TOcean+

Advanced Design Tools for Ocean Energy Systems
Innovation, Development and Deployment

DeliverableD4.3

Testing and verification results of the Stage Gate Tpbékta
version

Lead Beneficiary EDP CNET
Delivery Date 1512/2020
Dissemination Leve Public
Status Released
Version 1.0
Keywords Ocean Energy Tools, Verification, Testing, Software Evaluation

This project has received funding from the Europee
5TEIT6O0 (1T OEUIT WYowed OAF
programme under grant agreement No 785921




D4.3 DTOcean+

Testing and verification results of the Stage Gate Tpbkta version

Disclaimer

ThisDeliverableOA £1 AAOO 111 U OEA AOOEIT 060 OEAxO AT A OEA

may be made of the information contained therein

Document Information

Grant Agreement Number 785921

Project Acronym DTOceanPlus
Work Package WP4
Related Task(s) T4.3
Deliverable D4.3

Title Testing and verification results of the Stage Gate Tpdieta
version

Author(s) Maria Inés Marques, Serena Langiano, Claire Harvey, T
Lourenco (EDP CNET); Pablo RMinguela, Vincenzo Nav
(TECNALIA); Jillian Henderson, Ben Hudson (WHES% Tunga
(ESC)Franciscd-onseca (WavEC)

File Name DTOceanPlus D4.3 Testing and verification results of the St
Gate Tool 1.0

Revision History

Revision Date Description Reviewer

Table of Contents, general introduction

0.1 05/05/2020 and specific introduction for the Stage | EDP CNET
Gate Tool
0.2 30/09/2020 Updated contents EDP CNET

Adaptations to the structure and

0.3 04/11/2020 updated contents EDP CNET and WES
0.4 04/12/2020 Fix corruption errors WES

0.5 08/12/2020 QA Review WavEC

0.9 14/12/2020 Resolvel comments after QA review EDP CNET and WES
1.0 15/12/2020 Final released version for the EC EC

DTOceanPlus Deliverabl&rant Agreement N’85921 Page2|90




D4.3 DTOcean+

Testing and verification results of the Stage Gate Tpbkta version

%8 %#54) 6% 35--129

The objective of &isk4.3was to carry out the testing dhe Stage Gate desigtool in order to verify
that it meets all the previously defined requirements (in WP2 aAd.)I This reportdocuments the
outcome ofT48 Q 06 A O E AStdyd Gefeldésigtbol® 6O E A

Thegoal of theverificationtaskwas toensurethat the tool:

} respondscorrectly to a varied set of inputs;

} performsits functions in an acceptable time and reasonable use of computational resource;
} is adequate in terms of usabilignd

} is verifiedagainst control data.

The following actions were completedsgart of the verification andre describedn detail inthis
report:

} Definition of theVerification Caseandevaluation criteria

} Organisation of training sessions (for technical and indusp@tners)

} Collectionof data for eachVerification Case

} Running theVerification Casefby technical and industrial partners)

} Analysis of the results based on quantitative and qualitative assessments

} Creation ofa task list of changethat could improvethe tool to improve performance

Astablebetaversion of the tool imow availablethat isfully documented with a technical manual and
a user manualThe toolwill be further validated and demonstrated using real data from the first pilot
experiences in WP7.

According to the quantitative resultshe end-users involved in evaluating the SG tool aaisfied

with the usability, useffriendliness, performance, ral value of the software. The qualitative
assessment feedback gathered some improvements that were compiled and categorised. As a result
of this, 13 high priority improvement areas were selected to be implemented in the final release of the
DTOceanPlus sté of design tools.

DTOceanPlus Deliverabl&rant Agreement N’85921 Page3|90




D4.3 DTOcean+

Testing and verification results of the Stage Gate Tpbkta version

41", % [ & #/ . 4%. 43

EXECUTIVE SUMMARLY. ...ttt ettt e e e e e et e e e e e e e s e mm e e e e e e s e eenaannns 3
TABLE OF CONTENTS . ...ttt e et e e e e e e e e e s e s s e s smm s nn e 4
LIST OF FIGURES ......coiiiiiiiic ot e s nnnneee e 6
LIST OF TABLES. ... .ottt e s e e s s e e e e e e e abnr e e e s 7
ABBREVIATIONS AND RONYMS ... ..ot 8
DEFINITION OF TERMS ... ..ottt r e e e e e e e e e e e e e e e e e e e e e s e 9
1. INTRODUGCTION. ..cctttiieeieeeeiie ittt e e e e e e e e e e e e e s s s s s rennereeeeeaeeeeeeens 10
1.1 SCOPE AND OUTLINE......oi it e e e e e e e 10
1.2 SUMMARY OF DTOCEANPLUS PROJECT......otiiiiiiiiiiiiiiimmeeeee e 11
1.3 STAGE GATE TOOL ... .ttt e e e e e 12

2. METHODOLOGY....ccitiiiiiiiiiiiiiii ittt e e e e e e e s s e e e e e e e e e eeeeas 13
2L OVERVIEW. ...ttt e e e e e e e e e 13
2.2 DEFINING THE VERCATION CASES.......o e 13
2.3 DATA DEFINITION. ...ttt e e e e e e e e e e e e e mm e e e e e e e s aaans 14
2.4 DEMONSTRATION AND TRAINING SESSIONS........ccocciiiiimimmrreeeeee e 15
24.1TRAINING SESSIONS FOR THE TECHNICAL PARTNERS..........ccvvviimmeiiiiiiiee. 15
24.2TRAINING SESSIONS FOR THE INDUSTRIAL PARTNERS.........cooviiiiiieeeeieee. 16

2.5 EVALUATION CRITERIA. ...ttt ettt e e e e e 16

3. VERIFICATION CASES.... .ot mm ettt e e e e e e e e e e e s bbb e e e e e e e e e e e aeeens 18
3.1 USER FLOW AND EXPERIENGCE........o e 20
F2USER STORIES. ... ..ttt e st e e e e e e e e e e 20
4. ANALYSIS OF RESULTS......ooiiiiiiiiiie et e e e 23
4.1 QUANTITATIVE ASSESSMENT ... ..ot 24
I L0 Y = 1 | I I AT PP PPPPPPP 25
41.2USER FRIENDLINESS......ooiiiiiiiiiiiiii ittt a e 27
4.1.3PERFORMANCE AND ACCURACY ..ottt 29
ALAVALUE. ... ..o 31

4.2 QUALITATIVE ASSESSMENT ...t 32
4.2 10VERALL USER SATISFACTION. ... ..uutiiiiiiiiiiiiii et 32
4.2.2UNINTENDED TOOL PERFORMANCE .......ccoiiiiiimiieee et 33
4.2.3PROPOSALS FOR IMPROVEMENTT... ..ottt 33

DTOceanPlus Deliverabl&rant Agreement N’85921 Page4|90




D4.3 DTOcean+

Testing and verification results of the Stage Gate Tpbkta version

4.3 TASK LIST i mm b 35
5. CONGCLUSIONS. ...ttt e e e e e s e e e s e s e e e e e e s e nann e e s 38
6. REFERENGCES........co oottt ettt e e e e e s e e e e e s s s s e e e e e e e e e e e e e e e e e s nannans 39
ANNEX I USER MANUAL ...ttt e e e e e e e e e s mm e e e e e e e e s 40

7.1 DOCUMENTATION FORMAT ..o et mmeeeenne e e e e e RO

7.2 DRAFT DOCUMENTATION HOME PAGE ... AL

T22STRUCTURE ... .. 41
T2.3FUNCTIONALITIES. ..ottt e e a e e e e e e e e s 41
73DRAFT TUTORIALS. ...ttt e e e e e e s s s r e e e e e mm e e e e e aeeeeas 42
T3 IFRAMEWORK . ...ttt e e e e e e e e e e e e e e e s smm e e e s s e e 42

7.3 2STAGE GATE STUDY ...ttt 44
T.3.3ACTIVITY CHECKLIST ..ttt e 46

7.4 DRAFT HOWTO GUIDES.......oiiiiiiiiiiiii ettt 47
7.4.1HOW TO USE THE SG TOOL TO IDENTIFY COMPLEXITY LEVELS................... 47
ANNEX II: STAGE GATE ACTIVITIES.......ccoii i 49

8. 1POWER CAPTURE ... 49

8.2 POWER CONVERSIQN.......ooiiiiiiiii it e e 52

B 3 RE LIABIL T Y e 54

8.4 SURVIV ABILITY ettt e et e e e e e e e e e e mm e e e e e e e s s annnne 57

8.5 MAINTAINABILITY oottt e e e e e e e e s e e e e e e e e bbb e e e e e e e eeeeeaeeas 61

BB INSTALLABIITY. ..ttt ettt ettt et ettt e e e e e e e e e e e aa s e e nne e nnnnes 64

8.7 AFFORDABILITY et e e e 66
ANNEX IlI: SOFTWARE EVALUATION FQFSMTANDALONE VERSIQON...........cooooviiiiiimne 68
ANNEX IV: ANONYMOUS FEEDBAGCK . ..ottt e 72
ANNEX Vi FULL TASK LIST .ttt e e e e e e a e e e e 85

DTOceanPlus Deliverabl&rant Agreement N’85921 Page5| 90




D4.3 DTOcean+

Testing and verification results of the Stage Gate Tpbkta version

)34 /& &)' 52%3

FIGURE-L: DTOCEANPLUS MODULES, MAIN LINKAGES AND OUTRUTS..........cccviiiie. 12
FIGURE 2: FLOW OF REFERENCE CASES/DATA BETWEEN THE.TOQLS............ccoimm... 15
FIGURE 4.: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS...........ccccvmmreen 24
FIGURE €: PERCENTAGE OF SCORES FOR THE KBYURATEGORIES..............cooiiiinee. 24
FIGURE 8: DISTRIBUTION OF USER SCORES PER USABILITY STATEMENT................ 25

FIGURE 4: MEAN, MAXIMUM AND MINIMUM SCORES PER USABILITY STATEMENT...25
FIGURE 4%: DISTRIBUTION OF USER SCORES PERRRIERDLINESS STATEMENT......... 27
FIGURE 46: MEAN, MAXIMUM AND MINIMUM SCORES PER WFSHRNDLINESS STATEMENT

