCED BY SPEY

The AEP file contains the net annual energy production of the array, inkW, for eachyearofthe project
(in the example in Table 7.9, 20 years are considered). Inthe integrated mode, this input is produced
by SPEY and already takes into considerationthe downtime due to component failure and O&M, as
calculated by the LMO module.

It must be noted that changingthe number of years (e.g. from 20to 30 years) or the number of devices
(e.g. from 5 to 1), without changing the AEP file will create an inconsistency and no effect on the
calculations will take place. The AEP file must be also modified to reflect these changes>°.

25 These installation costs refer to piles (pile anchors and pile foundations) as well as other considered
foundations.

6 Generally, the mooring installation costs include the costs of installing anchors, unless they are pile anchors
(which are assumed tobe installed separately). In this case, the mooring costs are not considere d.

7 Including array and export cables

28 Dependingon the collection point characteristics, it may require an individual installation operation.

29 Note thatthelast item of the AEP file does notendwith acomma",”.
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TABLE 7.9: EXAMPLE BILL OF MATERIALS OF THESYSTEM PERFORMANCE AND ENERGY YIELD

MODULE

{

"array_annual_net_energy_pd": {
"Aggregation-Level": "array",
"value":{

"1":2727000,

"2":2727000,

“3":2727000,

"4": 2727000,

"5":2727000,

"6": 2727000,

"7":2727000,

"8":2727000,

"9":2727000,

"10": 2727000,

"11": 2727000,
12":2727000,
"13": 2727000,
"14": 2727000,
"15":2727000,
"16": 2727000,
"17": 2727000,
"18": 2727000,
"19": 2727000,
"20": 2727000

FORMAT THE MAINTENANCESOLUTION FILE

In the integrated mode, the maintenance solutionis produced by the Logistics and Marine Operations
planning tools. In this example, one maintenance operation per year is assumed (with an average
OPEX cost per year on the “operation_cost” parameter), to simplify the data inputting process. An

example of the maintenance solutioninput is shownin Table 7.10.
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TABLE 7.10: EXAMPLE MAINTENANCE SOLUTION INPUT

DTOcean+

{

"operation_id": [
"OP13_o0",
"OP13_o0",
"OP13_o0",
"OP13_0",
"OP13_0",
"OP13_0",
"OP13_0",
"OP12_0",
"OPa3_1",
"OPa12_1",
"OP13_2",
"OP12_2"
"OP13_3",
"OP12_3",
"OP12_4",
"OP13_4",
"OP12_5",
"OP12_6",
"OP13_5",
"OP12_7"

1

"proj_year": [
1l
2I
3
4,

5
6,
7
8,
9
10,

11,
12,
13,
14,
15,
16,
17,
18,
19,
20
1
"operation_cost": [
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527,
1599527
1
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7.4 SYSTEM RELIABILITY, AVAILABILITY, MAINTAINABILITY, AND
SURVIVABILITY (RAMS)

This is the user manual forthe RAMS module withinthe DTOceanPlus suite of tools.

» Fornew users the tutorials give step-by-stepinstructions onusing the tool.

= Accessingthe module onthe Open cascade server
= Creating anew study instandalone mode
= Using the module atlow complexity instandalone mode

» The how-to guides show how to achieve specific outcomes using the tool.
The explanation offeatures and calculation methods gives technical background onhow the tool
works.

» The APIreference section documents the code of modules, classes, API, and GUL.

The Reliability, Availability, Maintainability and Survivability (RAMS) module assesses the following
metrics:

» Reliability - the ability of a structure or structural member to fulfil the specified requirements,
during the workinglife, for which it has been designed.

» Availability - the probability that a system or component is performing its required function at a
given point in time or over a stated period of time when operated and maintained in a prescribed
manner. In engineering applications, the availability of a device is the ratio of the uptime to the
sum of uptime and downtime during the design lifetime. The availability of the array is the
arithmeticaverage ofthat ofall devices inthe array.

» Maintainability - the ability of a system to be repaired and restoredto service when maintenance
is conducted by personnel using specified skill levels and prescribed procedures and resources.

» Survivability - the probability that the critical structural and mechanical components can survive
the ultimate and fatigue loads during the design lifetime.

7.4.1 OVERVIEW OF FUNCTIONALITIES

P Reliability assessment

= Estimating the maximum, mean and standard deviation of time to failure (TTF) of basic
components in Energy Delivery (ED), Energy Transformation (ET) and Station Kee ping (SK)
subsystems.

= Estimating the maximum, mean and standard deviation of TTF of the ED, ET, SK subsystems
and the array.

= Calculating the maximum annual probabilities of failure (PoFs) of the ED, ET, SK subsystems
and the array.

» Availability assessment
= Calculating the availability ofallthe devices and the average availability of the array.
» Maintainability assessment

= Calculating the probability that the damaged components can be successfully repaired or
replaced in a period oftime, giventhe equipment and the resources.
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» Survivability assessment

= Calculating the probability that the critical structural and mechanical components cansurvive
the ultimate loads/ stressesduringthe design lifetime.

= (Calculating the probability that the critical structuraland mechanical components cansurvive
the ultimate loads/ stressesduringthe design lifetime.

7-4.2 WORKFLOW FOR USING THETOOL

The four features, namely reliability, availability, maintainability and survivability, are assessed

separately in the RAMS module. The generic workflows are the same, which includes collection of
inputs, check the inputs, perform assessment and view the results, as shown in Figure 7.17 to Figure
7.20.

* Hierarchies showing the logic dependencies of ED, ET and SK subsystems )
* Average waiting time
* Number of simulations

* Check the uploaded hierarchies to avoid the logic dependency errors

» Perform the reliability assessment

* View the results

€€

FIGURE 7.127: WORKFLOW OF RAMS MODULE (A) RELIABILITY ASSESSMENT

* Downtime of individual devices

* Check the uploaded downtime

¢ Perform the availability assessment

* View the results

E
v

FIGURE 7.28: WORKFLOW OFRAMS MODULE (B) AVAILABILITY ASSESSMENT
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Maintenance-related data

The available time for repair

The probabilistic distribution of time to repair time
The standard deviation of time to repair

Check the uploaded Maintenance-related data

e Perform the maintainability assessment

* View the results

€<€E€LK

FIGURE 7.19: WORKFLOW OFRAMS MODULE (C) MAINTAINABILITY ASSESSMENT

* The loads/ stresses of the critical components in the SK subsystem
* The loads/ stresses of the critical components in the ET subsystem

* Check the uploaded hierarchies to avoid the logic dependency errors

¢ Perform the survivability assessment

* View the results

5
v

FIGURE 7.20: WORKFLOW OF RAMS MODULE (D) SURVIVABILITY ASSESSMENT

7.4.3 OVERVIEW OF DATAREQUIREMENTS

This section summarises the types of input data required to run the RAMS module. Please check
Section 3 for more details.

DATAREQUIREMENT FORRELIABILITY ASSESSMENT
Reliability assessment requires the hierarchies of the ED, ET and SK subsystems, the number of
simulations and the waiting time, as summarized in Table 7.11.

TABLE 7.11: SUMMARY OF INPUTS FOR RELIABILITY ASSESSMENT

External module inputs Default Data origin Units

ED hierarchy Required ED oruser-defined

ET hierarchy Required ET or user-defined -
SK hierarchy Required SK oruser-defined -
Number of simulations Required User-defined -
Waiting time Required User-defined hour
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DATAREQUIREMENT FORAVAILABILITY ASSESSMENT
Availability assessment requires the downtime of all the devices in an array, as summarized in Table

7.12.
TABLE 7.12: SUMMARY OF INPUTS FOR AVAILABILITY ASSESSMENT

| External module inputs | Default | Data origin | Units
Downtime Required LMO oruser-defined -

DATAREQUIREMENT FORMAINTAINABILITY ASSESSMENT
Maintainability assessment requires the downtime of all the devices in an array, as summarized in
Table7.13.

TABLE 7.13: SUMMARY OF INPUTS FOR MAINTAINABILITY ASSESSMENT

| External module inputs Default Data origin | Units

Available time Required User-defined hour
Probability distribution of repairtime Required User-defined -
Standard deviation of repairtime Required User-defined hour
Mttr Required LMO oruser-defined hour
Technologies Required LMO oruser-defined -

DATAREQUIREMENT FORSURVIVABILITY ASSESSMENT

Survivability assessment requires many inputs, as summarized in Table 7.14. "Other parameters” are
elaborated onin
Table7.15.

TABLE 7.14: SUMMARY OFINPUTS FOR SURVIVABILITY ASSESSMENT

| Externalmoduleinputs | Default Data origin Units

Stress_sk.json Required SK or User-defined -
Stress_et.json Required ET or User-defined -
Otherparameters Required Default or User-defined -

TABLE 7.15: EXPLANATION OF OTHER PARAMETERS FORSURVIVABILITY ASSESSMENT

| Parameters Format Explanation
cov_a float The coefficient of variance of the S-N curve parametera
cov_| float The coefficient of variance of the extreme/ultimate load
The coefficient of variance of the scale parameter of the 2-parameter Weibull
cov_q float distribution (assumed that the long-term stress ranges follow the 2-

parameter Weibull distribution)
The coefficient of variance of the resistance (maximum breaking load, MBL)

cov_r float o
of the mooring lines
cov_ufl float The coefficient of variance of the uncertainty factor associated with the load
The coefficient of variance of the uncertainty factor associated with the
cov_ufr float .
resistance
mu_ufl float The mean value of the uncertainty factor associated with the load
mu_ufr float The mean value of the uncertainty factor associated with the resistance
) ) The number of simulations for the survivability assessment (fatigue limit
n_sim_fls integer
state, FLS)
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Parameters Format Explanation

The number of simulations for the survivability assessment (ultimate limit

n_sim_uls integer state, ULS)
The methodused forassessing the survivability (FLS),

option_fls string option 1 - ‘Monte Carlo’ (for complexity 1, 2 & 3); option 2 — ‘FORM’ (for
complexity 2 & 3)
The methodused forassessing the survivability (ULS),

option_uls string

option 1 — ‘Monte Carlo’ (for complexity 1, 2 & 3); option 2 — ‘FORM’ (for
complexity 2 & 3)

pd_a string The probability distribution of the S-N curve parametera

The probability distribution of the shape parameter of the 2-parameter
Weibull distribution

pd_h string
(assumed that the long-term stress ranges follow the 2-parameter Weibull
distribution)
pd_| string The probability distribution of the load
pd_m string The probability distribution of the S-N curve parameter m
pd_n string The probability distribution of the number of stress range cycles
The probability distribution of the scale parameter of the 2-parameter
Weibull distribution
pd_q string
(assumed that the long-term stress ranges follow the 2-parameter Weibull
distribution)
pd_r string The probability distribution of the resistance
pd_ufl string The probability distribution of the uncertainty factor associated withthe load
. The probability distribution of the uncertainty factor associated with the
pd_ufr string ]
resistance

It should be noted that: if Log-normal is chosen for a stochastic variable, the mean and standard
deviationshould be those oflogged variable. For example, suppose a stochastic variable X following
the Log-normal distribution. py, (x) and ai, (x) should be the inputs. The relationship of mean and

standard deviation between X and log(X) can be given as follows:

With uy and oy known, py, (x) and oy, (x) are expressed as:

ox\?
Oln 9] = |In|1+ (_)
Hx

1
Hmexoy = 111([1)() - 50'1%1 x)
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The data structure of stress_sk.jsonand stress_et.jsonare described as follows:

P stress_sk.json: It is a json file, which contains the following data relevant for survivability
assessmentinTable7.16.

TABLE 7.126: EXPLANATION OF THEDATA INSTRESS_SK.JSON

Data Key Namein stress_sk.json \

The ultimate loads on the mooring lines devices[i]["uls_results”][*mooring_tension”]
The maximum breaking loads (MBL) of the moorin . .

. ximu 'ng ( ) ' devices[i]["uls_results"][*mbl_uls"]
lines

The stressranges on the mooring lines devices[i][“fls_results"][“cdf_stress_range”]

The cumulative distribution functions (CDFs) of the

stressranges devices[i]["fls_results”][“cdf"]

The S-N curve parametera devices[i][“fls_results"][“ad"]
The S-N curve parameterm devices[i][“fls_results"][*m"]
The number of stress range cycles devices[i][“fls_results"][* n_cycles_lifetime"]

P stress_et.json: It is a json file, which contains the following data relevant for survivability
assessmentinTable7.17.

TABLE 7.127: EXPLANATION OF THEDATAIN STRESS_ET.JSON

| Data | Key Namein stress_et.json ‘
The label of the critical device “device_id"
The mean of the S-N curve parametera “mu_a"
The standard deviation of the S-N curve parametera “std_a”
The S-N curve parameterm *m”
The shape parameter of the 2-pWeibull distribution for wh
the long-term stressranges
The mean scale parameter of the 2-pWeibull “mu_gq”
distribution forthe long-termstress ranges B
The standard deviation of scale parameter of the 2-p . .
Weibull distributionforthe long-term stress ranges mu-q
The mean of the ultimate load “mu_I"
The standard deviation of the ultimate load “std_I"
The number of cycles of stress ranges “n”

As mentioned in Section 3.3.4.4, the updated stress_et.json file contains the data as summarized in
Table 7.18.

TABLE 7.18: EXPLANATION OF THE DATA INUPDATED STRESS_ET.JSON

Key Namein stress_et.json

The S-N curve NS N
The ultimate stresses "ultimate_stress"
The fatigue stresses and probability " fatigue_stress_probability”
The number of cycles of stress ranges “number_cycles”
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7.4, TUTORIALS
7.4.4.1 CREATING A RAMS STUDY

Once logged into the server, the next step is to create a new study within the RAMS 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
thatall users work onindependent studies and are not editing the same study at the same time.

1) In the home page, select ‘Environmental and Social Acceptance Studies’ and click ‘Create new
project’.

2) Choose"Standalone” runningmode, thenselect the appropriate complexity level.

3) Click ‘confirm’to enter list of inputs required inthe chosen complexity level.

4) From any page of inputs, click on “save” or “save as” to name 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.]

7.4.4.2 RELIABILITY ASSESSMENT

Given an array composed of three major subsystems (ED, ET and SK), the user would like to know:
how long it will take before basic components fail (namely mean TTF) and the uncertainties of TTF;
to know how long it will take before these subsystemsfail (namely mean TTF)and the uncertainties
of TTF. The uncertainties refer to the standard deviation of TTF. Reliability assessment is performed
atboththe componentand system levels.

The user canwalk through the following steps to perform reliability assessment:

» Upload the inputs

* Navigate to Reliability by clicking "R.A.M.S. Studies" in the navigation pane on the left-hand
side ofthe RAMS GULI.

= Upload the hierarchies of the ED, ET and SK subsystems by clicking the " SK hierarchy", "ED
hierarchy " and " ET hierarchy " buttons on the top of the RAMS GUI. A panel pops up, after
clicking either ofthese buttons. Click the "Browse" buttonto find and upload the input file. Two
messages, namely "JSON file decoded successfully" and "JSON file saved to DB successfully",
pop up to indicate that the inputs are successfully uploaded.

» Setthe user-defined parameters in GUI

= Define the average waiting time by typing a value or adjusting the symbol buttonlabelled "+/-"
in the "Average Waiting Time".

= Define the simulationnumbers by typing a value or adjusting the symbol buttonlabelled "+/-"
in the "Number of simulations".

» Check the input summary
= The user cancheck the inputs to confirm, by clicking "Input Summary".

» Performthe assessment.
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= Click the buttonlabelled "Calculate". The system-levelreliability assessment takes a long time,

if a high number of simulations is applied.
» Viewthe assessmentresults

= Click on"Component Reliability" to obtainthe component-level reliability assessment results.
The results in "Component Reliability" is a form including four columns. The first column
contains the IDs of basic components. The second column contains the mean time to failure
(MTTF) ofthese basic components. The third column contains the maximum TTF of these basic
components. The last column contains the standard deviationof TTF of basic components.

= Click on"System Reliability" to obtainthe component-level reliability assessment results. The
results in"System Reliability" containtwo parts. Part 1, a bar plot, contains the maximum PoFs
the subsystems (ED, ET, SK) and the array. Part 2, a barplot, contains the MTTF, maximum TTF
and standard deviation ofthe subsystems(ED, ET, SK) and the array.

7.4.4.3 AVAILABILITY ASSESSMENT

Given anarray composed of Ndevices. The user would like to know how many hours eachdevice can
work normally and the average normal working hours ofanarray.

The user canwalk through the following steps to perform availability assessment:

» Upload the inputs

* Navigate to Availability by clicking "R.A.M.S. Studies" inthe navigation pane on the left-hand
side ofthe RAMS GUI.

= Upload the downtime of the individual devices by clicking the "Downtime" button on the top of
the RAMS GUI. A panel pops up, after clicking the " Downtime " button. Click the "Browse"
button to find and upload the input file. Two messages, namely "JSON file decoded
successfully" and "JSON file saved to DB successfully", pop up to indicate that the inputs are
successfully uploaded.

» Check the input summary

= The user can check the inputs to confirm, by clicking "Input Summary".
» Performthe assessment

= (Click the "Calculate" buttonto start the calculation.
» Viewthe assessmentresults

= Click "System availability" to see the availability of the devices and the average availability of
the array which are shown in a bar plot. The horizontal axis represents the availability in
percentage. The vertical represents different items, for example, devices, array.

7.4.4.4 MAINTAINABILITY ASSESSMENT

There is sucha scenario in which a basic component fails. Suppose itis a critical component, the mean
time to repair (TTR) is Lrepair (@ssumed to be in a begin weather) and the available time window for
repairing it is t.,, hour. Based upon the engineering experience, the time to repair (TTR) follows the
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e
Gaussian distribution. The technician is expected to repair it in a begin weather and is given all the

necessary spare parts and tools. The user would like to know the probability that the technician can
successfully repair it within t..

The user canwalk through the following steps to perform maintainability assessment:

» Upload the inputs

* Navigate to Maintainability by clicking "R.A.M.S. Studies" in the navigation pane on the left-
hand side of the RAMS GUI.
= Upload the downtime ofthe individual devices by clicking the "Maintenance" button on the top
ofthe RAMS GUI. A panel pops up, after clicking the "Maintenance " button. Click the "Browse"
button to find and upload the input file. Two messages, namely "JSON file decoded
successfully" and "JSON file saved to DB successfully", pop up to indicate that the inputs are
successfully uploaded.
» Check the input summary
= The user cancheck the inputs to confirm, by clicking "Input Summary".
P Setthe user-defined parameters in GUI
= Setupthe"Available Time"and the "Standard Deviation" by clicking either plus or minus icons.
Choosethe "Probability Distribution".
» Performthe assessment
= C(lick the "Calculate" buttonto start the calculation.
» Viewthe assessmentresults

= Click "System maintainability" to see the probability that the damaged components can be
repaired within a specific period oftime.

7.4.4.5 SURVIVABILITY ASSESSMENT

Suppose that the user only cares about the structural integrity of the array, e.g. mooringlines, PTOs;

The user has performed dynamic response analyses to obtain the ultimate loads or stresses and the
fatigue stress ranges of critical components. The user would like to know the probabilities that these
critical components cansurvive the ultimate loads or stresses and the fatigue stress ranges during the
designlifetime.

The user canwalk through the following steps to perform maintainability ass essment:

» Upload the inputs

= Navigate to Survivability by clicking"R.A.M.S. Studies" in the navigation pane onthe left-hand
side ofthe RAMS GUI.

= Upload the stress ofthe ETsubsystem by clickingthe "StressET" button onthe top of the RAMS
GUI. A panel pops up, after clicking the "Stress ET" button. Click the "Browse" button to find
and upload the input file. Two messages, namely "JSON file decoded successfully" and "JSON
file saved to DB successfully", pop up to indicate that the inputs are successfully uploaded.
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= Upload the stress of the SK subsystem by clicking the "Stress SK" button on the top of the
RAMS GUI. A panel pops up, after clicking the " Stress SK" button. Click the "Browse" button to
find and upload the input file. Two messages, namely "JSON file decoded successfully" and
"JSON file saved to DB successfully", pop up to indicate that the inputs are successfully
uploaded.
» Check the input summary
= The user can check the inputs to confirm, by clicking "Input Summary".
» Setthe user-defined parametersin GUI
= Refer to the explanation of variables in Section 3.3.4.4 to set up the user-defined parameters.
» Performthe assessment
= C(lick the "Calculate" buttonto start the calculation.
» Viewthe assessment results

= (Click "System survivability ULS" to see the probability that the critical structural/mechanical
components cansurvive the ultimate loads/stresses during the design lifetime.

= Click "System survivability FLS" to see the probability that the critical structural/mechanical
components cansurvive the fatigue stress ranges during the design lifetime.

7.4.5 RAMS HOW-TO GUIDES

7.4.5.1 HOW TO PREPARE DATA FOR USING THE RAMS MODULE

This guide summarises the datarequirements and specifications for running the Reliability Availability
Maintainability Survivability module.

INPUTS FOR RELIABILITY ASSESSMENT

As mentioned inthe maintext ofthe report, hierarchies, the number of simulations, and the average
waiting time are required to run reliability assessment. The number of simulations, and the average
waiting time are scalar inputs, which are easily understood. Hierarchy is a complicated data structure
which will be elaborated oninthe following part of this subsection.

A hierarchy is a 2-D table array storing the information on the working philosophy and the
interrelationship of the units at different levels reflected in a fault tree. See the template below.

Failure Failure
Design Node | Node Category | Parent | Child Gate  Rate EL
Id Type | Subtype Type Repair | Replacement

[1/hour] [2/hour]

Name

System of
Node

The first column gives the subsystem or systemto be analysed. All failure eventsare considered nodes
in the hierarchy. The second column, ‘Name of Node’, gives the names of these failure events. The
third column, ‘Design Id’, gives the identification labels of the basic components and other units. The
column, ‘Node Type’, defines the levels of a hierarchy. The column, ‘Node SubType’, defines the
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additional information the design modules use to identify the corresponding node. The column,
‘Category’, defines which levels the nodes in the ‘Name of Node’ column belong to in the fault tree.
The columns ‘Parent’ and ‘Child’ define the dependencies of units at various levels. Each entry in
‘Parent’ defines the label of the higher-level unit which the current unit in the column‘Name of Node'
belongs to. Each entry in ‘Child’ defines the labels of lower-level units which belong to the current
unit. Based upon the aforementioned descriptions, the units in the column ‘Child’ are connected
through a specific logic gate to the higher-level unit. The logic gates are given in the column ‘Gate
Type'. The logic gate in each entry of this column is used to connect the unit in the column ‘Name of
Node’ and the units in the column *Child’. The last two columns give the failure rates of basic
components for two failure modes. Please refer to Section 3.3.4.1for more details.

INPUTS FOR AVAILABILITY ASSESSMENT
As mentioned inthe maintext of the report, the downtime ofindividual devices is required to runthe
availability assessment. Prepare the inputs accordingto data format detailed in Section 3.3.4.2.

INPUTS FOR MAINTAINABILITY ASSESSMENT

As mentioned inthe maintext ofthe report, maintenance-related data, the probabilistic distribution,
and the standard deviation oftime to repair are required run the maintainability assessment. Prepare
the inputs accordingto data format detailed in Section3.3.4.3.

INPUTS FOR SURVIVABILITY ASSESSMENT
As mentioned in the main text of the report, there are many input data used to run the survivability
assessment. Prepare the inputs accordingto data format detailed in Section 3.3.4.4.

HOW TO VISUALIZE THE RESULTS IN THE RAMS MODULE

This guide summarises the datarequirements and specifications for running the Reliability Availability
Maintainability Survivability module.
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7.5 ENVIRONMENTAL AND SOCIAL ACCEPTANCE (ESA)

This is the user manual for the Environmental and Social Acceptance module within the DTOceanPlus
suite of tools.

» Fornew usersthe tutorials give step-by-stepinstructions on using 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 using the too
» The explanation offeatures and calculation methods gives technical background onhow the tool

works
» The APIreference section documents the code of modules, classes, API, and GUI

The Environmental and Social Acceptance module (ESA) aims to assessthe environmental and social
impacts generated by the various technology choices and array configurations of wave or tidal
devices. It is one of the Assessment Tools, run after the Deployment Design tools. Link to main
manual section onthe suite of tools.

7.5.1 OVERVIEW OF FUNCTIONALITIES

ESAtools will provide the user with four main features described in the following sections.

The module has different complexity levels that reflect the level of information needed for the
assessment. This is not a different process of data but an addition of functionalities depend ingonthe
stage of development the useris in:

At the early complexity level, the level of information is not enough developed in the various
DTOceanPlus modules to be able to achieve a full ESA assessment. At this stage, only the
“Endangered species” mainfunction can be run as this function requires only the site locationin order
to run and to inform about the presence or not of endangered species.

Atthe mid complexity level, the four main functions (i.e. Endangered species; Environmental impacts;
Carbon FootPrint and Social Acceptance) can be partially run to produce an incomplete ESA
assessment.

At the late complexity level, the ESA assessment is complete and includes all functions developed
under the four main functions.
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7.5.1.1 ENDANGERED SPECIES

Considering the coordinates of chosenssite of the project, this feature will:

Dc

» Identify the potential presence of very sensitive species in the lease area (Table 7.19) selected
based on their IUCN red list status and presence in European directives and international

conventions.

» Identify aspects of the designthat canbe considered as arisk for the present endangered species.

» Identify possibleimprovementsto workonto minimise the impacts onthe endangered species.

» Provide recommendations for design processes based on the main risks associated and provide
global recommendations including monitoring survey protocols that are relevant to monitor the
species in the array area.

TABLE 7.19: LISTOF THE 26 ENDANGERED SPECIES CONSIDERED INESAMODULE

Latin name

Commun name

EBalaenoptera borealis
Balaenoptera musculus
EBalaenoptera physalus
Eubalaena glacialis
Phocoena phocoena
Physeter macrocephalus
Menachus moenachus
Aripenser sturio
Anguilla anguilla
Thunnus thynnus
Carcharodon carcharias
Lamna nasus
Cetorhinus maximus
Dipturus batis
Rostroraja alba
Squatina sqguatina
Eranta ruficollis
Polysticta stelleri
Numenius tenuirostris
Puffinus mauretanicus
Puffinus yelkouan
Eretmochelys imbricata
Lepidochelys kempii
Dermochelys coriacea
Caretta caretta

Chelonia mydas

Sei whale

Blue whale

Fin whale

MA rightwhale
Harbour porpoise

Sperm whale

Mediterranean Maonk seal

Sturgeon

Eurcpean Eel
Atlantic blue tuna
Greatwhite shark
Porbeagle

Basking Shark
Common skate
White skate
Angelshark

Red breasted goose
Steller's eider
Slender-billed Curlew
Balearic Shearwater
Yelkouan Shearwater
Hawlkskill turtle
Kemp's ridley
Leatherback
Loggerhead turtle

(Green sea turtle

ILICH status
(vears)

YU (2028}

LC (2008)
VU (zo06

YU (zo05)
YU (zo06)
YU (zo05)

YU (2016}
VU (2008}

WU (2008}

YU (2003}
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7.5.1.2 ENVIRONMENTAL IMPACT ASSESSMENT

Consideringthe different design choices, this feature will quantify the potential pressures generated
by the device array onthe maritime environment.

TABLE 7.20: LIST OF THE PRESSURES CONSIDERED INESA MODULE

Function's name Brief description

Footprint N Evaluation ofthe footprintimpact ofthe array components

Collisionrisk . Evaluation of collision risks between fauna (marine
mammals, fishand birds)and devices

Energy modification Evaluation of impact of the energy modification due to the

- array

Noise (underwater) a Evaluation of the impact of underwater noise produced by
the array

Electromagneticfields - Evaluation ofthe electromagnetic fields from the electrical
components

Chemical pollution Evaluation of potential chemical pollution due to devices or
facilities in the array (egoil leaks, antifouling leaks...)

Turbidity . Evaluation of the intensity of the modification of the
[ 4
#n
-
-

turbidity inthe water column due to the array

Temperature modification Evaluation of the impact of the water temperature

modifications around electrical components

Reef effect Evaluation of new habitats created from device's parts

(mainly foundations)

Reserve effect Evaluation the reserve effect (safe area) due to array area

where no fishing activity is allowed

Resting place Evaluation ofthe impact of emerged parts of the devices as

resting place for pinnipeds and birds.

7.5.1.3 CARBON FOOTPRINT

This feature performed a Life Cycle Assessment (LCA) structured by two main standards which are
ISO 14040 and ISO 14044 in order to:

» translate the preliminary flows (e.qg. bills of material required for the production of devices,
fuel required for transportationduringinstallation) of an MRE conceptual array into midpoint
informative indicators (l.e. Global Warming Potential (gCO2-eq/kWh), Cumulative Energy
Demand (MJ/kWh) and Energy Payback Period (Years))

» makeitpossible to situate a concept amongits alternative concepts and to judge, in the first
degree, ofits relevance.
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7.5.1.4 SOCIAL ACCEPTANCE

This feature provides insight on social acceptance ofthe project intermsof cost of consenting (€/kWh)
and jobs creation.