................................................................................................................................................. 27

FIGURE 4: DISTRIBUTION OF USER SCORES PER PERFORMANCE AND ACCURACY STATEMENT
................................................................................................................................................. 29

FIGURE 8: MEAN, MAXIMUM AND MINIMUM SCORES PER PERFORMANCE AND ACCURACY
STATEMENT .t e e e e e e e e s e e s e e e e et e et e ettt e e e eeeeeeeasssannnnnnns 29

FIGURE 4: DISTRIBUTION OF USER SCORES PER VALUE STATEMEN.............cccccomm... 31

FIGURE 40: MEAN, MAXIMUM AND MINIMUM SCORES PER VALUE STATEMENT........ 31

DTOceanPlus Deliverabl&rant Agreement N’85921 Page6|90




D4.3 DTOcean+

Testing and verification results of the Stage Gate Tpbkta version

, )34 [ & 4! ", %3

TABLE 21: SCORING SCALE USED IN THE NUMERIC ASSESSMENT..........cccoiimmiiiinnnn. 16

TABLE 31: SUMMARY OF STAGE GATE TOOL VERIFICATION.CASES.......cccccveeiiimmerrreneennn 19

TABLE 41: ASSESSED USABILITY CRITERIA........ooiiiiiiiie e 25

TABLE 42: ASSESSED USER FRIENDLINESS CRITERIA......coooiiiiii e 27

TABLE 43: ASSESSED PERFORMANCE AND ACCURACY CRITERIA.........ccooviiei 29

TABLE 44: ASSESSED VALUE CRITERIA ....coiiii e 31

TABLE 45: SUMMARY OF HIGH PRIORITY ISSUES TO ADDRESS...........ccooiimmiis 36

TABLE 81: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF POWER
CAPTURE (WAVE AND TIDAL STREAM)......ciiitiiiiiiiiie ittt 49

TABLE 82: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF POWER
CONVERSION (WAVE AND TIDAL STREAM)......coiititiiiiiii ittt 52

TABLE 83: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF
RELIABILITY (WAVE AND TIDAL STREAM)......ccitiiiiieiiiiimme et e e 54

TABLE &4: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF
SURVIVABILITY (WAVE AND TIDAL STREAM)......ciiiiiiiiie et 57

TABLE 85: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF
MAINTAINABILITY (WAVE AND TIDAL STREAM). ...ttt 61

TABLE 86: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF
INSTALLABILITY (WAVE AND TIDAL STREAM)....ccciiiiitiiiiee it 64

TABLE 87: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF
AFFORDABILITY (WAVE AND TIDAL STREAM).....ccoiiiiiiiiiiieimmiiiieeee e 66

DTOceanPlus Deliverabl&rant Agreement N’85921 Page7|90




D4.3 DTOcean+

Testing and verification results of the Stage Gate Tpbkta version
I

""" 2%6)!14)/ .3 | .$ 1 #2/.9-3
AD Assessment Design
BL Business Logic

DD Deployment Design

DO Design Objective

DOE Departmentof Energy

EA Evaluation Area

ED Energy Delivery

ESA Environmentaland Social Acceptance
ET Energy Transformation

FMEA Failure Mode andffects Analysis
HSE Health Safety and Environment
KPI Key Performance Indicator
LCOE Levelised Cosvf Energy

LMO Logistics and Marine Operations
MC MachineCharacterisation

OE Ocean Energy

O&M  Operation and Maintenance
PTO Power Take Off

RAMS Reliability Availability Maintainability Survivability
RM Reference Model

RMP Reference Model Project

ROV Remotely Operated Vehicle
SEF SoftwareEvaluation Form

SG Stage Gate

Sl Structured Innovation

SK Station Keeping

SLC System Lifetime Costs

SR Software Routes

us User Stories

VC Verification Case
VS Verification Scenario

WP Work Package

DTOceanPlus Deliverabl&rant Agreement N’85921 Page8|90




D4.3

DTOcean+

Testing and verification results of the Stage Gate Tpbkta version

$%&) . )4) /. | & 4%2-3

Module/Tool

Features

Software route

Verification
Scenarios

User stories

Verification Cases

Design Objectives

Stages and stage
gates

Evaluation Areas

Stageactivities

Metrics

Software that can be run in standalone mode: alpha versions.

The functionality provided by the software to the user and relates to the
identified requirements from the user consultation exercise captured in W

Each of the possie trajectories to cover all the business logic of the tool (e
YySs 02y OSLIIkAYLINRGBSYSy(l 0&0ftSzI X

A set of independent input/output datto be provided to the endiser for
the verification. It comprises of thBesignObjective, Verification Cases
andUser Stories.

Short, simple descriptions of a featur@.partial design objective (e.g., As a
<type of user>, | want <some goao that <some reason>).

Design variantgovering one trajectory and ending up in one or multiple
Features/User Stories.

Short descriptions of a relevant desigase for ocean energy, nen
confidential,which has been addressed by otheols/methods, and
applicable topart or all the Verification Cases.

The key feature of the stage gate design tool is the technology developme
pathway split up into distinct stages, separated by stage gates. The stage
gates are an opportunity for users tbfe tool to assess the technology and
make critical decisions on whether to progress to the next stage.

The areas in which the user measures the success of ocean energy techr
to demonstrate progress and performance.

This is a list of the research, development and demonstration activities th:
should be carried out during the prescribed stages.

The parameters used to evaluate how well a technology performs in the

Evaluation Areas. These are outputsthe Deployment and Assessment too
and are summarised in the Metrics section below
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1.2 SCOPE AND OUTLINE

This reportdocuments the methodology and results of theerification of the Stage Gate(SG)tool
beta versionThe verificationtasks described in this report were designed to assess whether the tool

responds correctly to a varied set of inputs

performs its functions in an acceptable time and with a reasonable use of computational resource
is adequate in termsfausability, and

can be verified against control data.

[ S R R ]

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

Verification Scenarios araset of independent input/output datéo be provided to the endiser for
the verification.

To perform the verification of the SG tool, eighMerification Scenariod/Ss) were created. After
receiving demonstrationand interactive training on how to use the tool, the technical verifiers (EDP
CNET) as well as the industrial verifiers (BV, CPO, EGP, ESC, Nidvalesla) were given access to
an online version of the beta version of SG tool. They were then asked thnawgh each of the VS

and complete a Software Evaluation Form designed to perform the verification. This report describes

} the Verification Cases (VCs), Software Evaluation Forms and associated Key Performance
Indicators (KPIs) and their creation,

} the demonstration and training sessions that were provided to the verifiers of the tool,

} the results of the verification, including quantitative and qualitative assessments of each VS and

} any recommended changes or additional functionality that would add vidude tool.

The remainder of thisectionprovides short summaries of the DTOceanPlus project and of the SG
tool itself. For further information and background on the project, the reader is directed towards
previous deliverables, e.fl, 2, 3] Findly, SectionjError!No se encuentra el origen de la referencid.
escribes the structure of the remainirsgctionsof this report.

Section 2 outlines the methodology adopted for the verification activitiesop later review the

Verification Cases (VCsPhen, attention has been paid to the data used to run the VCs. The training
sessions organised both for the technical and the industrial partners aodlhlstrated in this section.

&ET Al 1 Uh OEA %OAI OAOGET 1T #OEOAOEA OOAA O1 AOAI OAC

In Section 3the VCs are illustrated in detail, to later proceed with theer flow and experiencand
the approach of thé&JserStoriesadopted to go througtihe features of the SG

DTOceanPlus Deliverabl&rant Agreement N’85921 Pagel0]| 90




D4.3

DTOcean+

Testing and verification results of the Stage Gate Tpbkta version

Section 4 illustrates the assessmentgesulting from the verification processdivided between
guantitative and qualitative A list of actions to improve the SG functionalities, according to the
evaluatbns received, is also present at the end of this section.

In Section 5the conclusions of the verification process are listed.

1.2 SUMMARY OF DTOCEANPLUS PROJECT

The SG tool belongs to the suite of tools thBXTOceanPlus projeds developingfor ocean energy
technologies. The tools will support the entire technology innovation and advancement process from
concept, through development, to deployment, and will be applicable at a range of levels: sub
system, device, and array.

At a highlevel,these include:

} Structured Innovation (SI) tool, for concept creation, selection, and design.
} Stage Gate(SG) pol, using metrics to measure, assess and guide technology development.
} Deployment Design (DD) bols, supporting optimal device and array deployment

A

pID I I I 9 S

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 at an array level,

Energy Transirmation (ET): to design PTO and control solutions;

Energy Delivery (ED): to design electrical and grid connection solutions;

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

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

} AssessmentDesign (AD) bols, used by the other tools to quantify key parameters

A

System Performance and Energy Yield (SPEY): to evaluate gisojim terms of energy
performance.

System Lifetime Costs (SLC): to evaluate projects from the economic perspective.

System Reliability, Availability, Maintainability, Survivability (RAMS): to evaluate the reliability
aspects of a marine renewable energpject.

Environmental and Social Acceptance (ESA): to evaluate the environmental and social impacts
of a given wave and tidal energy projects.

The main linkages between DTOceanPlus modules are outlinEtGURE-1.

DTOceanPlus Deliverabl&rant Agreement N’85921 Pagel1|90
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FIGUREL-1: DTOCEANPLUS MODULES, MAIN LINKAGES AND OUTPUTS

1.3 STAGE GATE TOOL

DTOceanPlus will support the development of ocean energy techyiekat all stages of the project
lifecycle? from concept creation through design development to commercial deploymentith
increasing level of data available and detail required at e#tdas beendesigned to support users
with differing requirementsn terms of detail: from investors wishing for a hitgvel overview of a

technology or project, to developers performing more detailed technical assessments, e.g. for project
consenting[2].

The SGtool supportsthe objective assessment of technologies in the development process, ensuring
a fair evaluationof subsystems, devices and arrays from early stage concepts up to commercial
deployment guiding the technology development process. As a tool, dperates with close
integration to the SI, DD and AD tools to support consistent assessment processes and ultimately
guide decision making for the users of the tdebr more details on the SG tool, please refef3pb
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2.- %4 (1 $/,1" 9
2.1 OVERVIEW

The principal aim of the verification task was for the technical and industrial verifiers to evaluate the
functionalities of the SG tool. In order to achieve this, the following actions were completed:

} Definition of the VCsand VSz this has been achieved by analysing the key features of the SG tool
and the associatet/ser Storiesaccounting for levels atomplexity, standalone mode, wave and
tidal scenario, array layout and network topologisee Sectior2.2).

} Collection of data ¢ a collection of input/output (1/0O) control data and project data (from
catalogues and default data) have been defined and collected (se&o82.3).

} Organisation of training sessionsg training sessions on the use of tool have been provided to
both the technical verifiers and the industrial partneregsSectior?.4).

} Definition of Evaluation Criteriaz a common Software Evaluation Form was developed and used
in the verification of every DTOceanPlus module. Thét8are Evaluation Form is divided into
sections assessing thdsability, Userfriendliness Performance andAccuracyand perceived Value
of the tod (see Sectior2.5).

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 dutompleting the Software Evaluation Form. The
gquantitative and qualitative results from the Software Evaluation Form completed by each verifying
partner were collected, collated and analysed. The results of this analysis are preseBection 4.

2.2 DEFINING THE VERIFICATION CASES

There are 7 key features of the SG tool:

Framework editorto review the framework and specify any thresholds for the SG assessment
Activity checklist to assess which stage gate the technology is eligible for

Applicant Mode complete the SG assessment with qualitative and quantitative questions
Assessor Modéo simulate the assessment of a completed application

Improvement Areaidentification to identify areas of improvement and link to the Sl tool
Study Comparisonto compare the results of two or more stage gate studies

Report Generationto produce a PDF standardised report summarising the SG assessment

NogahkwbdpRE

For each of these key features a sétUserStorieswere defined, outlining all potential use cases of

that feature. User Stories are generallgl O 01 AOAA ET OOA0O0O8 AOAOUAAU 1 /
reader understand what the software is able to accomplish. The scope tfgbeStoryis to delineate

OT1 AO | /AIOO AA ABDORO T DPAO6qh DPOT OA OEA OOEIEOU T £ A
AEme AEAT AU T &£ A OEAAI AT AOCU AOOAU 1T £ ZEOA OOOA
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A related concept is that of th&oftware Route®f each module in DTOceanPlus. Most of the
individual Deployment and Assessment (D&A) modules will operate differently at different
complexity levels (1, 2 or 3) and technology type (wave or tidal). Iltnwasrtant to identify all the
different input permutations that lead to slightly different calculation methods or functions being
used in the Business Logic (BL) of these tools. Each of the individual permutations and corresponding
set of methods is referigtto as é&SoftwareRoute The assessment @doftware Routets less applicable

to the SG tool because the key features operate independeritthe choice of complexity level and
technology type. In other words, for the SG tool there is a-btm@®ne mappimg between the Software
Routesand the key features.

Of greater importance to the SG tool is tl#agethat a device or technology has reached. The VS
needed to ensure that the SG tool works for the complete spectrum of Technology Readiness Level
(TRL); fom the earliest stage subystems to latestage array projects.

For these reasons, the VS were developed using the 7 major features of the SG tool as the basis but
including two scenarios for thapplicant Modéeature; one for an earkgtage assessmentra one for

a late-stage assessment. The resulting 8 VCs are shovseition 3. For eachVG the critical User

Story associated with the feature being testecsalso extracted and provided to the verifiers as extra
guidance of what exactly needed to be tested. Thesb-taskswithin eachVCare also described in
Section 3.

While the SG tool operates in the same manner regardless of the technology type, it was still essential
to verify that the tool is compatible with both wave and tidal energy assessmentaa$t also
important to ensure that the tool provided value to each of the user groups expected to use the SG
software (funders, investors, technology developers and project developers). ¥8chas thus
associated with a technology type and user group. Rarimore, a short description was written to

add broader context and background to each scenario. All these additional details are shoMBLE

31

The User Storieand Software Routesvere also used as the basis for the development of tutorials,
training sessions and user manual (see the Annex for the tutorials and user manual for the SG tool).

2.3 DATA DEFINITION

VSs have been adapted in accordance with available datdymed by the Reference Model Project

(RMP) sponsored by the U.S Department of Energy (DOE) Wind and Water Power Technologies
Program. The goal of this project is producing rproprietary Reference Models (RMs) of marine
hydrokinetic technology designs astudy objects for opessource research and development
programsl[4].

2-0 OOCAA AO DPAOO T &£ $4/ AAAT 01 OO8 OAOEEEAAOQEIT A,
performance and velocity measurements were collected to assess their interaction with the
surrounding environment. The outputs of the tests have been usednpsts for the modules

developed under DTOceanPlus, as showe&IBURE-1 .The use of this data was optional for the
SG verification, and was provided to the verifiassa resource if needed.
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FIGURE2-1: FLOW OF REFERENCE CASES/DATA BETWEEN THE TOOLS

2.4, DEMONSTRATION AND TRAINING SESSIONS

2.4.1TRAINING SESSIONS FOR THE TECHNICAL PARTNERS

Before running the first round of VCs, the technical verifiers (EDP CNET) received detailed training
material and tutorials. The main form of the training was provided through a set of video conference
calls where a walkthrough of all the features of tleoitwas given. The conference calls facilitated
technical discussions between the developers and the technical verifiervVEbaere also presented

and discussed thoroughly during these training calls.

A guidedescribingall the potentialusesof the toolwasi ££A OAA AU QG3OAEA 'OAODEODI
[3]. The Evaluation Areas (EAs) are listed, and for each of them it is possible to note the increasing
level of complexity as th&tageprogresses from 0 to 5. In theection dedicated to data input, there

is a distinction between qualitative questionfor( stages gates 1, 12 and 23) and quantitative
questions for later stages gates. Subsequently, the seven major functionalities of the tool (SG
Framework, ActivityChecklist, Applicant Mode, Assessor Mode, Improvement Areas, Report Export
Functionality and Study Comparison) are listed and explained in detail. Besides summarising the
functionalities of the tool, this document also presents more technical aspects, tlile
implementation of the software architecture and several examples of module inputs and outfstits

the end of this usepriented guide there are also some print screens to guide the user throughout
their entire assessment.

Additionally, a webinar on hwe to use the SG tool is also available on the project wehsiti¢h a focus
on the tool functionalities and its potential for the different stakeholders.

! https://www.dtoceanplus.eu/Publications/Training/WebitgaBtageGate DesignT ooHor-OcearEnergy
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2.4.2TRAINING SESSIONS FOR THE INDUSTRIAL PARTNERS

A similar walkthrough of the tool was provided to thedustrial partners on a separate video
conference call. The industrial partners were also provided with links to the previous SG tool
documentation, theVSsand access to the previously recorded webinar.

2.5 EVALUATION CRITERIA

Potential users and other stakelders were consulted to identify and clarify their need, requirements
and expectations of the SG tool.

The outcome of this analysigl] has been used to inform the functional requirements for the
development of the DTOceanPlusols and subsequently set out the Evaluation Criteria.

The survey highlighted ththe requirement for theSG toolto beflexible forthe public funding bodies

who are assisted by the tool in the comparison of different technologies. Flexibility is also important
for the stakeholder, who pointed out how some metrics might be more useful than others during the
assessment of a technologyetailed definitions of the various stages are required, according to
several responses, including a checklist of relevant metrics for each stage. The metrics should also be
standardised at international level and continuously updated.

The inputs coming im the usergroups consultation and th&echnical requirementset out for the
SG tool[2] delineated the Evaluation Criteria used throughout the Verification activities. These

criteria include a numeric (SeBABLE2-)) AT A NOAI EOAOEOA AOOAOGOI AT O A
functionalities.

Regarding the numeric assessment, a scale ranging from 1 to 5 has been used, vapeesdnts the
most negative assessment and 5 the most positive one.

TABLE2-1: SCORING SCALE 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 modulélhe Software Evaluation Form was divided into four sections assessing the

usability,

userfriendliness,
performance andaccuracyand
perceived valuef the tod.

[ R N S R )

The individual Evaluation Criteria that were included in the Software Evaluation Form are shown in
the results of the evaluation in Sectidncategorised under these four headings. When each technical
or industrial verifier completed the Software Evaluation Form, they were required to assign a score of
175 (seeTABLEZ2-1) to each of the individual evaluation criterion.
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The Evaluation Criteria for theerformance and accurasgction are evaluated for each feature of the
software. For example,waluation criterion 3.a.1 and 3.b.1 are the same criterion but applied to the
Framework and Activity Checklist features respectively.

The completed Software Evaluation Forms are included as an Annex to this report.
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3.6%2) &) #! 4) /[ . #! 3 %3

The Design Objectresfor the Verification Casesf the Stage Gate tool are described below,dsam
summary of these areshownin TABLE3-1.