7.5.2 WORKFLOW FOR USING THETOOL

The workflow for using the Environmental and Social Acceptance module can be summarised as 1)
provide inputs, 2) perform anassessment depending on the complexity level, and 3) view the results,
asshownin Figure 7.21.

~
* Site Characterisation data from 5C module)
* Mechanical Characteristics data (from MC module)
¢ Energy Capture data (from EC module)

~
* Perform assessment of Endangered Species presence, Environmental

impacts, Carbon Footprint and social acceptance

-

* View results of the four environmental assessment features

FIGURE 7.21: WORKFLOW OFESA MODULE

7.5.3 OVERVIEW OF DATA REQUIREMENTS

This section summarises the types of input data required to run the Environmental and Social
Acceptance module. Full details and data specifications are givenin Section 3.4.4.

The required inputs to run the module are summarised at Table 7.21. Note that in integrated mode,
these will all come from other modulesexcept for environmental measurementsand optional inputs
(Table7.22).
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Section
Farminputs

TABLE 7.21: SUMMARY OF REQUIRED INPUTS

Complexity 1
Coordinates ofthe farm

Complexity 2
Global area description,
fishing regulation

(@)

Complexity 3
Global area description,
fishing regulation

Initial environmental
state
Devicesinputs General information, | General  information,

dimensions, resources,

dimensions, resources,

fishing restriction, | fishing restriction,
foundationsinformation | foundationsinformation
Measurements of
environmental
parameters
Electrical inputs General information, | General  information,

installation information,
fishing restriction,
resources

installation information,

fishing restriction,
resources
Measurements of
environmental
parameters

Logisticsinputs

Characteristics of the
boatsin each phase, fuel
consumption

Characteristics of the
boat in each phase, fuel
consumption
Measurements of
environmental
parameters

TABLE 7.22: SUMMARY OF OPTIONAL INPUTS

Section

Sub category

Farm inputs @ Protectedspecieson site
o Receptors presence on site and seasonal
information
7.5.4 TUTORIALS

7.5.4.1 CREATING A NEW ENVIRONMENTAL AND SOCIAL ACCEPTANCE STUDY IN

STANDALONE MODE

Once logged into the server, the next step is to create a new study within the Environmental and
Social Acceptance module. Since multiple users across multiple organisations may be simultaneously

accessingthe module onthe server, please add your organisation’s name in the name of the study
you create. Thisis to ensure that all users work onindependent studies and are not editing the same

study at the same time.

1. Inthe home page, select ‘Environmental and Social Acceptance Studies’ and click ‘Create new

project’.
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2. Choose“Standalone”runningmode, then select the appropriate complexity level.
3. Click ‘confirm’to enter list of inputs required in the chosen complexity level.
4. From any page of inputs, click on “save” or “save as” to name 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.]

7.5.4.2 USING ENVIRONMENTAL AND SOCIAL ACCEPTANCE AT LOW COMPLEXITY IN
STANDALONE MODE

To get information on the potential presence of endangered species and get recommendations on
mitigation measures to lower the main risks associated with the implementation. Use the low
complexity (level 1) version of the Environmental and Social Acceptance module. This assumes the
user has information only onthe coordinates ofimplementation.

1. If required, create a new complexity level 1study, as describedintutorial 2.
2. Fillthe “Farm info” inputs page
a. Enter Coordinates ofthe farm [required]
b. Addinformationabout protected species presentinthe area [optional]
c. Click “"Next page”
3. If successful, “inputs summary” page willappear and inform you if farm info is “complete”
a. Click “Run module”
b. Enteranameforyour projectin the “Save yourinputs before running” pop up
4. If the run calculation is successful, results page of Endangered species will appear and detail
by the five classes of species:
a. Taxonomicinformation
b. Mainassociated risks
c. Recommendationsonmitigation measures and surveys

7.5.4.3 USING ENVIRONMENTAL AND SOCIAL ACCEPTANCE AT MEDIUM/HIGH
COMPLEXITY IN STANDALONE MODE

To perform a more detailed assessment of a project environmental impacts use the full complexity
(level 2 or 3) version of the Environmental and Social Acceptance module. Difference between level 2
and 3, is the measurements of environmental parameters before and after implementation of the
farm. If the user has no information or if the project is not implemented yet, it is suggested to use
complexity level 2.

1. If required, create a new complexity level 2 or 3 study, as described intutorial 2.
2. Enter“Farm info” required inputs:
a. Inthe “farm generalinfo” section:
i. Enterthe coordinates ofthe farm (degree decimal),
ii. projectlifetime (years),
iii. Levelized costofEnergy (€¢/kWh)
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b.

c
d.
e

f.

In the “Area description” section:
i. Selectzonetype,

ii. Enter Waterdepth(m),

ii. Enter Current maindirection(degree),

iv. Selectsoiltype

v. In the “Initial state” section, enter initial measurements of turbidity,

underwater noise, electrical field, magnetic field and temperature

Select the fishing regulation applied in the farm
Inform on presence of endangered species inthe “protected species” section
Select the type of receptors global and seasonal presence in “receptors” section
Click “Next page”

3. Enter“deviceinfo” required inputs:

a.

In the “device general” info section:
i. Selectthe type ofdevice,
ii. Preciseif the device(s)are floatingor not
iii. Enterthe numberofdevice(s)
iv. Enterdevicelocations (UTM)
In “*Device dimensions” section:
i. Enter height, width, length of the device (m)
ii. Enterwetarea surface ofthe device (m2)
iii. Enterdryareasurface ofthe device (m?)
In the “Resources” section:
i. Entertheresourcereduction (%)
ii. Select used materials for device and precise quantity used and quantity to
recycle
In the “Environmental measurements” section:
i. Entermeasured noise ofthe device (dBre1u Pa)
ii. Entermeasured turbidity due to device installation(mg/L)
In the “Fishing restriction” section, enter total surface of fishing restriction around
devices (m?)
In “Foundation” section:
i. Select used materials for foundation and precise quantity used and quantity
torecycle
ii. Enterfootprintsurface offoundation
iii. Entercolonisable surface offoundation
iv. Entermeasured noise offoundation

g. Click “"Next page”
4. Enter“Electricalinfo” required inputs:

a.

b.

In the “electrical generalinfo”:
i. Enterannual energy produced (kWh)
ii. Entercolonisable surface of electrical components (m?2)
iii. Enterfootprint ofelectricalinstallation (m?)
In the “Installationinfo” section:
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i. Preciseifthereis a collection point
1. If yes, Enter collection point coordinates (UTM)
2. Entercollection points dimensions (height, width, length) (m)
3. Entercollection point wet area (m?)
4. Entercollectionpointdry area (m?)
ii. Preciseifthereis asubstation
iii. Preciseif cablesare buried
c. In the “Fishing restriction” section, enter total surface of fishing restriction around
cables (m?)
d. Inthe “Environmental measurements” section:
i. Entermeasured noise ofthe device (dBre1u Pa)
ii. Enter measured electricalfield (V/m)
iii. Enter measured magneticfield (uT)
iv. Enter measured temperature around cables(°C)
e. Click “"Next page”
5. For each phase of the life cycle of the farm (Installation, exploitation, decommissioning),
enter “Logisticinfo” required inputs:
a. Enternumberofvessels
Enter meansize of vessels (meanlao) (m)
Enter number of passengers onboats
Enter measured noise of the vessels (dBre1u Pa)
Enter measured turbidity due to marine operations (mg/L
Select type of chemical pollutant if any during marine operation
Entertotal fuel consumptionduringthe phase (kg)
Click “Next page”
6. In the “Inputs summary” page, check that all categories are “complete”, if not go back to fill

the required inputs
7. Click "*Run module”, name your project and save your inputs and click “save”

Se o an T
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8. ANNEX II: SOFTWARE EVALUATION FORM - STANDALONE
VERSIONS

8.1 SYSTEM PERFORMANCE AND ENERGY YIELD (SPEY)

Tool - Module: Assessment Design Tool - System Performance and Energy Yield

Name (user)

Company
Date Pick adelivery date

Instructions

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)

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 in general [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 of the 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 data input/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 sectionaims to assess the quality of resultsin terms ofaccuracy, robustness, and performance.
A Featureis amainfunctionality 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 expectationforthe stage | [Select]
oftechnology maturity
3.a.5 | The computationaltimeis adequate for the level ofaccuracy 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]

Comments about Inputs Collection
[Please add other key points and comments]
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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 | 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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8.2 SYSTEM LIFETIME COSTS (SLC)

Tool-Module: Assessment Design Tool - System Lifetime Costs

Name (user)
Company
Date Pick adelivery date

Instructions

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
(2) (2) (3) (4) (5)

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 in general [Select]
1.2 It is easy to create and delete a Study [Select]
1.3 It is easy to edit, save and exporta 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 canbe 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]

2. USER-FRIENDLINESS

This sectionaims to assess the user interface of the software.
ID Statement Rating
2.1 The user interfaceis simple, easy to navigate and well-organised [Select]
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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 data input/user selectionis clear [Select]
2.6 | The meaningof eachdataoutputis clear [Select]
2.7 Visualisation of results is 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 sectionaims to assess the quality of results in terms ofaccuracy, robustness, and performance.
A Featureis amainfunctionality ofthe 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.a.4 | The accuracy ofresults correspondsto the user expectationfor the stage | [Select]
oftechnology maturity
3.a.5 | The computationaltime is adequate for the level of accuracy provided [Select]
3.2.6 | Thesoftware did notsuffer from any 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]

Comments about Inputs Collection
[Please add other key points and comments]

Comments about Outputs: Bill of Materials tables
[Please add other key points and comments]
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Comments about Outputs: Economic metrics (LCOE, ...)
[Please add other key points and comments]

Comments about Outputs: Alternative Metrics (ACE)
[Please add other key points and comments]

Comments about Outputs: Financial metrics (IRR, NPV, ...)
[Please add other key points and comments]

Comments about Benchmarking metrics (CAPEX/KW, LCOE Breakdowns)
[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 sectionaims to record other qualitative aspectsnot mentioned above.
[Please add any final remarks]
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8.3 SYSTEM RELIABILITY, AVAILABILITY, MAINTAINABILITY, AND
SURVIVABILITY (RAMS)

Tool-Module: Assessment Design Tool - Reliability, Availability, Mantainability, Survivability

Name (user)
Company
Date Pick adelivery date

Instructions

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)

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 in general [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 canbe 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]

2. USER-FRIENDLINESS

This sectionaims to assess the user interface of the software.
ID Statement Rating
2.1 | The userinterfaceis simple, easy to navigate and well-organised [Select]
2.2 The user interface looks professional [Select]
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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 eachdata input/user selectionis clear [Select]

2.6 The meaning of each data output s clear [Select]

2.7 Visualisation of resultsis 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 sectionaims to assess the quality of results in terms ofaccuracy, robustness, and performance.
A Feature is amainfunctionality ofthe software thatadds value to the user.

ID Statement Rating
3.a.1 | Results arerobustand 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 ofresults correspondsto the user expectation for the 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]

Comments about Reliability assessment
[Please add other key points and comments]

Comments about Availability assessment
[Please add other key points and comments]

Comments about Maintainability assessment
[Please add other key points and comments]

Comments about Survivability assessment
[Please add other key points and comments]
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Comments about Outputs: Reliability
[Please add other key points and comments]

Comments about Outputs: Availability
[Please add other key points and comments]

Comments about Outputs: Maintainability
[Please add other key points and comments]

Comments about Outputs: Survivability
[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 user is 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 sectionaims to record other qualitative aspectsnot mentioned above.
[Please add any final remarks]
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8.4 ENVIRONMENTAL AND SOCIAL ACCEPTANCE (ESA)

Tool-Module: Assessment Design Tool - Environmental and Social Acceptance

Name (user)
Company
Date Pick adelivery date

Instructions

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
(2) (2) (3) (4) (5)

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 in general [Select]
1.2 It is easy to create and delete a Study [Select]
1.3 It is easy to edit, save and exporta 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 canbe 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]

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]
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2.4 It provides the user with enough help, indications and/or guidance | [Select]
throughout each process

2.5 The meaning of each data input/user selectionis clear [Select]
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 sectionaims to assess the quality of results in terms of accuracy, robustness, and performance.
A Feature is a mainfunctionality ofthe software thatadds value to the user.

ID Statement Rating
3.a.1 | Resultsarerobustand 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 ofaccuracy 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]

Comments about Inputs Collection
[Please add other key points and comments]

Comments about Outputs: Endangered species
[Please add other key points and comments]
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Comments about Outputs: Environmental Impact Assessment
[Please add other key points and comments]

Comments about Outputs: Carbon Footprint

[Please add other key points and comments]

Comments about Outputs: Social Acceptance

[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 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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9. ANNEXI1I1: ANONYMOUS FEEDBACK
9.1 SYSTEM PERFORMANCE AND ENERGY YIELD (SPEY)

SCORES
TABLE 9.1: USABILITY OFSPEY
ID Statement Response1 Response2 Response3 Responses; Responses
11 The software is intuitive and easy to use
. 5 4 5 4 4
in general
1.2 Itiseasy to create and delete a Study g 4 g 5 5
1.3 Itiseasy to edit, save and export a Study | 5 4 5 4 3
1.4 The process of inputting data is clear
- 4 4 5 3 3
and efficient
1.5 Results are meaningful, easy to
. 3 4 4 4 3
interpret and use
1.6 | could complete the process without
errors 4 3 > > 4
1.7 | am satisfied with the overall speed of
. 5 5 5 5 5
computation
1.8 The software can be run from my
. . 5 4 5 5 5
computer without any issue
1.9 |The training sessions and
documentation are useful for learning |5 5 5 5 3
how to use the software

TABLE 9.2: USER-FRIENDLINESS OF SPEY

ID Statement Response1 Response2 Response3 Responses; Responses
2.1 |The user interface is simple, easy to
. . 4 4 5 3 4
navigate and well-organised
2.2 The user interface looks professional 2 5 3 4 2
2.3 It responds promptly to user actions
) . . 5 5 5 5 3
(inputs, selections, clicks, ...)
2.4 |It providesthe user with enough help,
indications and/or guidance throughout |3 4 4 3 3
each process
2.5 | The meaning of each data input/user
o 4 4 5 3 2
selectionisclear
2.6 | The meaning of each dataoutputisclear| 4 4 5 4 2
2.7 Visualisation of results is clear and
. . 2 4 5 4 2
informative
2.8 | The user can add further information to
the Study through the interface > 3 4 > 4
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TABLE 9.3: PERFORMANCE AND ACCURACY OF SPEY

0
DTOcean+

ID Statement Response1 Response2 Response3 Responses; Responses
3.1 Results are robust and not sensitive to
. 5 4 5 5 4
small changes of inputs
3.2 Resultsare credible and trustworthy for
. 5 2 5 5 3
the audience
3.3 The accuracy of results is acceptable
considering the granularity/complexity | 5 4 g 5 4
of data inputsused
3.4 The accuracy of results corresponds to
the user expectation for the stage of |5 3 5 3 3
technology maturity
3.5 The computational time is adequate for
. 5 5 5 5 5
the level of accuracy provided
3.6 [The software did not suffer from any
sort of data shortage/lack of memory |5 5 5 5 5
during the test
3.7 The software can handle errorswithout
crashing > > > > 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.