1. The US Department of Energy wantsdefine thresholds for a funding call and save this new
framework for applicants to use. The funding call is for early stage (TRL 3) wave energy
devices(linked to VC1)

2. A mid stage (TRL 4) tidal energy developemtsto use the Activity Checklist to assewhich
stage gate their 500kW tidal turbine is eligible to be assessed agdiim&ied to VC2)

3. An early stage (TRL 1) wave energy technology developer wants to run applicant mode stage
gate assessment for their Power Tak¥f (a direct electrical driveystem)(linked to VC3)

4. A tidal energy developer wants to run a stage gate assessment for their late stage (TRL 7)
array of 3 devices (each rated at 1MW) of horizonal axis, bottom mounted tidal turbines.
(linked to VC4)

5. Wave Energy Scotland want to assessearly stage (TRL 1) wave energy PeWwake Off (a
direct electrical drive system) in assessor mode as part of their PTO Progratinieed to
VC5)

6. An angel investor wants to compare the stage gate assessment results of two late stage (TRL
8) tidal enery devices (floating, one rated at 750kW, one rated at 2MW) to consider which to
provide further funding to(linked to VC6)

7. A public funder like Wave Energy Scotland want to generate a report for the stage gate
assessment of a late (TRL 8) stage wave epeeyice (750kW, heaving buyoylinked to VC)

8. A technology developer wants to understand which areas of their technology need to be
improved upon in order to begin using the Structured Innovation tool for concept
improvement (Tidal energy, horizontal axdevice, IMWJinked to VC8)
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TABLE3-1: SUMMARY OF STAGE GATE TOOL VERIFICATECHNSES
Targeted user

DTOcean+

Name Technology Feature
group
Define/choose
ifythresholds t
VC1 | the Stage Gate SpeC|'fyt resholds to be Funder/Investor Wave Framework
used in a SG assessmel
Framework
Complete the Activity
Assess stage and Checklist, assess stage
g and review activities stilll Technology/Project . Activity
VC2 outstanding Tidal .
L to complete to be developer Checkilist
activities -
eligible for the next
stage
Stage Gate COmp|ete D Technology/Project Applicant
VC3 assessment questions to support SG deve?oy | ] Wave [I)\/lpode
(early stage) assessment p
Completequantitative
questions to support SG
Stage Gate . .
vea assesgment (late assessment, compare Technology/Project Tidal Applicant
metric resu'lts apd developer Mode
stage) thresholds, identify
shortfalls
Simulate SG assessmer
Run Assessor i i A r
VC5 from point of view of Funder/Investor Wave SSESSO
Mode assessor Mode
Compare results of two
Compare SG . Study
VC6 . ' Funder/Investor Tidal .
studies or more SG studies comparison
Generate a standardise(
report summarising the Report
VC7 | Produce report Funder/Investor Wave .
p results of a S'fage Gate generation
analysis
Identify improvement
areas which can then bg
Ves Link to SI tool used to entering the Technology/Project Tidal Improvement
Structured Innovation developer areas
tool
DTOceanPlus Deliverabl&rant Agreement N’85921 Page19| 90



D4.3 DTOcean+

Testing and verification results of the Stage Gate Tpbkta version

3.1 USER FLOW AND EXPERIENCE

The flow of activities to be followed whennning the tool can be articulated as follows:

} Review of theSGactivities: the user has the possibility to check wfthat technology development
activities have been completetb date, in each of the ten available categories (Survivability,
Energy Captue, Acceptability, Energy Transformation, Installability, Affordability, Reliability,
Avalilability, Maintainability and Energy Delivery).

} Select the SG based on the activities completdtie userchooseswhich SGthey would like to
select
A StageOwithaT, ANOAT O Xxq Ai OOAOGPI T AO Oi

observed.
A Stage (TRL20q EO AOOI AEAOAA xEOE O#1 1 AdcEnbBlogys AOAT T E
conceptisformulated, and experimental proof of concepas been carried oubb.

#1 1 AADC

(@]

A Staged 42, 1 q OAEAOO AAAE OI O$AOGECT / pOEI EOAOQEI

A Stage 3TRL56q ET Al OAAOG O3 AAI AA $Ai 11T OOOAGET T O66h O
and demonstrated in a real environment.

A Stage ATRL 78)invoDAO A O6& 011 3AAT A $AiT T 1T OOOABGETT8h xE
and the demonstration of the prototype in an operational environment.

A Stage Sshows the highest TRLi @ AT A ET Al OAAO 06&dii 3AAT A 100

the system is provemian operational environment.
} RuntheSGAssessment when the SG assessment is run, the user will be asked to fill out questions
about their technology.
} View the results the user will see a graphical representation (in percentage) depending on the
guestions that have been answered.
} Generate the report one of the main outputs of th&Gdesign tool is a standardised report that
summarises all the input and output data of the module

It is important to emphasise that, even though the Verification aitiés have been carried out by
running the SG tool istandalone modé@.e. the tool is not integrated with the others) is intended

to work in cooperation with the other tools developed within DTOceanPlus. For example, while
running the SG Assessmet in integrated mode, the user will be prompted to opegach of the
relevant [D and AD toolsto calculate the metricsln arder to run the @ and AD tools, the user will

be asked tqrovidecriticalinput parametersaboutthe technology being assessetf at the end of an
assessmenan area of improvemenis identified(e.g. running aSGassessment identifies a missing
EA or f the metric results deviate significantly from the thresholds set by the Jigbe user will be
prompted to open theSImodule.

3.2 USER STORIES

As mentioned previously, thEser Storiegrere used as the basis for the VCs. The eight VSs are listed
below together with the critical US stories selected from each feature. Thesetasks within each

VS describe the SG tool froen enduser perspective and provided additional guidance to the
verifiers on the functionalities to be tested.
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1. Framework: view theSGFramework data and edit the framework by specifying the metric
thresholds that are applied.

1.1. View frameworks; as a SG usdrwould like to view thstageand SGdata associated
with aframeworkin order to understand the activities involved in a spiecfageand
the questions that will be asked in a specBiGassessment.

1.2. View categorisation; as a SG user, | would like to be able to categorisesthge
activity data by eitheractivity categorpr EA

1.3. Edit metric thresholds; as a SG user, | would like to edit thetric thresholdthat will
be applied in thdramework for each question in thitEamework | would like to either
change the value of the metric thresholds or enable/disable the threshold.

2. Activity checklist: asess the maturity of a technology by identifying completed and
outstanding Stage Activities.

2.1. View checklist inputs as a SG user, | would like to browse through dlcévities
required for each stage of a framework and mark whether that activity has been
completed.

2.2. Change categorisation as a SG user, | would like to categorise the activities of the
stage activitydata by eitheractivity categoryor EAwhen performing the activity
checklist.

2.3. Obtain stage summary, as a SG user, | would like to obtain the qeetage of
activities completed for eachtageof aframework.

2.4. Detailed breakdown; as a SG user, | would like to see further information on a specific
stagein order to see the breakdown of completed activities petivity categornand
EA

2.5. Outstanding activities; as a SG user, | would like to see a list of the outstanding
activities required for eachtageof aframeworkand to be able to categorise the data
by activity categorypr EA

3. Applicant mode (early stage) evaluate the overall performance of an eastyge technology
(i.e. SGs0-1, 12 or 23) using qualitative and quantitative questions (metrics), comparing
results to metric thresholds if applicable.

3.1. Early stage applicant inputs as a SG user, | woulddiko complete &sGassessment
in applicant modend fill out themetric resuland justificationto each quantitative
guestion or therespons¢o each qualitative question in the assessment.

3.2. Early stage applicant mode summaryas a SG user, | would likeview the summary
results of theSGassessment in order to show the overall progress, the summary
should show theresponse ratgthe percentage of completed answers) and, if
applicable, thethreshold success rafthe percentage of quantitative questioniat
have met the required threshold).

3.3. Early stage metric summary as a SG user, | would like to view a tabular summary of
the metric resultsthat were achieved, along with a comparison to the metric
thresholds that were defined for the chos&Gframework.

3.4. Early stage view responsesas a SG user, | would like to view the answers that |
submitted in a previously completeabplicant modassessment.

4. Applicant mode (late stage) evaluate the overall performance of a lagéage technology
(i.e. SGs3-4 and 45), using quantitative questions (metrics), comparing results to metric
thresholds if applicable.
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4.1.

4.2.

4.3.

4.4,

Late stage applicant inputs as a SG user, | would like to complete@assessment

in applicant modeand fill out themetric resuland justificationto eachquantitative
guestion in the assessment.

Late stage applicant mode summaryas a SG user, | would like to view the summary
results of theSGassessment in order to show the overall progress, the summary
should show theresponse ratgthe percentage of comleted answers) and, if
applicable, thethreshold success rafthe percentage of quantitative questions that
have met the required threshold).

Late stage metric summary as a SG user, | would like to view a tabular summary of
the metric resultsthat were ahieved, along with a comparison to the metric
thresholds that were defined for the chos&Gframework.

Late stage view responsesas a SG user, | would like to view the answers that |
submitted in a previously completeabplicant modassessment.

5. Assessor mode simulate the evaluation of 8Gassessment from the point of view of an
assessor.

5.1.

5.2.

5.3.

5.4.

5.5.

Assessor scoresas a SG user, | would like to review and score each of the answers
that were provided in aapplicantmodeassessment.

Assessor omments; as a SG user, | would like to explain the score | assigned to each
guestion by providing remarks on tleeoring criteriassociated with each question.
Assessor summary as a SG user, | would like to obtain the average and weighted
average scoréor the entireassessor modessessment.

Assessor breakdown as a SG user, | would like to obtain the average and weighted
average scores as broken downdpyestion categorgnd EA

View responses as a SG user, | would like to view the scores that | gtdurin a
previously completedissessor modiessessment.

6. Improvement areas identify suggested areas of improvement for a technology.

6.1.

List improvement areas as a SG user, | would like to obtain a list of the areas of
improvement (weaknesses of the techlogy) that may have been identified inSG
study.

7. Study comparison compare two or more technology options using previously compl&éed
analyses.

7.1.

Compare results as a SG user, | would like to compare the results of two or ®Gre
analyses. Comparisongan include analysis results from the three ma8G
functionalities, namely thé\ctivity ChecklistApplicant Modand Assessor Mode.

8. Report generation: generate a standardised report summarising the results 8Ganalysis.

8.1.

Export report; as a S@ser, | would like to generate and export a standardised report
in PDF format that summarises all the information regarding a speSiBanalysis.
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4.1 .1 ,93)3 [ & 2%35,43

A Software Evaluation Forntas been used to gather all the insights coming frore fhist round of

VCs by the technical verifier (EDP CNET). The same document has been filled by the industrial
partners, who performed the second round of VCs. A completed version of this document, with the
information coming from both the technical verdi and the industrial partners, is available at the end

of this report (Annexes Il and V). In this section, however, only the most relevant information will be
presented.

Four characteristics have been evaluated while running the VCs for the SG toalynam

} Usability, which deals with the higkevel software experience;

} Userfriendliness, to assess how much the software is easy to use;

} Performance and Accuracy, to determine the quality of results in terms of accuracy, robustness
andperformance for each one of the main functionalities (features) of the software;

} Value, to assess the value perceived by the user.

The following subsections present the quantitative and qualitative results.
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4.1 QUANTITATIVE ASSESSMENT

A total of 7 organisatins completed the verification process for the different features of the SG tool
(EDP, Corpower, Nova, BV, Sabella, ESC, EGP) and provided feedback by the Software Evaluation
Form. FIGURE-1 shows the average scores across the 4 categories of evaluation, highlighting an
overall satisfaction from using the tool, as all average scores are within the range of 3 to 5.

4,60

4,40

4,20

4,00 2

3,80 3,7
3,60

3,40

3,20

4,4
4,2

MEAN SCORE

EVALUATION CATEGORIES

m1. USABILITY B 2. USER-FRIENDLINESS
3. PERFORMANCE AND ACCUI"ACY VALUE

FIGURH-1: MEAN RATINGS OF THE EVALUATED CHARACTERISTICS

As can be seen IRIGURE-2, most of the participants of verification (80%) were sasidfiwith the
usability of the SG toolThe majority of (66%) the respondents agree or strongly agree that the tool

is generally user friendly. Around 80% (in average) of the respondents considered that the tool shows
performance and accuracy. More than 6Q@%fthe users considered that the tool is valuable, while
around 20% disagrees. A further analysis on the results is described in the following sections.

User Friendlinessl

Usability

Performance &
Accuracy ‘ ‘

Value '
\ \ \

0 100

40 60 80
Percentage of scores in each category
m 1-Strongly disagree 2-Disagree 3-Undecided ' 4-Agree m 5-Strongly Agree

FIGURE4-2: PERCENTAGE OF SCORES FOR THE FOUR KEEGARIES
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4.1.1USABILITY

The following statements have been assessed inUlsabilitycategory.

TABLE4-1: ASSESSED USABILITY CRITERIA
ID Statement
1.1 | The software is intuitive and easy to use in general
1.2 | ltis easy to create and delete a Study
1.3 | Itis easy to edit, save and export a Study
1.4 | The process of inputting data is clear and efficient
1.5 | Results are meaningful, easy to interpret and use
1.6 | | could complete the process without errors
1.7 | lam satisfied with the overall speed of computation
1.8 | The software can be run from my computer without any issue
1.9 | The training sessions and documentation are useful for learning how to use the software

FIGURE-3presents in the form of stacked bars the user scores per each statement listed above. The
same results are presented IGURE-4 using a spider chart, to highlight the mean, maximum and
minimum values

% OF SCORES 11
0% 20%  40%  60%  80%  100% ,5"~s

11
1.2
1.3
1.4
15
1.6
1.7
1.8
1.9

STATEMENT ID

SN ’

m 1-Strongly disagree 2-Disagree IB . 4;5
3-Undecided 4-Agree
m 5-Strongly Agree - - - m,EQN
MIN

FIGURE4-3: DISTRIBUTION OF USER SCORES PER  FIGURE4-4: MEAN, MAXIMUM AND MINIMUM
USABILITY STATEMENT SCORES PER USABILITY STATEMENT
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In view of the resultsRIGURHE-3) it can be said that the tool is easy to use and intuitivel(lD.A

high percentage (85%) of the users finds it very easy to create and delete a stetl@)IDhe process

of editing, saving and exporting a Study {ID8) is also easy for more than half of the users (71%). 85%

of the users are able to run the softwandthout any issue (ID1.8), being overall satisfied with the

speed of the computation (I2.7). Some difficulties arise with the process of inputting datal(4):

XIm T £ OEA OOAOO AT 160 ZAET A OEA pPOIT AAvdie th®é O EAEAE
OAI AETET ¢ OOAOO AT 160 AopAOEAT AA AT U AEAEZEAQOI OEZ
the results obtained meaningful and easy to interpret and usel(l), while 14% of the users

disagrees with this statement and the remaiginl4% are undecided. Evidences of errors while

running the tool (IB1.6) have been found (14% of the total cases), but 71% of the users can run the

tool without any problems.

On average the users find the documentation and the training sessions led Ispttveare developer
useful (ID1.9, sedFIGURE4-4).
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4.1.2USER FRIENDLINESS

The following criteria were used for théser Friendlinegsategory:

TABLE4-2: ASSESSERJSER FRIENDLINESSRITERIA
ID Statement
The user interface is simple, easy to navigate and-eajhnised
2.2 | The user interface looks professional
2.3 | It responds promptly to useactions (inputs, selections, clicks, ...)
2.4 | It provides the user with enough help, indications and/or guidance throughout each process
2.5 | The meaning of each data input/user selection is clear
2.6 | The meaning of each data output is clear
2.7 | Visualsation of results is clear and informative
2.8 | The user can add further information to the Study through the interface

FIGURE-5presents in the form of stacked bars the user scores per each statement listed above. The
same results are presented MHGURE-6 using a spider chart, to highlight the mean, maximum and
minimum values.

% OF SCORES
0% 20% 40% 60% 80% 100%

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

STATEMENT ID

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

m 5-Strongly Agree

FIGURE4-5: DISTRIBUTION OF USER SCOREER FIGURE-6: MEAN, MAXIMUM AND MINIMUM
USERFRIENDLINESSTATEMENT SCORES PER USHRRIENDLINESS STATEMENT

As can be seen RIGURHE-5, 50% of the respondents agree that the user interface is simple, easy to
navigate and welbrganised (IB2.1), whereas the rest are undecided or disagree. This can be an area
of improvement fa the final version of the tool. It can be said that the user interface looks professional
and that the tool responds promptly to user actions, as over 80% of the respondents agreed with both
these statements (IE2.2 & 2.3). There is a mixed opinion oretlter the tool provides the user with
enough help, indications and/or guidance throughout each proces2 @ with half the respondents
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agreeing with this statement, and the rest undecided or disagreeing. This also can be an improvement
area for the nekversion. The meaning of each data input/user selection and data output is clear for
the users, with 80% of respondents agreeing with statement2I® and 2.6. The Visualisation of
results is clear and informative according to respondents, with 66% aggeeith this statement (1D
2.7).The possibility of adding further information to th&tudy through the interfac€ID-2.8)leaves

43% of the users undecidedith 14% of the responehtsdisagreeingwith this statement

The spider diagram ifFIGURE4-6 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 uses from different companies.
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4.1.3PERFORMANCE AND ACCURACY

Before the quantitative analysis is important to state that the presented results are the outcome of
the test of eight different features of the tool. The features correspond to the eight verifinatases
previously identified: Framework, Activity Checklist, Applicant Mode [early stage], Applicant Mode
[late stage], Assessor Mode, Study Comparison, Improvement Areas and Report Generation. The
results represent the average values of the nine features

The statements presented oRABLE4-3 were assessed regarding thierformance and Accuracy
the tool.

TABLE4-3: ASSESSEIPERFORMANCE AND ACCURACRITERIA
ID Statement
3.1 | Results are robust and not sensitive to small changes of 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 afesults corresponds to the user expectation for the stage of technology maturity
3.5 | The computational time is adequate for the level of accuracy provided
3.6 | The software did not suffer from any sort of data shortage/lack of memory during the test
3.7 | The software can handle errors without crashing

FIGURE-7presents in the form of stacked bars the user scores per each statement listed above. The
same results are presented MIGURE-8 using a spider chart, to highlight the mean, maximum and
minimum values.

% OF SCORES
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3.7 Frrrrrerrrrrred
m 1-Strongly disagree 2-Disagree
3-Undecided 4-Agree
m 5-Strongly Agree
FIGURH-7: DISTRIBUTION OF USER SCORERR FIGURH-8: MEAN, MAXIMUM AND

PERFORMANCE AND ACCURACY STATEMENT MINIMUM SCORES PER PERFORMANCE AND
ACCURACY STATEMEN
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FIGURH-7 shows that more than 70% of the testers consider that the results are robust and not
sensitive to small changes of inputs. On the other hand, the remaining ones are undecided XID
More than 80% considered that the results are credible and trustworthy while the rest are undecided
about this (ID3.2). The majority of users agree that the accuracy of the results is acceptable
considering the granularity/complexity of data inputs (more thar?80D-3.3) and that the accuracy

of the results corresponds to the user expectation for the stage of the technology maturity (more than
70%- ID 3.4). On these two criteria, around 20% and 30% remain undecided, respectively. More than
70% of the responddn strongly agree that the computational time is adequate for the level of
accuracy provided, for the others this statement is undecided3®). About the software itself, more
than 70% agree in the sense thduet software did not suffer from any sort data shortage/lack of
memory during the teseind that the software can handle errors without crashiround 30% are
undecided or disagree on these criteria-305 and 1B53.7). This disagreement is only regise on ID

3.6 which may mean thatthe software could suffer from data shortage/lack of memory, without
crashing

From the spider graphHIGURE-8), it is possible to gauge that the mean, maximum and minimum
scaes are balanced regarding the performance and accuracy of this tool. The mean value is in the
range of 4 and 4.7 while the maximum and minimum values are established in 5 and 3, respectively.
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4.1.AVALUE

The following criteria presented ochABLE4-4 were assessed regarding thalueof the tool.

TABLE4-4: ASSESSED/ALUECRTERIA

ID Statement
The software allows the user full control of the design process

4.2 | It produces results that allow easy comparisons

4.3 | It provides a large range of alternatives to create/assess technologies

4.4 | The user is informed abouhe internal processing (e.g. remaining time, log) and warned ab
potential inconsistencies
4.5 | The software meets my expectations in terms of results, graphical options, interaction,
functionality

4.6 | | would recommend the use of thieftware

FIGURE-9 presents in the form of stacked bars the user scores per each statement listed above. The
same results are presented MiGURE-10using a spider chart, to highlight the mean, maximum and
minimum values.