TABLE 9.4: VALUE OF SPEY

ID Statement Response1 Response2 Response3 Responses; Responses
The software allows the user full control

41 . 4 5 5 4
of the design process
It produces results that allow easy

4.2 . 2 4 5 5 3
comparisons
It providesa large range of alternatives

4.3 . 4 4 4 5 4
to create/assess technologies
The user is informed about the internal
processing (e.g. remaining time, log)

4.ty 13 3 3 5 2
and warned about potentia
inconsistencies
The software meets my expectationsin

4.5 terms of results, graphical options, |4 4 4 4 3
interaction, and functionality
| would recommend the use of this

4.6 4 4 5 5 3
software
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COMMENTS
TABLE 9.5: COMMENTS FOR SPEY
ID Section Feature Comments
After clicking on 'Run’, it would be more user
1 | Usability - friendly to automatically go toresults, ratherthan
go backto the menu to view the study results.
Very quickand simpleto use, inputdata and
5 | User-friendliness ) navigate each result, however better visualisation of
the results would improve the tool. Easy to upload
dataand export results.
3 Performance & Study Management | Simple, clear, straightforward.
Accuracy
Could be useful to have short description of inputs
onthe GUI, so the userdoesn't need tosift through
user manuals /documentation. Like this for
4 Zerformance& Inputs:Collection characteristiclength, is useful for otherinputs too:
ccuracy
Characteristic Length [m] @
Performance & ] . The GUlsaysthat ajsonisrequired, when I triedto
5 Inputs:Collection : .
Accuracy input, it asks for excel. (exceptforlmo)
Performance & - No names on the axes of graphs - same forother
6 Output: Efficiency . ) o
Accuracy results with the option to visualise on a graph.
The results can'tbe compared with other studies (or
reference results), from what | could tell. 4.4 —user
7 | Value - : : PR
isnot informed about remaining time etc, butthe
toolisveryfast
The running of the tool was very smooth. Witha
good understandingof the inputs required, it should
8 | General remarks - be easyto use, and generate meaningful results
which can be saved easily. Visualisation could be
improved, to enhance userfriendliness.
9 | Usability i You needtofinish all input data to save (which is
difficult if you don‘t have json files)
There’sasmall bug, when you delete a project (that
10 | Usability ) isin memory) it brings you with Whi'Fe data When
you askinput data orresults (keepsid even ifit’s
deleted)
Onresultsit wouldbe great having some idea
11 | User-friendliness - before clicking... (information pop-up Like total
amount, mean value orsomething similar)
Performance & :
12 Accuracy Inputs:Collection Put label on each input data sheet (Machine, site,...)
Performance & :
3 Accuracy Inputs:Collection Allow to save incomplete, especially forjson files.
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Some results regarding efficiency

valueslooks formally not correct: values higherthan
unity has been obtained in tidal RM1

case "device_rel_transf_eff","value":

Output: Efficiency [0.9991413989213692, 1.004256639524 5125,
0.9890573340347277, 0.9957401501444797,
1.0289278396501071, 1.0969628313891415,
1.0044074989254852,0.9897932418080151,
0.9936548483055834, 1.0005809936453296]

From a Grid point of view a power quality parameter
could be the arrayirregularity of produced
Performance & Output: Power power (e.g. power variance) and its comparison with
Accuracy quality single device powerirregularity. The reduced power
irregularity is beneficial to the energy storage
system too.

Performance &

14 Accuracy

15

The overalltoolis great. Maybe improving the
aspect of the website to make it more professional.
The usability is globally very good. Maybe the one
small thing that could be quicklyimproveisto
automatically replace®,” by “.” when writinga
number (forexample 2,617to2.617directly)
Generally, itisvery usable, especially the clearlists
of results split up into‘Efficiency’, ‘Alternative

18 | Usability - Metrics’, ‘Energy Production’ and ‘Power Quality’ —
this was really nice to go between these results and
see everything so clearly.

Not full marks as there as an option forastudy to
19 | Usability - “Export DR”, thisis essentially exporting a study,
but maybe thisisnotclearto new users.
Additionally, a clearer nameforthe “Edit” button
would probably be better (similarto feedback

20 | Usability - received for SG module). Thisis a buttonforsimply
editing name and description, and some might think
it was edit inputs or somethinglike that.
Thisscored a3 asthere was some duplication of
valuesinthe filestobe uploaded and valuesto be
typed in by the user. We know the amount of data
input required is due tothetool beingin
Standalone mode andwhenit’sin Integrated mode
thiswould not be as lengthy a process. Relative to
othermodules, the input requirements are quite
low.

I think the results are easy to interpret because of
the pop-up information buttons whichare very
helpful. Withoutthese, I think the tool would be
very hard to understand.

16 | General remarks -

17 | Usability -

21 | Usability -

22 | Usability -
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It would be good to add temporary loadingscreens
while the back-end is finishing calling the routes.
Particularly useful for some of the results pages that
can take asmall bit longerto load.
Loading/computationspeeds are very good, but
often the ‘skeleton’ of the GUI page is shown and
then, soon after, it “refreshes” withthe actual data.
Loading screens could be usedto solve this
easily. https://element.eleme.io/#/en-
US/component/loading
The training was very good and setme up well to
24 | Usability - run the verification, in particular the demonstrations
of the tool
| found it very well organised, but | wouldsay some
more informative ‘Introduction’ tothe tool would be
useful e.g. Asummary of the tool, what it aims to
achieve and why theresults are useful.

Aswith comments on 2.1, more guidance and help
bars would be welcome. Forexample, an
introductory sectionon would be beneficial, as
would a pop-up screenforeach page of the GUI just
advising the user where to start or whateachpage
isconcerned with

The meaning of the datawas clearbutlthinkthisis
because I have seen a demonstration of the tool
twice before.ldon’t knowif it would be asintuitive
to someone forthefirst time, butthis could be
addressed by the commentabove —by having a
clearerIntroduction tothetool.

23 | Usability -

25 | User-friendliness -

26 | User-friendliness -

27 | User-friendliness -

Yes, with the pop-up Information buttons being
critical to this

Visualisation is mostly good. A couple of minor bugs
(see section 3) and the formattingand labels of axes
29 | User-friendliness - in graphs could be tidied up. Lots of unlabelled
figures at the moment, e.g. monthly x-axis plots
that have numbers as ticks representing months.
Tested sensitivity of efficiency metrics to minor
Study Management | changesintheinputs andthe accuracy was as
expected

28 | User-friendliness -

Performance&

30 Accuracy
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Since there was no option toselecta Complexity
Level, it would be betterifit is clearto the userthat
the tool can run without all of the inputs. For
example, the Station Keeping module has kept the
complexity levels, butforthe lowerlevels some of
the inputs are hidden since thetool canrun without
them. We know SPEY neverintendedto have
complexity levels, butit needsto be clearthatthe
tool can run with differentamounts of inputs. If
even two complexity levels were available then this
would keep consistency withthe other modules —
Study Management | forexample:

Cpx_1:Modulejust asks for SC and MC inputs
CPx_2:Allinputs are required

Alternatively, make sure'Optional’ and ‘Required’
are labelled nextto each of the inputs and the user
can provide asmuch oraslittleasthey like to the
SPEY module.

It isnot absolutely essential for SPEY tohave a
complexity level dropdown, but if Deployment
modulesall use complexity level 1 asthe inputs to
SPEY, thenit should be clearthatit is‘complexity 1’
for SPEY that is being run (If thisis the case).

Performance &

31 Accuracy

Performance & Inputs:Collection Typo in error message “you must complete
Accuracy atlest MCand SC aat least”
The explanatory text column on the Input Selection
screen couldbe clearer. To me, the options are a)
provide userdefinedinputs orb) use amodule study
inintegratedmode. So if you are doing the User
Defined routes, there should not be areference to
Performance & | Collecti anothermodule study. Assuch, | suggest changing
Accuracy nputs:Collection wording from “Not defined MCstudy” to *“MCinputs
have not beendefined”. Also change “The selected
MCstudy is User-Defined” to"The MC inputs are
user-defined”. Fortheintegrated case, you can use
somethinglike "The MCinputs from Study X have
beenselected"”.
The headerof theinput dialog boxes should be
specifictothetab.l.e.ifyou are inputtingthe MC
inputs, the dialogbox header should be *“Machine
Characterisationinputs”, not “Input data”.
[already implemented] Improve labelling of “Run”
and “Update” buttons. Was expecting to have to
Inputs:Collection click“Update” to update the inputs and then click
“Run”to run theanalysis again. Butthisis notthe
case. Suggest updating the buttonlabels to clarify.
Most columns have an empty View column —|
wondered if these would always be empty or if there
Performance & - are planstofill thisin? Either way I thinkit’'s OK —
Output: Efficiency : ) N
Accuracy perhapsinthe empty onesit could say “"No charts
available forthis metric”so the user doesn‘t think
there is something wrongor missing.

32

33

Performance &

Inputs:Collection
Accuracy P

34

Performance &

35 Accuracy

36
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Performance & Output: Efficienc Forthe graphsthat are available, labelled axes (with
37 Accuracy put Y unitsincluded where applicable) wouldbe better
!
Performance & Outputs: Alternative These are great! Very usefulforthe user. Same
38 s commentapplies on labelled axes as not all of them
Accuracy Metrics . .
had labels, especially the x axis.
3 Performance & Outputs: Alternative | Being able to switch between'array’ and ‘device’
Accuracy Metrics levelisvery useful —greatfeature!
I think the table couldbe clearer —forexamplel
Performance & Outputs: Power D .
40 . thinkl’'m looking at the years as the columns but
Accuracy Quality .
this could be labelledmore clearly
Typo:P li
Performance & Outputs: Power yp(? ower Quality tab>>>
41| o . Device Transfomerd energy phase >>> should be
ccuracy Quality
transformed
The Device Transformed energy phase graph is
Performance & Outputs: Power really nice, but shouldhave betterlabels. E.g. use
42 Accuracy Quality “Device 1, Device 2" (orwhatever it is) ratherthan
“Element1, Element2”inthelegend.
43 Performance & Energy Production Too many decimal places on the energy values
Accuracy e.g.6951735.568265123
Performance & :
Lt Energy Production o
Accuracy Years are labelled clearly here whichis good.
In*Device Monthly Net Energy Ratio’ (all device
monthly parameters, in fact); thereisabug when
Performance & , . .
45 | Accurac Energy Production | openingany of the nested results. Weird
y “isRootInsert”, “*elm” and/or“undefined”added to
table
We gave thisagsince SPEY does notrestrictthe
6 | value ) userintheirdesign, and isopen enoughto accept a
4 range of technologies, therefore the user has
control overtheirdesign.
47 | Value . Absolutely. Forinstance, the alternative metrics go
above and beyond the expectedrange of outputs.
48 | Value i | didn’t witness any information on processing time,
but perhaps this wasn't necessary
Once the graphs are formatted correctly, the
tabularand graphical results will be excellent. Right
49 | Value - . o L
now, they just need some tidying up. Thisis my
reason forscoringa 4 andnotas
The tool looks great and is fairly intuitive to use. The
50 | General remarks - GUlisnicely presented, especially the opening
page.
As mentioned in the comments, I'd like to
see either different complexity levelsin the tool
51 | General remarks - with lessinputs foralowerlevel of
complexity ORit's very clear which inputs are
‘Optional’ and which are ‘Required’
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Formattingof numbers; use thousandseparatorsin
numberinputs (eg. 219,370ratherthan 219370) and
52 | General remarks - round to appropriate significant figures. At the
moment, fartoo many significantfiguresin most
numeric results

Formatting; on all results pages, forthe

53 | General remarks - parameters...include a space betweenname of
parameterand information button

Excellenterror checking and validation; thisis really
good. Forinstance, making sure number of devices
input by the user lines up withvalues specified in
Excel orinput JSON files. Or, not beingable torun
the tool unlessMCand SC are completed. All this
input validationis really beneficial, with good
feedbackto the userasto why actions cannot be
performed.

[already implemented] Ontheresults page, the
“Inputs” tab should be below the “Outputs” tab and
the defaulttab thatis shown when results page is
55 | General remarks - loaded should be the outputs. Clearertothe user.
Inputs are additional information, outputs are what
the userreally wants tosee whenclicking
“outputs”.

| expected the Edit button not toallow to editonly
the study name, butthe study itself, while the
“Open” button allow to edit the study. Maybe this
could be adjusted.

The json format is not somethinglam familiar with,
57 | Usability - thusthe option to save results with this format was
not of particularinterestforme

Maybe manipulatingaslider could be betterthan
the +/- buttons, adding 1 unit per click. Adapting the
58 | Usability - stepsto the expected values/range of values could
be good (1000 unit steps when the input magnitude
isexpected tobe around soooofor exemple)

It could be useful to provide the user with

a preprocessing tool to help formattinginputsinto a
json format, orthe Excel file format whichis
required forthe inputs provided by the other
modules whenin astandalone use, withmore
guidance foreach subtable of the Excelfiles (in case
this standalone use should really be used by end-
usersin some cases).

| hope training material suchas the ones we had for
Stage Gate and StructuredInnovationtools would
be available to public, it helped me save alot of
time, though the training session was helpful.

61 | User-friendliness - | didn't find useful todisplay the Current Speyld.

54 | Generalremarks -

56 | Usability -

59 | Usability -

60 | Usability -

62 | User-friendliness . The error message when providingafile whichis
not an XLSX fileis"
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63 | User-friendliness

Feature

Comments

| found alot atypo errors (probably due tolack of
time to fixit.

64 | User-friendliness

Maybe the information sign ('’ in a black circle)
could be displayedsomewhere elsein the results
section, I did not find this really aesthetical tohave
it following the parameter name.

65 | User-friendliness

Ifilled the inputs, confirmed, thenremoved the
values and confirmed again, came back tothis
window (the inputs where there), butl could not
confirm (the buttondid not work) and quit
this ED windows, | had to cancel (whichhad the
same effectasvalueswere keptin memory). Maybe
thisisa bug. Note in theillustration below thatthe
Excelfile had been kept in memory, thus the error
message is weird. | could not change the Excel file,
as it accepted thefile in the dropbox, but | could not
confirm in the ED window.

Input Data

Array Annual Delivered Energy Production [KWh] 31738031.2
Total Length of Cables [m] 426.35
Export Cable Length [m] 1561.19

Power Delivery

Cancel

66 | User-friendliness

Ina general manner, | would appreciate way more
description of whatisintended asinputs for Excel
tablesrequiredbythetool (maybethisis not really
important asthe SPEYtoolisnot really intended to
be usedin astandaloneversion?).

67 | User-friendliness

When clicking on the button which opensthe
windows where user provides inputs, thereis no
indication of the module beingfilled, and maybe it
could be more user-friendly to have somethinglike
‘Input Data: Energy Delivery’ at the top of this
window. It could be flagged in this window to the
userthat axlIsxfile hasbeenread and accepted by
the tool.

68 | User-friendliness

The red asterisks could be supplemented

with an explanationthatthe section tobe filled is
mandatory (evenif an error message prevent
from clicking on the “"Confirm” button).
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| could launch the study without providing all the
elements, butlwould appreciate to be aware of
what inputs | providedand what I didn‘t (for
example llaunchedthe study withoutfillingthe
Excelfile forthe ECmodule —well, I think-, but it
was never explained to me if it would change or not
the results, and no message cametoindicate that
such input was missing). Maybe it was kept in
memory, but justnot displayedin the window in the
69 | User-friendliness - way it is below (because | was pretty sureto have
previously dropped thefilein the box, and maybe |
ran a study before witnessing there were no file
displayed underthe box, maybe it changes this
information):

json files with a size less than 2Mb

ET_RM1.xlsx

Cancel

Maybe a progression bar with the fraction of
information provided by the user over what is
expectedbythetool, foreach section (MC, SC,
EC,...) could be useful, as well as guidance regarding
70 | User-friendliness - the risks of running the tool with incomplete
information forthese sections. Nonetheless, the
inputs are summarizedin the Results section, which
helpstoidentify what is missing.

| had this bug when passingwithmy cursoron the
help for Power Delivery Histogram:

Numb evices@

71 | User-friendliness -

L@

InputSelection/Machine characterisation: | found
input definitiontoomuch oriented towards

wave energy. Once telling I will do atidal study, |

72 | User-friendliness - would find more interesting toonly inputrotor
diameterinstead of wet area and characteristic
length (I can’tunderstand if wetareais used for tidal
device ?). Why is wet area different from4oom”2 ?
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InputSelection/Site characterization:

Unit forthe first input is kW/mA2, the square has
been forgotten.

Maybe removing Annual Average Flux Wave and
Monthly Wave Scatter Diagram could be better
than shadingiit.

Indication ‘json files with a size less than 2Mb’ under
the file drop box may be misleading, as people may
think only thisfile formatis accepted. This section
doesnot emitany warning orerror messageif the
user putsinto it more than onefile, orif the format
cannot be processed.

When running without filling ED and LMO section, |
had the weird message ‘November'.

Maybe alot of work could be done ondata
visualization, because the current proposition is not
really professional (e.g. some dropdown menus
could be added to make it more user-friendly,
instead ofthe [...], splittingthe big array in multiple
subarrays sorted by parameter categories, ...)
Some tables are really hard toread, acutinthe

75 | User-friendliness - decimal part could help, and in some case, the
“View” columnisempty

In every table we access from the previous one
clickingon[...], we get the following ones, with the
two last lines with weird outputs:

254951.176916933

73 | User-friendliness -

74 | User-friendliness -

14 254951.176916933
15 254951.176316933
16 254951.176916933
76 | User-friendliness -
17 248097.6506557251
18 254951.176916933
19 254951.176316933
20 254951.176916933
isRootinsert

elm undefined

Maybe it could be useful toadapt the tools that can
be usedtovisualize the plot (ex:zoom, lasso

77 | User-friendliness - selection...)tothedatato be plotted(e.g.all the
zoom optionsfordatarelativetomonthly dataare
not really useful)

78 | User-friendliness - Adding axis legends would help alot
It is hard to assessthe meaningtrustworthiness of
Performance & Output: Effici results, because anumber of inputs were not totally
79 Accuracy VIPULETICIENTY 1 Cleartome, in the way they were defined in the
Excelfiles

DTOceanPlus Deliverable, Grant Agreement No 785921 Page 172|201




D6.6 DTOcean+
Testing and verification results of the Assessment Design tools — beta o —

version

9.2 SYSTEM LIFETIME COSTS (SLC)

SCORES
TABLE 9.6: USABILITY OFSLC
ID Statement ‘Response:l. Response 2 ‘ Response 3 Response 4 Response 5 Response 6
1.1 | The software isintuitive and easy
. 4 4 4 4 5 4
touse in general
1.2 [It is easy to create and delete a
4 5 5 4 5 5
Study
1.3 |ltiseasy toedit, save and export
4 3 3 3 4 4
a Study
1.4 |The process of inputting data is
- 3 3 4 4 3 5
clear and efficient
1.5 |Results are meaningful, easy to
interpret and use 3 3 3 3 4 5
1.6 || could complete the process
. 3 5 5 3 5 5
without errors
1.7 |l am satisfied with the overall
. 4 5 5 4 5 5
speed of computation
1.8 |The software can be run from my
. . 3 5 5 4 5 5
computer without any issue
1.9 |[The training sessions and
documentation are useful for|s 3 4 3 4 5
learning how to use the software

TABLE 9.7: USER-FRIENDLINESS OFSLC

ID Statement ‘Response:. Responsez‘Response3 Response 4 Response 5 Response 6
2.1 | The userinterface issimple, easy
. . 4 3 4 4 4 5
to navigate and well-organised
2.2 | The user interface looks
. 3 2 5 3 4 5
professional
2.3 |[It responds promptly to user
actions (inputs, selections, clicks, |3 5 3 2 2 5
)
2.4 | It provides the user with enough
help, indications and/or guidance |3 2 3 2 3 4
throughout each process
2.5 | The meaning of each data
. . 4 2 4 3 4 5
input/user selection isclear
2.6 | The meaning of each data output
. 3 4 4 3 2 5
isclear
2.7 | Visualisation of results is clear
. . 3 3 4 1 3 4
and informative
2.8 [The wuser can add further
information to the Study through|3 1 3 3 4 4
the interface
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TABLE 9.8: PERFORMANCE AND ACCURACY OF SLC

Statement Response1 Response2 Response3 Response 4 Responses Response 6

3.1 |Results are robust and not
sensitive to small changes of|4 5 5 3 4 5
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 5 5 3 5 5
provided

3.6 |The software did not suffer from
any sort of data shortage/lack of | 4 2 5 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 9.9: VALUE OF SLC
ID Statement Response1 Response2 Response3 Response 4 Responses Response 6
The software allows the user full

1 -
4 control of the design process > 4 3 f >

It producesresultsthat allow easy

4.2 . 4 2 3 4 4 5
comparisons

It provides a large range of
4.3 |alternatives to create/assess | 4 - 2 3 4 5
technologies

The user is informed about the

internal processing (e.g.

. 2 1 1 2
ol remaining time, log) and warned 3 3

about potential inconsistencies

The software  meets my
expectations in terms of results,

o graphical options, interaction, 3 3 4 3 4 4
and functionality
I would recommend the use of

4.6 . ] . ) 4 )

this software
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COMMENTS
TABLE 9.10: COMMENTS FORSLC
ID Feature Subject ‘ Comments
Left-hand panelis not intuitive. What does the
1 | General comments Left Panel .
Projectstab meanttodo?
- Change title "Please Enter Details belowto start SLC
2 | General comments Initial page .2
Project
3 | General comments Initial page Change levels of complexity from low/medium/high
to1/2/3
4 | General comments Initial page Open/Edit study terminologies is confusing. Change
(maybe use the one from ED or SG)
Allnumerical values shouldhave 1000 separators
5 | General comments All pages :
(resultsandinputs)
Sometimes unresponsive "view" buttons, which
6 | General comments All pages . L . :
sometimes needs clicking multiple times
General comments All pages Review capitalisation of the headingis a bit mixed
8 | Usability ) Implemeqt progress bar (whichwouldfollow in every
page, not just thefirst)
Usability ) Create feedback messages after pressing validate
9 button to warn userthat everythingwent ok ornot
Usability If isany problem with theinputsageneric 'problem
10 ) computing results' message appears briefly, but
there isnot explanation of the error or steps to fixiit,
which is aserious flaw
Usability Warning messages to warn userin case of missing
11 - o .
data (which inputs are missing)
Usability Create less generic/more personalized error
12 - messages when introducing wrong input files
(instead of just problem computing result)
. Had issues as mentioned above withclicks
13 | Usability - Lo
registering
Performance & T Currently, not easy to compare against other
14 Functionalities ) . ) .
Accuracy studies/projects. Add the option todo this?
Performance & o Having an option toexport t.he study (Excel/CSV)
15 | Accurac Functionalities and generate a pdf report will add value tothe tool.
Y According to verifiers, excel is better thanjson
Perf o .
16 | crormance & Functionalities Implement export study option
Accuracy
Performance & o .
17 Functionalities Implement export DRoption
Accuracy
18 Performance & Input page Change buttonname from "Validate"
Accuracy
1 Performance & Input page Change buttonsin input page to"view/edit"
9 Accuracy putpag g putpag
It would also be niceto havethe scopetoaddina
Performance & , .
20 Allinputs contingecy on top of the other cost elementstodeal
Accuracy . e .
with optimismbias etc.
Performance & . Maybe manipulatingaslider could be betterthanthe
21 Allinputs . . .
Accuracy +/-buttons, adding 1 unit perclick.
Adapting the steps to the expected valuesfrange of
Performance & . values could be good (100 unitsteps when the input
22 Allinputs . .
Accuracy magnitudeis expected tobe around 1000for
exemple).
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ID Feature Subject ‘ Comments
Create pop-upbutton with further information about
N Performance & Allinouts each input (e.g. FIT, FIT years, typical ranges of
3 Accuracy P discount rate). Would be goodto describe how it will
probably affect theresults
The option to add furtherinformation ot the study
Performance & , . . .
24 Accurac Allinputs throughtheinterfaceisnotavailable (e.g.
y commentary box with source of data)
Performance & . Show filled mput_s inredorgreen depending whether
25 Accuracy Allinputs they have been filled or not (or othertype of
indication)
Adding more devices: If | change VS1VCato have s
devices, the LCOE goes upratherthan down. |
Performance & . presume thisis because the total capex gets
26 Allinputs . ) .
Accuracy increased slightly from the extra devices, butthe
AEP and otherinputs from files don't change, but
thisisnot clear
Performance & . " "
27 Accuracy Generalinputs Introduce other"annual costs".
Financial metrics: If ladd a 100M€ grant to VS1VC3y,
Performance & . . . . :
28 Accurac Financial inputs it gives a Pay-back Period: -1.0 years. I'm not sure
y negative years make sense
Difficulty in introducingdecimal values"0.05"in the
Performance & , - . .
29 Financialinputs FIT and market price and surface thickness entry
Accuracy boxes
Performance & ) - FIT movesin €1 and it should be lower (increments of
30 Accuracy Financial inputs 0.1/0.01)
Performance & . - FIT /market price inputs are not clearto non-expert
31 Accuracy Financial inputs people
When entering grant value, wouldbe nice if it could
Performance & . - -
32 Accurac Financial inputs be formattedto show thousands (asit iseasy to add
y wrong number of zeros in 100M«€)
Performance & Financial inouts | cannot changethefinancial inputsto removea FIT
33 Accuracy P (by setting it tozero), tried this when adding a grant
34 Performance & ACE inputs Change surface thicknessincrementstoo.01m
Accuracy
35 Per/:cgzrsfarl;e & ACE inputs Not clearhowthisis valuable for Tidal developers
Performance & - Describe what device structural costsinclude
36 Accuracy Economicinputs (pto?...)
Performance & Economic inbut Reformat grant value to show thousands (it's easy to
37 Accuracy conomicinputs add the wrong number of zeros)
Plant lifetime (20 years) cannot be modified because
Performance & - R o
38 Accurac Economicinputs the AEPisafixed input and it is notre-evaluated by
y modifying number of years.
Performance & Economic inputs Lockinput of project lifetime in case AEPis
39 Accuracy P introduced? Otherwise request avg. AEP?
Performance & . Allow userto edit/update individual external files
40 External inputs . .
Accuracy afterhaving left the External input page
If | don't input the files, | get an error message that
41 Performance & External inputs dis'appears quite quickIy'pr(.)bI.emcomputing results,
Accuracy thisneedsto be more descriptive of what went
wrong and needsto be fixed, and not disappear.
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ID Feature Subject ‘ Comments ‘
Performance & The result pages need a bit more forn?\attmg, thetop
42 Accuracy Results page headers should be frozen when scrolling downthe
page.
Group results asthey look disjointed, jointthem?
Performance & . . ) g
43 Accurac Results page Presenting resultsin tabs instead of in different
vracy pages (like LMO)
Performance & Inthe report page, it is worth also displaying the
YA Results page complexity level, below the Name of the study &
Accuracy e
description
Performance & lam not sure the resultsneed tobe spllt.up ong
45 Accuracy Results page pages, having a separate page forthe 4 financial
metrics particularly.
It would be good if some way to visualise the
Performance & , . : .
46 Accurac Results page financial metrics, and comparison tothe
y benchmarks, but maybe this s still to be added
47 Performance & All results Representresults graphically (e.g. payback time,
Accuracy cashflows, ...)
Performance & Introduce contextual messages (Negative NPV,
48 Allresults o .
Accuracy means that projectis not profitable)
Performance & Provide guidance on howtointerpretthe results and
49 All results N .
Accuracy the ‘What next question'.
Performance & Present results (economicand financial) as tables
50 Allresults .
Accuracy instead of text.
Performance & Outputreadability: separation bet\{vgenthe .
51 Allresults thousands separator but not the million (e.g. unit
Accuracy
costs)
Performance & . Provide feedback/guidance about what next? How
52 Economic results .
Accuracy could these values be improved?
Performance & . _ Introduce sub-totals and grand totals in the Bill of
53 Bill of Materials .
Accuracy Materials
Performance & . . The tables should look neater, data formatted, title
54 Bill of Materials
Accuracy text not truncated
55 Peric;rcrzfanccye & Bill of Materials Frozen top row (for visibility when scrolling)
Performance & . , Unit of Measurement column doesn’t seemcorrect
56 Bill of Materials :
Accuracy (device total cost- N/A?)
Performance & . . Formatting of larger number- use of 1000 separators
57 Bill of Materials .
Accuracy might be useful
Perf . . . .
58 erformance & Bill of Materials Omit parameters that will not be shown at CPXa
Accuracy
Perf
59 erformance & Bill of Materials Option to export BOM
Accuracy
60 Performance & Bill of Materials Consistency neededusing CAPEX or CapEx, same for
Accuracy OPEX
61 Performance & Bill of Materials Remove "bouncing animation"in BOM outputs as it
Accuracy moves buttons
The format of top headerwith thetitle of eachresult
Perf . . .gID, N i
6> erformance & Bill of Materials (e 91D, Name, Quantity, etc)doesnot s_ee“mto )
Accuracy maintain asize of the text. An example is “category
inthe shown screenshot
6 Performance & Bill of Materials The combined Project Bill of Materials has entries
3 Accuracy fortotal ET system etc, | think this should be spelt
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ID Feature Subject ‘ Comments
outin full.lwould also expect there tobe a column
to give avalue forthisratherthan justn/a.
Perf . . . e
64 erformance & Bill of Materials The bill of materialsis missing sub and grandtotals
Accuracy
Performance & . . Do not allow payback periods to have negative
65 Financial results )
Accuracy values (in case of an extreme grant)
At some point the thousands also become harderto
Performance & _ . ) )
66 Financial results read. Change units dependingon how large the value
Accuracy is?
Perf & , . . . :
67 errmance Financial results Presenting outputsin table format might be neater
ccuracy
Performance & . ' Conte>.<t.ual help mightbe useful here. (e.g. NPV -
68 A Financial results 80.8million, so what does that tell the user....) so
CCUraCy H H \ 1" W\ "
guidance into the'So what” or "Whatto donext
69 Performance & Financial results Remove decimals when showing millions
Accuracy
Performance & . . Present graph of cashflows (income vs. Expenses)
70 Financial results . .
Accuracy with paybacktimes
Performance & . . L
71 Accuracy Benchmarking Project stage optiondisabled
Performance & . Cost over LCOE do notsum to 100% (99.9%) (due to
72 Benchmarking .
Accuracy rounding errors)
Performance & Benchmarkin Introduce cake charts for composition of costs over
/3 Accuracy g LCOE
could really benefit from some formatting to make
Performance & . .
74 Accurac Benchmarking results clearer, at momentvery hard to follow as just
Y text on white background
Performance & The Spreadsheet provided could use the same
75 Input spreadsheet . . .
Accuracy terminology as the tool toavoid confusion
Where some of the data are uploaded asfiles (e.g.
6 Performance & Inbut spreadsheet BOM of ED), it's also worth making clearin the
7 Accuracy putsp Spreadsheetthatthe data provided as just for
reference as already inputtedin thefiles.
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9.3 SYSTEM RELIABILITY, AVAILABILITY, MAINTAINABILITY, AND
SURVIVABILITY (RAMS)