% OF SCORES
0% 20% 40% 60% 80% 100%

4.1 ITTT]
4.2 QITTITTITTITITITITITTT]
43 LTI
44 N EENEE
[T
T

4.5

STATEMENT ID

45 N

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

m 5-Strongly Agree

FIGURE-9: DISTRIBUTION OF USER SCORES PER VALl FIGURE-10: MEAN, MAXIMUM AND MINIMUM
STATEMENT SCORES PER VALUE STATEMENT
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AnalysingFIGURE-9 it is possible to state that around 40% of the users consider that the software
allows the user full control of the design process. Another 40% remain undioi¢his, while 20%
disagree orthis criterion (ID4.1). More than 80% agree that the tool produces results that allow easy
comparisons, but around 20% disagree on this4lB). For the range of alternatives to create/assess
technologies, 80% agree that the tool provides a large rar@ye the opposite side, 20% disagree on
this statement (1B4.3). Only 20% of thesels agree that the tool provideinformation about the
internal processing (e.g. remaining time, log) and warned about potential inconsistend@%
disagree on this and theemaining ones are undecided (¥4). Almost 80% of the respondents agree
that the software meetgheir expectations in terms of results, graphical options, interaction and
functionality while the rest of them disagreqID-4.5). To conclude, the majorityf the users would
recommend the use of this tool (B.6).

FIGURE-10shows that there are differences between the minimum (scptg and maximum (score
Z 5) scoredor the same assessment criterion that can be explained with different perspectives and
expectations of the respondents. The mean scores are placed between 2,8 and 4,3.

4.2 QUALITATIVE ASSESSMENT

This section presents feedback from both technical andustrial verifiers, gathered from their
Software Evaluation Formas well as feedback given outside of the forms from consortium partners.

Comments have been grouped under three main categof®arall user satisfactiotunintended tool
performanceand Proposals for improvementhe aim of this last section in particular is to guide the
path for improvement of the SG tool.

4.2.10VERALL USER SATISFACTION

Generally, the feedback indicated thahé tool iseasy to use andtraightforward to understand.
Overall ser satisfaction was covered in comments such as:

} Definitely useful for public and private investors and funders. For Developers (especially early
stage) it provides a good checkilist of areas to be worked on, and perhaps a framework to aspire to.
} Manyeay-OOACA AAOAI T PAOO AOA &£ AOOOGAA 11 OEA OET O
without a good businesglan to drive through to commercial success. This tool could provide a
001 AAi Apé6 OI xAOAO OEEOS8
} Even if results were not directly ready to exploithe way | expected for this use case, the checklist
is a really interesting tool to havéata generated and synthesized in the report would be really
valuable for technology developers, especially in guiding young companies.
} Great work on the resultsgges where outstanding activities are clearly displayed

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

} Suggestions of guidance required to lead the user through the steps
} Definitions of metrics anather terminology would be helpful
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} 30CCAOCOETITO i1 £ pi b O0b O(AI P8 xETAi xO xEEAE AT Ol
} Errors causing the tool to crash, which is solved by a refresh

4.2.2UNINTENDED TOOL PERFORMANCE

A large part of this verification task was in identifying errors andswhich could be fixed. These
were discovered in:

} InFramework SG-0andSGX) j ! b1 EAAT O 11 AAgqh OEAOA EO Oii A
}  While viewing the results, the appearance of the description of some metnos isorrect.
} SomeuserspresiO3 OAT EOA DB AON the rAspoiisedTHer® were other instances

of the response resultsot OET x ET ¢ch AOAT AZO0AO POAOOGEIT ¢ O3 A0AS
}  When runningAssessor Mode, there is no room for assessor comments

All of these errors are straightforward to fix and will be addressed in the beta version of the tool.

4.2.3PROPOSALS FOR IMPROVEMENT

4.2.3.1CHOOSING AND DEFINING A FRAMEWORK

The overall 8age Gate evaluation is based on specific weighting of activities/evaluatiorasreé\s
thresholds can be editedhere was a suggestion thateightings be editable too

On the Frameworksdashboard therecould be a short description on the GUI to remind the user of

what a framework is, for exampled ( AOA U1 & AAT OAshof thehabribities dnd A A OA
AOAI OAGETT AOEOAOEA OOAA O A crésA énérgy@eenholpBedDACA
AAEAOGI O AOAT Ax1 OE O$4/ AAAT 01 OO 3O0ACA 'ukiésBa & OAIT A>
new framework is create@reat a new framework to assign metric thresholds to evaluation criteria such

as X,VY,48

Asfor the possibility to edimetric thresholds an overview of all the thresholdsat can beeditedfor

each Stagemight be very useful and timesavirigstead of scrb | ET ¢ OEOI OCE OEA
OEOAOET | .Avhilk éxibgthelthbedhold metricst is not cleawhich of them are supposed to

be upper or lower thresholds.

o
(@}

There were several comments with the same point thattbe list of frameworksThe &ditébutton in
the Frameworks creation section only allodtge userto edit the Stage Gate Framework name, and
not its content aswould be expeced. The View button is used to view/edit the Frameworks, tet
user mayexpectthis.

4.2.3.2ACTIVITY CHECKLIST

Feedback has indicated that the Activity Checklist is laborious to fill out, and there was the suggestion
that it may bemore user friendiyto allow the user to directly go to the Staggte they choose. This
would beinstead of requiringnemO1 A1 RAAED 1310AT.A 6 . Hovévé Ehis imdy retnave A O
the benefit of ensuring the user has completed each stage fully before moving on.
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Most feedback indicated that the users of the tool understand that the intention of the checklist is to
ensure guidanceni technology development. The completion of each stage is encouraged before
moving to the next one, which ensures consistency across all Evaluation Areas in the technology
development process.

There were a few comments about there being a clear diagrashtaw the link between Stage and

TRL to help guide the user.

4AEAOA xAOA A mEAx OOCCAOOEIT O OEAO Pib Ob O(AI DS
metrics are would be helpful.

4.2.3.3APPLICANT MODE

For the qualitative responses, there is no word litnithe answer boxegvhich may result in a large
variety in the detail of the answers received. Also, the user may find it usefulptd imagesto
support their response. Some guidance on the length of answers required may help, as it would be
expected that less detail is required at the earlier stages, and more as the technology has matured.

When completing the Stage Gate questigraprogresson bar with live update representing the
completion of each subsection could ery useful. This woulbetter inform the user how much
information they entered and how much is still required

Depending on the type of technology being assessed (arrayglesidevice)jt would be good to be
ableto change the unitse.g.from kWh to MWh.

4.2.3.AASSESSOR MODE

Feedback indicated that explanation of the scoring criteria would be usefdkes&ription could be
shown in the GUI to remind the assessor how the scoringksvo

There were a few comments about there being no room for assessor comments.

4.2.3.5COMPARE STUDIES

A comment made showed thahe Study Comparisofeature in its current fornis not very intuitive
AAAAOOA OEA EEAT AO AT 1 60 IltHey afe sHdwed id kght grdyandthe AA  OAI
resultsappearto be empty

Adding studies to the comparison list was not obvious, as you can only see this is possible when
selecting the studies from thetSge gate sudy list It would be clearer to be able tose E/& UIT 06 OA
added the study to the Study Comparison list from within the Compare Studies feature.

4.2.3.6STAGE GATE REPORT

The report page was described as neat as it provides a simple but clear overview of each stage and the
flexibility of the user selecting extly what they want included in the repofExplanatiorson the page
arereally useful to guide the user in knowing what to tick on the report section and what to expect.
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Feedback includedbts of formatting and structure change suggestions. A common point was that
blocks of text would be clearer if displayed in a table.

Generallycomments indicated that the report should earer about which parts of the report are
the report text, which was completed by the applicant, and which are comments by the Aser.
suggestion of how this could be solvedishaving different oloured text for each source.

4.2.3.7IMPROVEMENT AREAS

There was the suggestion of having a button in the integrated version to direct the user to the Sl tool
at the Improvement Areas feature

Once an improvement area is flagged upkk to the relevant sectioaf the Stage Gate tool might be
helpful if the user wants to click on the relevant category and go back to the checklist or applicant
mode to amend the information.

4.2.3.8NOMENCLATURE

The initial ambiguity, interm$ £ T 1 1 AT A1 AOOOAh AADKAAD&QRARAEAT OEDA,
easily solved by adding a brief explanation for both terms, to better guide the user. The meaning of

the rest of the input data is clear, and the output data are easily interpreted. The representation of

output data using graphgrovide the user with a global perception of the outcome of a certain
assessment.

4.2.3.9RESULSASSESSMENT WITH EDITED METRIC THRESHOLDS

The metric results that are not filled in are considered as results (PASS or FAIL) but should be
considered as an empty field @A AA T £ AOOOI ET ¢ OEA OAI OA Ooé38

4.3 TASK LIST

The qualitative feedback from the Software Evaluation Forms was processed as they were reviewed
and compiled in a spreadsheet, sorted per feature with the frequency of each comment noted. The
number of times the conment was mentioned was used as an indication of how high a priority the
suggested change to the tool warom this analysis there were 116 individual comments with
feedback on the SG tool. These were sorted into 32 suggested changes to the tool to @anprov
functionality. The suggested changes were sorted into High, Medium and Low priority changes:

} 13 out of 32 were decided to be High priority changes
} 8 out of 32 were decided to be Medium priority changes
} 11 out of 32 were decided to be Low priority changes
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The High/Medium/Low allocation was split up as:

} High: Since there were 7 Software Evaluation Forms completed, if a comment was mentioned 4
times or more, it is likely that more than half of the reviewers discovered this issue and suggested
change. This as determined to be high priority.

}  Medium: If a comment was mentioned less than 4 times but more than once, it was determined to
be amedium priority change.

} Low: If a comment was mentioned only once, being a @fk it was determined to be a Low

priority change.

A summary of the high priority issues is given below, with more détailex V

TABLE4-5: SUMMARY OF HIGH PRIORITY ISSUES ADDRESS

Issue |
There is insufficient guidance an
background information provided tc
new users of the Stage Gate tog
applying across all functionalities ¢
the tool.

Resolution
More guidance, help buttons, additional background informati
and explanatory dialog boxes should be included in the final relg
of the Stage Gate tool, including definitions of the terminology. T
will be done by incorporating the previously publish
documentation (e.g. D4.2) and providing links to documentati
within the GUIL.