SCORES
TABLE 9.11: USABILITY OF RAMS
ID Statement Response1 Response2 Response3 Response 4 Responses Response 6
1.1 | The software isintuitive and easy
. 5 4 5 4 4 4
touse ingeneral
1.2 [It is easy to create and delete a
5 4 5 5 5 5
Study
1.3 [Itiseasy to edit, save and export
4 3 5 4 4 5
a Study
1.4 | The process of inputting data is
- 3 3 5 4 2 4
clear and efficient
1.5 [Results are meaningful, easy to
. 4 3 3 4 3 4
interpret and use
1.6 [l could complete the process
. 5 4 5 4 4 5
without errors
1.7 |l am satisfied with the overall
. 5 4 5 4 3 5
speed of computation
1.8 |The software can be run from my
. . 5 4 5 4 4 5
computer without any issue
1.9 |[The training sessions and
documentation are useful for|s 4 5 4 4 4
learning how to use the software

TABLE 9.12: USER-FRIENDLINESS OF RAMS

ID Statement ‘Response:l. Responsez‘Response3 Response 4 Response 5 Response 6
2.1 | The userinterface issimple, easy
to navigate and well-organised 5 4 5 4 4 4
2.2 | The user interface looks
. 3 3 5 3 2 4
professional
2.3 |[It responds promptly to user
actions (inputs, selections, clicks, |5 4 5 3 3 5
)
2.4 | It provides the user with enough
help, indications and/or guidance | 4 2 5 2 2 4
throughout each process
2.5 | The meaning of each data
. L 4 3 4 2 2 4
input/user selectionisclear
2.6 [ The meaning of each data output
. 4 3 4 2 4 4
isclear
2.7 | Visualisation of results is clear
. . 4 3 5 4 2 4
and informative
2.8 [The wuser can add further
information to the Study through|3 3 4 3 3 4
the interface
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TABLE 9.13: PERFORMANCE AND ACCURACY OF RAMS

Statement Response1 Response2 Response3 Response 4 Responses Response 6

3.1 |Results are robust and not
sensitive to small changes of|4 4 5 3 4 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
technology maturity

3.5 |The computational time s
adequate for the level of accuracy | 5 4 5 4 4 5
provided

3.6 |The software did not suffer from
any sort of data shortage/lack of | 5 4 5 4 3 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 9.14: VALUE OF RAMS
ID Statement Response1 Response2 Response3 Response 4 Responses Response 6

The software allows the user full
4.1 . 4 2 4 3 2 4
control of the design process

It producesresultsthat allow easy

4.2 . 3 3 5 4 4 1
comparisons

It provides a large range of
4.3 |alternatives to create/assess | 4 2 4 3 3 3
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
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COMMENTS
TABLE 9.15: COMMENTS FORRAMS
ID Feature Subject Comments
Possibly change the “installationlifespan” term to
. Creating/editing | somethinglike projectlifetime? Also | was surprised that
1 | Usability . . . .
a newstudy this was asked so early (immediately whencreatingthe
study).
Creating/editin The line breaks in this window are a bit weird. Can
2 | Usability ingrediing everything be place in the same line, by reducing the size
a newstudy .
ofthe input boxes?
5 | usability Project list view Thelfe isa“Date” column which does not have any
entries.
4 | Usability Project list view | I'm not sure what the Status column means.
I'm not sure thisisaproblembut!’'m notsure if you are
aware of this. Right nowthe useris allowed to clickon
one of the metrics on theleft panel and randomly enter a
study. | can see this possibly causing problems, suchas
editing studies unintentionally because they were not
required to clickthe correct study nametomovetothe
next phase.
@& Home =i Dashboard / RAM.S studies
. . . . M RAMSsludies
5 | Usability Project list view Acd New P
Reliability
test 1
Availability
AAU_RM1 1
[RETETETIY
AAL_RM3 1
Survivability
SABELLA_QPE
4 Links M1 1
6 | Usabilit Reliability | really like the file inputting experience (side bar).
Y section However, | did not understand how afile can be deleted.
Error message whenintroducing the wronghierarchy in
Usabilit Reliability the wrong place (e.g. ET instead of ED) is a really nice to
7 Y section have, but would be great if it couldbe more explicative
(wrong file format?)
. Reliability Tried tointroduce two filesat onceand it gavean
8 | Usability . o :
section explicative error message. Nice.
When introducingafile that | had previously introduced,
. Reliability isthe module replacing fromthe database onefile for
9 | Usability . . .
section the other?If so, amessage saying this should be
produced.
Apersistence message (thatthe user must click ok)
Reliabilit could be shown tothe user afterrunningthe
10 | Usability seect?on y calculations, because it’s not clear when they are done
(maybe amessage was temporarily shown but|was
looking elsewhere anddid notnotice).
11 | Usability Rellgblllty The help /information buttons are areally nice feature.
section Good job.
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. I'm assuming the array category includes the failures of
. Reliability . . :
12 | Usability . all components? Maybe mentionthis somewhere in the
section
help buttons?
You mention that the number of simulations should be
. Reliability around 5 fortesting purposes. Doyou have an idea of
13 | Usability . . . )
section how many it would be expected in normal running
conditions? 100? 10007
One ofthe PTOs (RM1 cpxa,
. Usabilit Reliability DEV_o_PTO_1_o_Mech/Elec/Grid) does not have data
4 Y section entries? Why is that? Why is the max_ttf"-1" ? I would
expect itto be-1in case of no failure occurring.
Usabilit Reliability Number of Simulations. Also, in that “ibutton”it’s
15 sabiiity section written Montecarloinstead of Monte Carlo
Reliabilit | really enjoyed how you're presentingthe Time to
16 | Usability DY Failure plot. Please add horizontal axis label (Time to
section L
failure in hours).
Name of deviceis partially hidden?

17 | Usability Availability

| was surprised that the Available Timeis requested from
T the user. Ithought this would only happenfor cpxa but
. M I ; .

18 | Usability Seacl,;f)imabl 'ty forcpx3it also does. Shouldn't ituse the LMO
maintenance outputs (which include operation
durations)?

L Will reference values/suggestions be shownto the user?
. Maintainability | , : . .

19 | Usability section It's hard to understand whetherinputs of available time,
probability distributionand standard dev are realistic.

20 | Usability Survivability T_he warning message aboutthe expected durationis a
nice addon.

21 | Usability Survivability Progress bar of computation would be nice

22 | Usability Survivability Normallse capitalization of variable description (Inside
FLSinputs)

. Lo I suggest also writingthe full names instead of just the

23 | Usability Survivability acronyms ULS and FLS

24 | Usability Survivability The “expert inputs” look very expert.

. Lo Write covariance instead of COV? Provide assistance

25 | Usability Survivability )
towardsthis parameter?

26 | Usability Sunvivability System survivability(FLS) did notshow a critical
component id ever
It was not clearto me what changes from CPX1to CPX3
in RAMS. Maybe I would suggest hiding the “expert

27 | Usability General inputs” in the maintainability section of the survivability
page, asit will probably be too complex forasimple user
in cpxa?
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28

Feature

Usability

Subject

General

Comments

Is the project durationaffecting anythingelse otherthan
the Maintainability parameter? What happens if the user
introduces an inputfile from LMO with 20years but
when creatinganew study, he introduced a different
number of years?

29

Usability

Generally, the softwareisintuitive, howeverit would
also be more intuitive if the input and output displays are
distinguished via colour coded or separated panel.

30

Usability

| did not find the functionality to export the study.

31

Usability

Inthe standalone mode, the jsonformat is very hard to
use fornewcomers. Ways to make the step of inputting
data easier could be: move from json to Excel

files, add afeature in the GUI to create a Fault Tree with
simple buttonstoadd levels, choose the ORor AND
gate, add the properties for components, etc... that
would make this task easy for people who won'tread
D6.3. The same couldbe done about survivability inputs
forthe system.

32

Usability

The underlyingassumptionaboutreliability is a design
life of 20 years, which should be reminded to the user so
that the Probability of Failureis explained or change the
title forthe Figure to"Probability of Failures at 20
years”. It could be usefulto add the curve of PoF of
failure against time (Figure 5.1to 5.3in D6.3). Forthe
graphical representation of the result, it would be helpful
if the unit of time tofailure is displayed. Other graphics
also needtodisplay the unit. Forthe component
reliability, the decimal value can be roundedup to
reasonable decimal value.

33

Usability

One of the users encounteredfew errors, but mostly due
to misunderstanding about the datainput.

34

Usability

The software isusable in its current form, given inputs it
producesresults.

35

Usability

The user-friendliness of the interface needs some work.

36

Usability

The software is very easy and straight forward to use.

37

Usability

The process of inputting datais not very clear because |
didn’t have much knowledge on the inputdataand on
the expectedresults using those data.

38

Usability

Great having an estimation of calculationtime (lessthan
a minute even when asks for 2-5 minutes)

39

Usability

No graphical results on Reliability (even going out and
re-entering)

40

User-Friendliness

Introducing data would be easier if it was more obvious
that afile was previously uploaded (maybe make the
input buttonsturn green when it's ok?).

41

User-Friendliness

Maybe it was just me, butlwas surprised it is not
considering LMO operationdurations for calculatingthe
maintainability.

42

User-Friendliness

Minor changes of formatting, writing words in full etc,,
will give a professional look.
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43 | User-Friendliness

Subject

Comments

Persistent warningmessage whencomputations have
been calculated isimportant, especially for tools with
long computation times.

44 | User-Friendliness

Help button is a nice decision, but some inputs are not
obvious.

45 | User-Friendliness

Maybe buttonstodirectly access the previous or next
section could be useful.

46 | User-Friendliness

| liked to have an input summary, buttheformatcould
be made more readable (trees, figures, charts?). In

particular:
Input Summary v
*  SKHierarchy: 11 properties * ED Hierarchy: 11 properties + ETHierarchy: 11 properties

® category: 3 elements * category: * category: 10

® child: 3 elements ® child:5 # child: 10 elements

® design_id: 3 elements ¢ design_id: design_id: 10 elemen

® failure_rate_repair: 3 elements 0 "NA" failure_rate_repair: 10 eleme

@ failure_rate_replacement: 3 elements NaT failure_rate_replacement: 1(
0: "NA" gate_type: 10 elements
1 0.001876 2: "NA name_of_node: 10 elements

3: "0 node_subtype: 10 e

20 "NA & node_type: 1

® gate_type: 3 elements parent: 10 el

* failure_rate_repair: 5 el
# name_of_node: 3 elements —rate_rep:

system: 10 elements

* failure_rate_replaceme:
* node_subtype: 3 elements —rate_rep

¥ LMO downtime: 1 pi

* device_1: 13 pi

* apr:21el
* aug: 21 elements
® dec: 21 elements
* feb: 21 elements

0: 0

1: 0

2: 0

30

47 | User-Friendliness

The processing indicationin the topright corner stays
rolling even if new case already uploaded.

48 | User-Friendliness

D6.3 was essential to understandhow to provideinputs,
“how-to"”s with mentions to precise sectionsin this
report would be valuable, in particularto §5. Examples
and Annexes.