Inconsistencies and typos have beg
identified in  the  underlying
framework data presented in the tool

Review activities and ensure a consistent tense in the descriptig
activities and that descriptions make sense to all the possible u
of the tool (e.g. applicants, assessors €tc.)

Inconsistencies inthe metrics and
units that make up the Stage Gat
assessment component of the tool

A review of these is neededhcluding

G the suitability of certain metrics at earlier stages in tf
framework

suitability of "array-level" metrics for the Stage Gatdbat are
supposed to be targeting subystem and device leve
technologies

seemingly identical metrics are requested in multiple Stage Gg
has also raised confusion

G

A common bug in the tool whersg
clicking a button brought them to ¢
blank page

This issueseems to have been resolved already, with the latest
of updates, but additional testing should be performed to enst
that this issue has been tackled adequately.

Lack of clarity in the improvemen
areas and how they are identified

More clarification on how the improvement areas are identified
required. Improving how the improvement areas are present
including methods for linking the specific failed metrics to t
improvement areas. An option to show the improvement areas i
tabular format ha also been proposed.

Style improvements are required fo
the Stage Gate report

In future versions of the tool, the style and consistency of the St
Gate report will be improved

Missing scoring criteria in  thq
framework  which  means nc
corresponding bogs for assesso

comments in Assessor Mode

Each questionwill be assigned a set of scoring criteria, or els
method for accepting a general assessor commarttependent of
the scoring criteria

2 The annex of this document has the updated stage activities completed in lindevithA OES Task 12 work

that WES is involved,iand this will béncomporated into the tool.
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Too many collapse/expand sections
the tool which requirestoo much
clicking by the user

Consider ways of improving the user experienEer example
Making better use of tables.

"Collapse all/Expand all" buttons,

Adding check boxes to entire activity categories or evaluat
areas

Adding a live "progression bar" to show how much of a St
Gate assessment has been completed by the user.

All of these optionswill be considered, along with other ideas (¢
how to improve the UX of the Stage Gate tool.

@) ) G

G

Stage Gate reportis urclear on
authors of each section

To make clearer which section of the report is the description of
guestion, and which is the user's respendo ensure clarity in thi
regard, the use of tables and delineated sections will
implemented

No indication of if metric thresholds
are upper or lower limits

Each location in the tool that refers to metric thresholds sho
mention whether the threlold is an "upper” or "lower" thresholq
This is described in the metric results table but is missing in se
other locations. This will be implemented in the tool.

Buttons for moving to the next stage
in the Activity Checklist are confusin

These bttons can be changes so that instead of "Previous Sta
"Save", "Submit" and "Next Stage" buttons, make it possible
users to go directly to the stage that they are concerned with. T
or a graphical depiction along the top of the page to navig
through the stages may be used as better alternatives.

Individual buttons to edit metric
thresholds is not user friendly

A single location to view and edit the metric thresholds will be m
user friendly and less laborious than individual buttons and-ppp
dialog boxes for each metric.

There is a need for more clarity in th

Stage Gate report

To improve clarity and readability, the plan is to convert most of
data presented in the format of bullgioint lists to a tabular format

The highest priority taskhat was identified called foadditional guidance and help toe provided to

users of the SG tooVerification partners felt thathere was a lack of background informati@amd
explanatory dialog boxes presented with the toohdathat methodssuch as thesep helpguide the
user through the Stage Gate proces#ould improve theSGtool significantly:.

The developers of the Stage Gate tool vaitidress this suggested improvemeand implement the
resolutions tathe otherhigh piiority issues in the final release of DTOceanPlus. The Medium and Low
priority changes are listed in the Annex and will be reviewed with as many changes implemented as
possible in the remaining timeline of the project. These include issues such as:

}
}
}
}

The use having the ability to edit the weightings of questions in the stage gate assessment
Simplifying the charts in the Stage Gate report

The ability to copy and paste frameworks

Adding a glossary to help with understanding whilst using the tool
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5.#/ . #,53)/ .3

The objective of &isk4.3was to carry out the testing dhe Stage Gate desigtool in order to verify
that it meets all the previously defined requirements (in WP2 addL)l The verification task has
shown that the Stage Gate tool

responds correctly to a varied set of inputs;

performsits functions in an acceptable time and reasfe use of computational resource;
is adequate in terms of usabilignd

is verified against control data.

[ S R W ]

The following actions were completed part of the verification andvere describedhroughout this
report:

Definition of theVerification Caseandevaluation criteria

Organisation of training sessions (for technical and industrial pariners

Collection of data for eacWerification Case

Running theVerification Casegby technical and industrial partners)

Analysis of the resultsased on quantitative and qualitative assessments

Creation of a task list of changes that could improve the tool to improve performance

[ S R N S W i S W)

A stable beta version of thetage Gate tool is now availabl&dditionally, afirst draft of the technical
and user mauals that will be delivered alongside tfiaal version of the tool has been writteand is
included as an Annex to this report.

According to the quantitative resultshe end-users involved in evaluating the SG toatre satisfied
with the usability, useffriendliness, performance, and value of the software. The qualitative
assessment feedbadkighlightedseveraimprovements thatshould be made to the SG todihirteen

of these suggested improvements wecategorisedashigh prioritytasksand willbe implemented in
the final release of the DTOceanPlus suite of design tddie. highest priority taskhat was identified
called for additional heland guidance to be providem the users of the SG tool

The next steps in the development of the Stage Gate tool will focus on the implementatithe of
suggested improvements as discussed aba@ltengsidethe full integration of SGwith the other
DTOceanPlus toold-urther validation of the Stage Gate tool will be obtainas part of the work
planned in WP7, whichims tovalidate the suite of tools using realorld demonstration scenarios.
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6.2 %& %2 %. # %3

[1] DTOceanPlus, Deliverable 2.1 "Results from wg®ups consliation”, 2018.

2184/ AAAT 01 OOh O$AI EOAOAAT A $18X 4AAET EAAI
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.. %S 3% -! .51,

This annex provides an overview of the user manual that is being developedalere tools, firstly
outlining how this will be produced, and secondly providing an early draft of the documentation
content.

7.1 DOCUMENTATION FORMAT

As with the overall suite of tools, there will be an overarching main documentation, with a separate
set of documentation for each module. The main documentation will cover areas including installing
and running the tools; use cases and user journeysidiy linkages between the various parts of
the suite;andhow 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 dantation will follow an established
systent?, split into four main areagreceded by a brief overview of the functionalities and workflow:

} Tutorials to give stepby-step instructions on using the tool for new users.

} How-to guidesthat show how to achievepgcific outcomes using the tool.

} Anexplanation of features and calculation methodsgives technical background on how the tool
works, to give confidence in the tools.

} TheAPI reference sectiordocuments the code of modules, classes, API, and GUI.

The docunentation will be produced using the Sphinx Python Documentation Genetator

The contents of the documentation will build on the work done to date within the progect will
continue to be updated alongside the code. The tutorials will build on thosdymed to train the
partners for the verification activities described in the main report. €kplanation of features and
calculation methodswill be based on the comprehensive details outlined in the aipéesion
deliverables. Finally, the API referensection will document the code of the modules, based on the
code docstrings written alongside the module code.

The results of the verification activities will be used to improve the documentation, for example the
tutorials and/or howto guides could be atkd or improved to address any shortcomings identified or
feedback reeived.

For reasons of brevity, the content from the alpha version deliverables and code docstrings will not
be includel in this annex but will be publigd alongside the final softwaret ¢he end of the project.

3 The Documentation Systeimifps://documentation.divio.com/
4 Sphinx Python Documentation Generditips://www.sphinxdoc.org/en/master/
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7.2 DRAFTDOCUMENTATION HOME PAGE

7.2.1INTRODUCTION

The Stage Gate module (SG) is a software that supports the objective assessment of technologies in
the development process, ensuring a fair assessment ofsygbems, devices and arrafrem early
stage concepts up to commercial deployment.

Itis intended to be used by a wide variety of stakeholders, including:

} Technology developers in the evaluation of their own technolagd
} Investors and public funders to aid decision making ores@vtechnologies.

The aim of this tool is to guide the technology development process and facilitate the assessment of
ocean energy technologies.

As a tool, it operates with close integration to the Structured Innovation, Deployment and
Assessment toolgp support consistent assessment processes and ultimately guide decision making
for the users of the tool.

7.2.2STRUCTURE

This documentation is divided into four main sections:

} Tutorials to give stegby-step instructions on using the SG tool for new users.

} How-to guides that show how to achieve specific outcomes using the SG tool.

} An explanation of features and calculation methods gives technical background on how the SG
tool works, to give confidence in the tool.

} The API reference section documents the code of modules, classes, API, and GUI.

7.2.3FUNCTIONALITIES

The Stage Gate moduleds seven major functionalities:

1. Stage Gate Frameworkfunctionality for viewing the Stage Activity and Stage Gate Question
data of the Stage Gate Framework developed for DTOceanPlus. This functionality also
enables the user to edit the Stage Gate Franoekvby specifying the metric thresholds that
are applied.

2. Activity Checklistz allows the user to work through the required activities for each stage of
the Stage Gate programme in turn and record whether they have been completed or not. This
enables SG talentify the specific stage that a device or technology has reached.

3. Applicant Modez the first component of the Stage Gate assessment functionality. Presents
to the user a set of qualitative and quantitative questions about their technology that they
must answer. Emulates the application process at the stage gate of a typical technology
development programme, from the point of view of the Applicant.
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4. Assessor Modez the second component of the Stage Gate assessment functionality.
Presents to the user #h answers supplied by an Applicant in a previous Applicant Mode
assessment and requests Assessor scores and comments. Emulates the assessment process
of a Stage Gate of a typical technology development programme, from the point of view of
the Assessor.

5. Improvement Areag the methodology for identifying the improvement areas highlighted by
a Stage Gate analysis. These refer to the characteristics of a device or technology that the SG
module has identified as needing further development or refinement.

6. Repot Export Functionalityy generates a standardised report in PDF format that summarise
all the key information associated with a Stage Gate analysis.