49 | User-Friendliness

Ahelp panel could be useful foreach tool tosum upthe
majorstep and calculations led in each section

50 | User-Friendliness

Guidance on how many runs (or rule of thumbs to
estimate it) forthe Monte-Carlo simulations would be
great

51 | User-Friendliness

Assumptions relative to default values should be clearly
expressed in the GUItothe user (assumed design ife,
repair periods...)
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52

Feature

User-Friendliness

Subject

Comments

In the Maintainability section,

maybe adding asingle sentence with“the probability
that the componentwouldbe replaced in Available
Time hoursis....” could help, as | found Maintainability
expressed in a probability format notreally clear (maybe
change fore.g. probability of success for maintenance
operation). Maybe showing how this valueisusedin
subsequent calculationto the user (whetherit is usedas
input for availability to get the values for downtime)
could be great.

53

User-Friendliness

In the Maintainability section, displaying the formulafor
the probability distribution function adjusted with data
provided by the user could be helpful.

54

User-Friendliness

Inthe Survivability section, adding reference toformula
in D6.3 could be great. Afigure showing values

55

User-Friendliness

| did not find clear why average waiting time is required
forthe reliability calculations, as the only referencetoit
in D6.3 isrelated to availability (for downtime
calculations) and maintainability, asincludedin

Time To Repair. | found this confusing.

56

User-Friendliness

Survivability expressedas anumberis not really clearto
me.

57

User-Friendliness

Results for Availability are not friendly to access

Probability of Failures

58

User-Friendliness

System availability could be presented under another
format, I found bars not really informative, as there were
only two -identical - values to show.

59

User-Friendliness

Lack ofinformation displayed onlineto be able to run
the software without a guide.

60

User-Friendliness

The userinputs reset between changing tabs, can lead to
mistakes.

61

User-Friendliness

Display the current statusin the page (waiting inputs,
computing step/evolution, finished), the brief popups are
easy to miss.

62

User-Friendliness

The plots are nice, butthereis no way to visualise and
export the numerical results.

63

User-Friendliness

Need more detailin the meaning of the output
variables.

User-Friendliness

The userinterface couldlook more professional, butit is
very user-friendly.
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Some descriptive examples of the input data would be
bettertoillustrate what is looked forand required. Some
65 | User-Friendliness - indication of howinputs are likely to affectthe outputs
would also be useful toshow how sensitive the outputs
are toinputs.
66 | User-Friendliness ) In.pL.Jt dataare difﬁcyltto be opened andaccessed:
difficulty to changeinput values.
67 | User-Friendliness i Sometimes, the inform.ation ist.hej lower part of the page
(you have to go tolookit). No bigissue.
Some difficulties to read results. The axes of graphs have
. . no title norunitof measures (e.qg. reliability graph
68 | User-Friendliness ) abscissa). An explanation of acr%nyms(SKTlgD..?should
be provided for sake of everybody usability.
69 | User-Friendliness - Tables collecting the results would be useful.
Given that the user has nottriedthe simulation with
Performance & Reliability significant number of cycles, at the momgntit is.not
70 Accuracy assessment p055|blg toevaluatethe accuracyofthe simulation, and
a real time to compute theresults viaa Monte-Carlo
analysis.
Performance & Reliability The computation times and responsiveness are
s Accuracy assessment adequate.
N Performance & Reliability We are not experts enough in the domainto evaluate the
/ Accuracy assessment accuracy of the results.
The outputs shouldbe presented havinga limit of
decimal places, that could be 2.
Components Reliability
Ene Delivel Energy Transformation Station Keeping
Performance &
73 Accuracy Outputs
0 1952.462258625032
1 1615.5088852988692
Performance & Reliability Too many decimalsin the results.
% Accuracy assessment
Performance & Survivability Please add an explanationabout results: 1=survive, o=do
75 Accuracy assessment not survive?
Identifiers should be explained in some way:
Performance & DEV_o_PTO_o_o_MechT what the zero stand for?
76 Outputs . . .
Accuracy Energy transformation: max_ttf=-1 what is the meaning
of this?
Performance & Add Unit of measures to numbers and graph axis
77 Outputs
Accuracy
78 | Value - Not easy to compare different studies.
79 | Value i Would expect touse LMO operation duration outputs for
availability.
The design life isassumed tobe 20years for reliability,
10 foravailability, which designers would like toadapt to
8o [ Value - : ; : T
theirneeds, eventually having multiple design lives if
multiple technologies are used in asingle farm
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81

Value

Feature

Subject

Comments

Parametersin the Survivability section are referringto
moored systems, which may sound confusing
when designing fixed tidal turbines

82

Value

Maybe adding the possibility toadd a reliability target
(0.001asgiveninIEC 62600-2, orothervalues), and
displaying to the userifthe constraintis respected for
the project

83

Value

In D6.3, relative to maintainability, it is written that “itis
assumed that the designlifetime is 10 years, because the
input of downtime only represents 10 years”. It would be
great to have design lifeasan input parameterin GUI,
andtoallowthe userto provide atable underan Excel
file (with guidance shown to the useraboutthe format
to adopt) with the number of columnsequal tothe
design life.

84

Value

Indications on how much of the calculation has been
done (forreliability, as the status of calculations is not
displayed, and the userisstill allowed to manipulate
inputs, manipulationwhichmay be preventedso that
the userkeeps control oninputs and avoid wrong
manipulations).

85

Value

With regardsto value of the tool, the Monte Carlo
simulation is used only for reliability estimation. It is not
enough for RAMS evaluation. In the context of
evaluating tidal turbine, where maintenance access is
difficult and costly (i.e. it is one of the mostimportant
factorsin decision making), it will be more useful if the
Monte Carlo simulation is also run for availability
estimation(whichseemsnot tobe the case, butasthe
interactions with LMO are complex, maybe we did not
understand what calculations are ledin integrated
mode, adding guidance about it couldbe great). A
complete availability Monte Carlo simulationwill be able
to provide us with:

e  Availability both in terms of time and production
level, considering the weather windows impact,
marine currentcycle, failure rate, and time to repair.

e Total expected numbers of failure for the simulated
project duration.

Thisinformation isimportantfor design evaluation and

project economics estimation.

We were expectingthe various RAMS tools to interact

with each other, forexample use a Monte-Carlo

simulation to figure out downtime in Availability. Indeed,
in some other commercial tools, values provided as
inputs to Availability are results from Monte -Carlo
simulations, thus we found it surprising to provideit as
inputs.

86

Value

Useful tool forthe DTOceanPLUSsuite butneed some
workin the interface.
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The comparison between studies didn‘t look direct, the
87 | Value - usermust collecttheresultsindependently and then
compare them.

Increase the text information, mainly on results: which is
88 | Value - the meaning of the number we see and somereference
valuesto compareresults.

The commentsin thisform are made with respectto the
standalone inputs, outputs, functionalities, etc...and
average marks would be higherregarding inputs
formatting, and guidance forthe integrated software, as
there would befarlessinputs comingfrom the user, and
more coming fromthe othertools. We understand that
investing timein the standalone version tomake itmore
user-friendly would not have beenthe best thingto do
fordevelopers at the time of release. Nonetheless, we
considered ourselves as users for the standalone version
of RAMS, willing to lead our own study, and marks are
given accordingly.

90 | General Remarks - The software looks very consistentand robust.

89 | General Remarks -
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9.4 ENVIRONMENTAL AND SOCIAL ACCEPTANCE (ESA)

SCORES
TABLE 9.16: USABILITY OFESA
ID Statement Response1 Response2 Response3 Response 4 Responses Response 6
1.1 | The software isintuitive and easy
. 4 4 5 3 4 -
touse in general
1.2 [It is easy to create and delete a
Study 3 3 4 5 4
1.3 [Itiseasy to edit, save and export
3 4 5 5 4 -
a Study
1.4 |The process of inputting data is
.. 4 4 4 3 4 -
clear and efficient
1.5 |Results are meaningful, easy to
. 4 3 4 5 4 -
interpret and use
1.6 || could complete the process
. 4 5 5 4 4 -
without errors
1.7 |l am satisfied with the overall
. 4 5 5 5 5 -
speed of computation
1.8 |The software can be run from my
. . 4 2 5 5 5 -
computer without any issue
1.9 |[The training sessions and
documentation are useful for|2 5 5 5 3 -
learning how to use the software

TABLE 9.17: USER-FRIENDLINESS OFESA

ID Statement ‘Response:. Responsez‘Response3 Response 4 Response 5 Response 6
2.1 | The userinterface issimple, easy
. . 4 4 5 5 5 5
to navigate and well-organised
2.2 | The user interface looks
. 2 3 5 4 5 5
professional
2.3 |[It responds promptly to user
actions (inputs, selections, clicks, | 4 2 5 5 4 5
)
2.4 | It provides the user with enough
help, indications and/or guidance | 2 3 2 2 3 5
throughout each process
2.5 | The meaning of each data
. o 3 3 2 3 3 5
input/user selection isclear
2.6 | The meaning of each data output
. 3 4 2 3 4 5
isclear
2.7 | Visualisation of results is clear
. . 4 4 5 4 4 5
and informative
2.8 | The wuser can add further
information to the Study through|3 3 5 3 3 3
the interface
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TABLE 9.18: PERFORMANCE AND ACCURACY OF ESA

Statement Response1 Response2 Response3 Response 4 Responsers; Response 6

3.1 |Results are robust and not
sensitive to small changes of|3 4 5 4 4 5
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
inputs used

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 5 5 5 4 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 9.19: VALUE OF ESA
ID Statement Response1 Response2 Response3 Response 4 Responses Response 6

The software allows the user full
4.1 . 3 3 5 3 4 5
control of the design process

It producesresultsthat allow easy

4.2 . 4 5 5 5 5 5
comparisons

It provides a large range of
4.3 |alternatives to createfassess |3 4 5 3 4 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
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COMMENTS
TABLE 9.20: COMMENTS FORESA
ID Feature Subject Comments
Looks clean and professional.
Could you remove thetextin the picture since there is already
General a title to the page “"Welcome tothe Environmental and Social
1 Welcome Page "
comments Acceptance module”?
Could you also remove the exclamationmark (!)? Not sure
what it adds
The iconslook a bit blurry (the create new project and load
project)
A contextual descriptionwill be needed here in my opinion:
What isthe tool about and what should they expect as
outputs.
B (e
The exported report could possibly include the inputs of the
user—Longitude/latitude/ site data, etc...
Is there away to ensure thatthetitle of the section is on the
5 General ESAHome next page of thereport here? Like providingsectionbreaks in
comments Page MS Word? Refer example provided below- title of sectionon
1st page, and result on the next
_ Recommendations on surveys » .
mononng iion it weiy o e cate " SPECIUM eMIeE BY the cables using 2 fxed
Main associated risks
: E:BL‘;R}MEQHEHC Fields
- Habitat loss/change
Is it worth having the DTOcean+ in the header of the exported
report as well?
| see the tool has a save/save as option top-right, butare the
dataautosaved asthe user clicks "Next”? Orwill they lose the
dataifthey close the page?
Formatting (Font style/size) could be reduced tofit in 1 line.
Inthe example below, Minnegativeimpact: or couldbe on
3 General Aut.osave one line, same asthe rest
comments option e
w @R R @ D
) PO = B e T
General Formattingof | worth reviewingthisto only show 2 decimals aftertheo
4 | comments numbers where relevant
General The side nav barhas a hoveroption for*Run Module’but there
5 | comments ) isnoicon. There is just an empty space.
6 General Exportresults | Exportresultsto PDF:The PDFlooks very clearand
comments to PDF professional
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ID

Feature

Usability

Subject

Inputs:
Collection

Comments

Fairly intuitive, | would suggest letting the userenter the
name of the study when they are defining the complexity
level and standalonefintegrated mode

Once thesite data have beenentered, it is not very intuitive
what the userhasto do-the next pageis theinput summary
page like the one below. This page could use some contextual
guidance to let the userknowto go tothe device infotab next
onthe left-hand side pane.

Inputs Summary

Farm Info

Calculation in progress...

Note-lam not sure if the serveris down or not, but this screen
was loading foroveraminute.|was able to clickon ‘Device
info’ tab while this was still loading

Usability

Inputs:
Collection

Easy to create/delete orview (input/results).

Usability

Inputs:
Collection

Easy to edit and export study.

Inthe Load projectsection- I really like how well presented
the existing projects are and the clear "Modify input”, “View
results”.

10

Usability

Inputs:
Collection

ForVCa- cpx1 it was not as obvious to know if the lat/long
were the only data required to run the ESA. I had to checkon
the Left-hand side tabsto see that the otherinputdatawere
not required at cpx. It might be worth having a prompt on
the main screen (central page).

11

Usability

Inputs:
Collection

The results are clearand easy tointerpret.

12

Usability

Inputs:
Collection

Error/ Continuous loadingpage keptloading after|selected
‘Run Module’, probably a glitchwith the server, because once
| refreshed the page, | lost the study and restarted.

13

Usability

The overall usability is good, butit could be worthwhile
adding some helpfunctionality to make the walkthrough
easier.

14

Usability

Could also add the ‘Previous page’ buttonon the sameline as
the ‘Next page’button justto make navigationfaster.

15

Usability

Once the userhas reached the Inputs Summary page, there
doesn’t seem tobe awayto go backand changeinputs. Does
the userthen have to restart the whole procedure?

16

Usability

| sometimes had issuestohave tocorrecthome page:

Select the project to load

Maybe this was due to an issue withthe server?
Maybe asking for confirmation before deletinga study could
be good.

19

Usability

Create Project: Whena projectis created, there should be a
‘Name'’ optionstraight away, instead of having to clickon
‘Save as’ to name it whichisn'tintuitive

20

Usability

It's very good that datais saved whenyou click between
pagesandyou don't losethe data
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ID

21

Feature

Usability

Subject

Comments

Some more explanation of what the parameters meaninthe
GUlwould be useful

22

Usability

The ElAresults are not explained until you click *Detailed
Results’ whichis not an easy button to find —it would be good
to have more explanation of the numbersin the actual GUI

23

Usability

Software was pretty straight forward to use, relatively
intuitive to fill out. There was no guidance as to what the level
of complexity wouldreferto, and also able to proceedto next
stage with not fullyfilling out the forms. The training session
was good and informative but there was a lack of description
in the documentation, it was also formattedsuch that not
very easy to follow. Would have beenhelpful to have had
notes saying that there isno datatoinput for certainoptions
and explaining the ramifications or what the differencein
output would beif no data putin.

24

User-Friendliness

Neat, simple and easy to navigate

25

User-Friendliness

Userguidance/ help is missing. Althoughthetoalisclear, it
doesnot give much help or contextual description if required.
Although the units are provided as you hover overthe cells. |
wonderif this will be obvious to all the users.

26

User-Friendliness

Input are clear mostly, in VC2 (RM3 loaded project) this
‘resource’ section where the quantity of used materials for the
project and Quantity materials to recycleis blank. Is that
mean there are none? Not so sure if none orsub section
missing?

Resources

27

User-Friendliness

Results are clearand well-presented especially in VC2 where
the top barshowsthe 4 tabs referring toeach output section.
This was not available in VC1 (complexity 1)

28

User-Friendliness

The userisonly able to add informationto therelevant
text/datafieldbutno additional comments. No commentary
boxes available.

29

User-Friendliness

The software is easy to move through. It is very user friendly
and the results are well thought out. There couldmaybe be a
bit more information as the userisinputting the data.

30

User-Friendliness

It took many minutes forthe Next Page buttonto letme
accessthe “Electrical Info” page. Maybe this was due toan
issue inthe server.
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ID Feature Subject Comments

Maybe informationon how the Zone type (open water, sea
loch entrance orsounds) isusedin analysis could be useful, as
well as device dimensions (as it is set to o forthe RM1_ESA
case, but the module isable to run).

| did not find clear why footprint, colonisable part and
measured noise were notto be provided for the substation.
Maybe informationon how the fuel consumption is used in
analysis could be useful, as would expectto provide some
more information on the vesseltype for marine operations (it
is likely that large variations occurs in greenhouse emissions
betweenthe various vessel technologies, thoughfuel
consumption provides a reasonable roughestimate).
Distinctionbetween highly toxic antifoulingand moderate
antifouling was not very cleartome, maybe some more

32 | User-Friendliness | - guidance could be great, and more generally, how this datais
supposed to be processed in the analysis, maybe simply by
referring to asection in a deliverable ortraining material.
The ElAscale is probably the best solution topresentsuch
qualitative data and compare studies, butthe scores are not
very easy to understand for someone whodid nottooktime
reading training materials and deliverables, and it may require
furtherguidance. | would say the same about Minimum
negative/positive impact, and the Level of Confidence, how it
is calculated.

It could be useful to give the userthe ability todefine his own
ranking between criteria with various weight.

Maybe the following titles could be changed tomore precise
ones: Assessment of the pressure, Hydrodynamics, Electrical
and Station Keeping “technology groups”

“Collision Risk” and “Collision Risk Vessel” could be further
detailed and distinguished.

To give recommendationsinthe EIAsectionisagoodidea
and addsvalue, but the two columns “General
recommendations” and "Detailed recommendations” are
giving the same information, a column may be removed.
More guidance and explanations required forthe userto
understand the language used within the tool.

34 | User-Friendliness | - e.g.Farm Info: Hover overinfo buttons are OK—but [DD]
meaning decimal degrees isn‘tintuitive. Labelling the boxes
with permanent labels would work better.

35 | User-Friendliness | - More explanation of outputs in the GUl would be helpful
There isacertain clunkiness to the interface, coulddo with
some betterformattingto make look more professional.
There could do with some more description asto what the
expectedinputs might be.

31 | User-Friendliness | -

33 | User-Friendliness | -

36 | User-Friendliness | -
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ID Feature Subject Comments
Farm general Info: Coordinate of the farm: notintuitive what
these are until, hovered overthe cells. Might be worth
adding on top of the Longitude/latitude field the ‘title’ like
Performance and | Inputs: shown below:
37 Accuracy Collection @Farm Info
Farm general info LONGITUDE LATITUBE (UNT)
Protected Species
V(C3-RMz1 (loaded project):
There are typosto correctin the Used materials section:
Polybutadiene
When | display this section on my bigscreen-noissue with
resolution buton the laptopscreen the textseem tooverlap
(screenshotbelow)
Performance and | Inputs:
38 . Environmental measurements
Accuracy Collection
Measured noise of asured turbidity
the device : wue to device
installation :
Footprint : W:I;Z,E o asured Naise :
Where theresults are clear and well displayed, | wonderif the
formatting of atable like this canbe amendedto ensure texts
iswithin the same cell size asthetile column
Outputs:
Performance and P
39 Endangered
Accuracy .
species
VC2-RM3: Thetop barwiththe tab foreach outputsectionis
now visible in this example but was not visiblein VCz1 at
complexity 1. Please check for consistency.
n o ® .
Outputs:
40 Performance and Endangered ' oe ‘Endangered Species
Accuracy .
species
Actinopterygii
VCi-Low complexity: Clear and straightforward. Might be
worth adding an explanationif say EIA Scale issay -150r-25
Outputs: what does that mean?
Performance and | Environmental .
41| Accuracy Impact @ Environmental Impact Assessment
Assessment
EIA Scale -100 T ] 50
No outputs on this page for complexity level 1
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ID

42

Feature

Performance and
Accuracy

Subject

Outputs:
Environmental
Impact
Assessment

Comments

VC2-RM3-Itis hard forme tointerprettheresults of the EIA
assessment. So, lam told that:
Global EIAis -30 Negative impact, and +5 positive impact,
what doesthat tellsme? And are there actions/suggestions
that should be provided to the user. No details provided so
really hard to know what to do next.
Hydrodynamic techgroup: clearer with the detailed results
table explaining what this the score means. One commenton
the Detailedresultstable- the Level of confidenceisit out of
10? Or5? Alegendis needed toclarify. I like how you can
expand/collapse eachsub section and results table.
Electrical technology group: Is animpact score of o good? Or
should the developerstill aim to increase it? Worth adding
contextual guidance to supportuser.
Underwater noise section general/specific recommendation:
“Use specific technical XXXto reduce imperatively the
noise...” isaword missing there? Technical what?
EMF should a glossary be provided for abbreviations?
Station Keeping group: I thinkthereis an issue withthe
formatting of the score here (check figure below), also the
maximum impact have over 1o decimal values 10.011937908
Station Keeping technology group

Positive
impact :

Negative
impact :

Minimum negative
\  impact: 0
Maximum negative

;28 impact : -74 5

Minimum positive impact
:0
Maximum positive

impact :
10.011937908277128

43

Performance and
Accuracy

Outputs:
Carbon
Footprint

VC1 - Low complexity: No output as expected at complexity 1

bt

Performance and
Accuracy

Outputs:
Carbon
Footprint

VC2 - RM3 project:

Really neatdisplay of GWP, CED, and Payback value.

| feel this tile Compare with other technologies/energies
should be amended to maybe otherenergy sources/ WEC
technologies.

If you are going to use abbreviation GWP/EPP, are youable to
add themin brackets first.

45

Performance and
Accuracy

Outputs:
Carbon
Footprint

VC2 - RM3 project:

Warnings: greatto have this warning for the user. Worth
explaining what LCA stand for and the ISO standardsand
assumptions made in this study - maybe directingthe userto
the help guide.
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ID Feature Subject Comments
VC2 -RM3 project:
The references are taking a big chunk of the page. I think they
should definitely be movedto a pop-up window oradd a help
section thatcan be expanded/collapsed on the Right-hand
side of the page.
Performance and Outputs:
46 Accuracy Carbon
Footprint
Results per phase
VC2 -RM3 project:
Is the comparison doing what it's meantto do? It seems only
the otherstudyis displayed and nothing about the current
study. Isit because the current study has o GWP for
everything? Someindicationis needed toknow that.
Results per phase
Performance and Outputs: BN e |
47 Carbon ik Wikt PN i GO BN
Accuracy )
Footprint
48 Performance and | Outputs: Social | VC1-Low complexity: No output as expectedat complexity 1
Accuracy Acceptance
VC2-RM3
Are these values zero because the inputs were not provided
orbecause this are the correctresults of the analysis? Seem
strange to have o cost of consenting and o number of vessel
crew. A contextual guidance could explain tothe user what
the results mean
Performance and | Outputs: Social )
49 Accuracy Acceptance QSOCIal Acceptance
Global Results
Vewcme: |0 Comoning e |
Global Cumulative Energy
Vo | Eqriown s parveck | B Baonth
Itisvery easy inputtingdatabutthey may be someroomfor
Performance and | Inputs adding asmall help function or.exa?mple Pop up soausercan
50 | Accurac Collection understand whatthey are putting in. There was also a nice
y . : . .
hoveroverfunctionshowingunits. May be worthwhile
looking into having asmall box.
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ID Feature Subject Comments
The resultsforthe endangeredspecies are good andclear.
Outputs: .
51 Performance and Endangered There could beq charllge inthe message colour.tha.t appears
Accuracy . (use success variable in bootstrap) instead to highlighttothe
>pecies userthat everything is clear.
Outputs: [ like the range of images andpositive space to highlight
, Performance and | Environmental | information asthisavoidsthe user being bombarded with
5 Accuracy Impact loads of text and numbers.
Assessment
Outputs: The carbon footprinttab is very cleanand sophisticated. I like
Performance and Carbon the space between the graphs so the user canfully analyse
53 Accuracy Footprint the data without an overload. There isalso the nice hover
over effect to give exact figures.
Performance and | Outputs: Social Desiani |
4 Accuracy Acceptance esignisvery ciean.
| could not obtain the same results as the reference case
RM1_ESAforthis section, though | had all sections completed
(Idid not change any valuein the study):
EIA Scale 100 IEE— 50
Outputs: - T bem T
Performance and | Environmental | | assessmenttor the echnology aroups
55 Accuracy Impact = @ u e .
Assessment i
b~ . e s e 0 e povee
Scores could be rounded tounity (Minimum positive impact:
10.014285764811154).
| could not visualize the results forthe RM3 case.
Maybe the results forthe various sources/stages of
emissions/energy consumptioncould be presented in a pie
chart. lwould find interesting tofind a way to show sensitivity
Outputs: of resultsto asingle parameter (e.g. in the results page for
6 Performance and Carbon carbon footprint, beingallowedto select installation
5 Accuracy F ) emissions due tofuel consumption, and beinggiven the
ootprint information that changingthe currentvalue for fuel
consumption toanew one will modify total greenhouse
emissions forthe project by X %).
The graph with the Energy Payback Period is not really useful
as it only displays asingle value.
The two informations providedin this section were not
Performance and | Outputs: Socia relgvant, I was expecting the number of jobs created bythe
57 Accuracy Acceptance pI’OJECt. toinclude many others aspgdsthan the only marine
operations, and the cost of consenting (56 euros) was not
really representing what | was expectingto find.
Anindication along thetopbanner whichproject you'rein
Performance and | Study would be helpful . :
58 Accuracy Management The ablll_tyto make new versions of a study when runningthe
module is very useful.
The fact that complexity 1 has less inputsis great.
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ID

59

Feature

Performance and
Accuracy

Subject

Inputs
Collection

Comments

Zone type:‘Sealochentrance’and ‘sounds’ were unexpected
as the descriptions as theyare colloquial —this namingcould
be better. We would have expected tosee ‘Openwater’ or ‘At
shore’ forexample.

Initial State: There shouldbe definitions foreach parameter
e.g.'Turbidity’ —explanation of what these terms mean.
Fishing Regulation: There could be an explanation of what the
terms‘complete prohibition’ etc mean —maybe a hoverover
button?

Receptors: ‘Particular Habitat’ —not clearif the months
selected are thetimes thatthe habitat isin danger? Does blue
mean it's selected?

Device Info: The Device locations are in units of UTM here but
they were in DD atthe beginning—mismatch in units.
Resource Reduction: This could use more explanation

There isatypoin “Ressource”.

Used materials forthe project: It's goodthat as you add more
materials, the info appears below. Very clear and intuitive to
use.

Materials forfoundations: More hover over explanation of the
materials here.

Electrical Info: Colonisable surface area of the electrical
components—added explanation needed.

Logistics Info:

The ‘Mean Size of Vessels' would be bettertohave types of
vessels like Tug Boatetcratherthanexact length in meters.
Typo: Comsumptionshouldbe Consumption.

‘Exploitations’ should be ‘Maintenance’instead.

Inputs Summary: Should be “Incomplete’ ratherthan
“Uncomplete”.

60

Performance and
Accuracy

Outputs:
Endangered
species

Endangered species: Thisis laid out very well and is nice and
clear—also good pictures. Probability of presence was 999 —
not clear what units thisis?

61

Performance and
Accuracy

Outputs:
Environmental
Impact
Assessment

Environmental Impact Assessment:

The ranges of minimum and maximumimpact don'texplain
where this came from.

The results are not explained until you click "Detailed Results’
which is not an easy button tofind —it would be good to have
more explanation of the numbersin the actual GUI

62

Performance and
Accuracy

Outputs:
Carbon
Footprint

Carbon footprint:

‘Actual project’ is a confusing label —it shouldbe ‘current
project’ or have the actual name of the projectasthe user
named it.

The references couldbe hidden behinda “Show references”
button in order to not take away from the main outputs.

The graphs and benchmarking are great andvery clear, good
to have the ability to compare projects.

63

Performance and
Accuracy

Outputs: Social
Acceptance

Social Acceptance: This pageisnot as detailedas the other
pages.
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ID

64

Feature

Performance and
Accuracy

Subject

Outputs:
Environmental
Impact
Assessment

Comments

The presence of harmful ortoxic substances contained in the
wec such as: lube oil, hydraulic oil or other and relevantrisk of
leakage orspill. This aspect could be linkedto FMEA and
evaluated environmental risk.

65

Performance and
Accuracy

Outputs: Social
Acceptance

The visual impact could be an important matterin those sites
where the skyline changes would raise problemsforlocal
communities and tourism attraction.

66

Value

Help/guidance mightbe helpful.

67

Value

The useris given the choicetorunthetool at different levels
of complexity and the useris able to run the tool without
having to specify all the different materials required.

68

Value

The useris not informed about the internal processing
however, thereisa clearindication of list of input sections and
output sections.

69

Value

The software should have more contextual descriptionand
help/ glossary, etc.

70

Value

There isalot to be gainedfrom this software. It is very clean
which addstothe uservalue and producesresultsina
sophisticated manner, so the useris not overloaded. The use
ofimagesand icons presentsamuchmore easy on the eye
feelanditis quickertointerpretthe data.

71

Value

Regarding resource usedand associated environmental
impact, | would appreciate to be given the possibility toadd
materials, and their characteristics, or edit current
characteristics, in case | can provide more accurate values for
the specificmaterial/process.

72

Value

In general, the tool is very useful and easy to use —the
complexity levels have beendefined with differentinputs
whichis great.

The ability to compare benchmarkresultsis a great feature.
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