7. Study Comparisoig compares the results of two or more Stage Gate Assessments that have
been performed byhe user.

7.3 DRAFTTUTORIALS

7.3.JFRAMEWORK
7.3.1.INTRODUCTION

The Framework feature allows users to view the activity and question data that is incorporated in the
Stage Gate tool. This is also the place where the user can view and edit metric thresholds.

A defaut framework is provided that cannot be edited,-ramed or deleted. This default framework,
labelled theDTOceanPlus Stage Gate Framewddes not contain any default metric thresholds. If a
user wants to apply any metric thresholds, they must first ceeat newFramework This section
contains four tutorials:

Inspect the default Framework data

Create a new Framework

Edit the name and description of a Framework
Specify the metric thresholds to apply in a Framework

honhpR

7.3.1.ANSPECT THE DEFAULT FRAMEWORK DATA

This tutorial shows how to view the stage activity data and stage gate question data that is
incorporated in the Stage Gate tool. It will use the default Framework that is provided with the Stage
Gate tool to demonstrate this feature.

1. Click the mairFrameworks button in the navigation pane on the lefiand side of the Stage
Gate tool. This will bring you to the home page of the Frameworks feature.

2. You should see a list of available Frameworks that should only contain the default Framework
at this stage.

3. Under theOperations column there are three buttons/iew, Edit and Delete. Because this
is the default Framework, the **Edit** and **Delete** buttons will be greyed out and
disabled. Click the **View** button.
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4. The name and description of the Framework are shown again at the top of the screen. Under
this, there is a banner shamg the six Stages (Stage-0Stage 5) and the five Stage Gates
that form the Stage Gate Framework. Each of the Stage and Stage Gate buttons can be
selected to bring up further information for that component. Clikage 0to show the
activities requiredo be completed in Stage 0.

5. You should see a list of&tivity categoriesstarting with Concept creation and description
click this activity category to expand the section and reveal the associated activities.

6. There should be 4 activities within tif@ncept creation and descriptisection. Every activity
can be expanded further to show its detailed description.

7. Above the banner showing the Stages and Stage Gates there is a switch button that is
currently set toActivity Category. Click this button.

8. The button should switch to th&valuation Areaoption. The list of activities should now be
categorised byEvaluation Areaather than by theActivity Categoriethat were shown at the
start. Note that this option is only applicable for the Stage activitiasd not the Stage Gate
questions.

9. Each of theEvaluation Areasan be expanded in a similar way to show the related activities
Note that the list of activities is the same, and all the switch button does is categorise the data
in a different waynote also that activities can be categorised under more than Baaluation
Area

10. Next, click onStage Gate 1- 2. This will bring up a list @uestion Categorigstarting with
Technology

11. Click theTechnologwection to reveal a description of this secti@s, well as a list of the four
guestions that form this question category.

12. Click theDegree of novelty and innovatiors@¥tion. This will reveal the detailed description,
the weighting and the scoring criteria for this particular question. This is>amgle of a
qualitative question.

13. Next, click the section titledMetrics- Installationand then click the questiomnstallation
duration This is an example of a quantitative question. It has the same description, weighting
and scoring criteria that a @litative question has but with additional information describing
the metric that is being requested.

14. Under each quantitative question you will notice a button labellgatlate metric threshold.

As we are investigating the default Framework, these butt@ms currently disabled. Later
sections of this tutorial will describe how to set metric thresholds for-default frameworks.

15. The user can browse through each of the Stages and Stage Gates in the same way as
described above.

7.3.1.CREATE A NERRAMEWORK

In order to set metric thresholds, a new Framework entity needs to be createsl.short tutorial
demonstrates how to create a new Framework.

1. Click theFrameworks button in the navigation pane down the leftand side to bring you to
the homepag of the Frameworks feature.
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2. Near the top of the screen there is a button labellgckate a new Framework Click this
button.

3. Inthe dialog box that appears, enter a name and description for the new Framework.

4. ClickCreateto create the new Framework his creates a copy of the Stage activity and Stage
Gate question data that is stored in the default framework. However, we can now use this new
Framework to set metric thresholds for future Stage Gate Studies. This will be defined in
Specify the metric thsholds to apply in a Framewartorial.

5. Upon creating the new Framework, you should be returned to the list of Frameworks and this
should include the newly created Framework entity.

7.3.1.4EDIT THE NAME AND DESCRIPTION OF A FRAMEWORK

The name and descriptionf any nordefault Framework can be edited easily.

1. For the new Framework created in the previous tutorial, Bt button in the Operations
column should now be enabled. Click this button.

2. Inthe dialog box that appears, enter a new name and a new description.

Click theUpdate button to update and return to the Frameworks home page.

4. The second Framework should now show the updated name and description that were just
set.

w

7.3.1.55PECIFY THE METCRIHRESHOLDS TO APPLY IN A FRAMEWORK

The Frameworks section is where users can set metric thresholds to be used in future Stage Gate
studies. This tutorial demonstrates how to apply an example metric threshold using the new
Framework created in Create awd-ramework.

1. On the Frameworks homepage, click thdew button for the new Framework that was
created and edited in the preceding tutorials.

Next, navigate to theStage Gate 3 4 tab along the top banner.

Scroll down to the section titletetrics - Affordability and expand this section.

Then expand the question labell&dCOE

TheUpdate a metric thresholdbutton should now be enabled. Click this button.

In the dialog box that opens, tick the checkbox that sApply metric threshold.

In the input number box labelle@hresholdtype the numberl50.

ClickUpdate.

The dialog box should disappear and for the LCOE metric section, there should now be a new
entry labelledThresholdOEAO OET xO OEA OEOAOEIT I A &£ O OEEO
This threshold will be applied for the LCOE metric in this Stage Gate for any future Stage Gate
studies associated with this Framework.

© o Nk WD

7.3.2STAGE GATE STUD

To perform a $age Gate analysis, you must first creatStage Gate studyA Stage Gate study is the
entity that is used to record and save the input and output data associated with a single analysis. Stage
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Gate studies must be givenmmme No two Stage Gate studiesuie have the same name. An optional
descriptiorof the study can also be specified. Finally, each Stage Gate study must be associated with
a single Framework (see previous tutorial).

This section contains three tutorials focusing on how to

} Create a Stage Ga study,
} Edit a Stage Gate study and
} Delete a Stage Gate study.

7.3.2.1Create a Stage Gate study

1. Navigate to the list of Stage Gate studies by clicking the "“Stage Gate Studies " button in the
navigation pane on the lefhand side of the Stage Gate tool GUI. Nefault studies are
provided with the tool so you should see an empty list if you have not created any studies.

2. At the top left corner of the screen there will be a button labelE@ate Stage Gate study
Click this button.

3. On the dialog box that appears, type iMameand aDescriptiorof the study.Note that the
description is an optional parameter, but the name is not.

4. Next, use the dropdown menu to associate the Stage Gate study with a previotesiyed
Framework entiy. If you want to apply metric thresholds in a Stage Gate analysis, you will
need to first create a new Framework and set the metric thresholds using the Framework
feature. More details are provided in the Frameworks tutordlhen creating a new Stage
Gate study, you will be able to choose from the list of available frameworks, including any
previously created Framework&or now, select the default framewolBTOceanPlus Stage
Gate Framework

5. Click theCreate button.

6. The list of studies should then appeavith the newly created study visible in the table of
Stage Gate studies.

7.3.2.2Edit a Stage Gate study

1. The final column of the Stage Gate studies table is labelp@rationsand contains a set of

three buttons for each Stage Gate study. Click tbdit button for the study created in the

previous tutorial.

A new dialog box will pop up with the namépdate a Stage Gate study

Enter a new name and description for the study. Note that once a study is created, it is not

possible to update the Framework that wariginally assigned to that study.

4. Click theUpdate button.

5. The list of studies will be displayed and the name and description of the study should be
updated.

w N
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7.3.2.3Delete a Stage Gate study

1. The last button in theDperationscolumn can be used to delete any pegisting Stage Gate
study. For the study that was created in the first tutorial of this section and edited in the
preceding tutorial, click th®elete button.

2. When the Stage Gate studies home page has loaded fully,sfmuld see that the selected
study has been deleted.

7.3.3ACTIVITY CHECKLIST

The Activity Checklishelps the user identify the stage that they have reached in the technology
development process. This feature presents the set of activities required to be letadpat each
Stage to the user in the form of a checklist. The feature can be used to quickly identify the technology
readiness level of their device. It can also be used to highlight the outstanding activities that are
required to complete a specific S1a. Users can use the *Activity Checklist* as an interactive
reference document, saving their progress and returning to the checklist throughout the
development of their technologyNote that the results of the checklist feature can also be obtained

in theformat of a standardised report.

7.3.3.1COMPLETING THE CHECKLIST

1. Note that a Stage Gate study must have been created previously in order to run the checklist
feature.Go to the Stage Gate studies home page by clickingStege Gate Sty button in
the navigatbn pane on the lefhand side of the tool.

2. For the previously created study, click ti&®=led button in the Operations column for the
study. This will bring you to the home page of that particular study.

3. Click thePerform button under theActivity Checklisheading.

4. You will be presented with the set of activities required to be completed for Stage 0. Expand
the Concept creation and descripts@ction.

5. Next expand the first activity of this category by clickiDgvice concept definition

6. There is a checkbox after the description of the activity. In this example, let us assume that
the technology developer has completed this activity. Check @amplete? box for this
activity.

7. Continue to navigate through the activities. For this example, mark all the activities in the
Device concept definition and Hydrodynamic performance assessmentcategories as
complete.

8. Click theSave button at the bottom centre ofthe screen.A notification saying that the
checklist activities have been updated should appddnis will save the current progress so
that the user can quit the programme and come back at a later time to continue the exercise.

9. There are also buttons dhe bottom of the screen for navigating through the Stages of the
Framework. Click theNext Stage button and you will see the activities for Stage 1. The
heading should also change &age 1

10. Click theTank testing category and mark th&ank testing of Paver Capture technology
activity as complete.
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11.

12.

13.

14.

Click thePrevious Stagebutton at the bottom left of the page to return to the Stage 0
activities.

Near the top of the screen there is a switch button with the lab&dsvity Categoryand
Evaluation AreaCiick this switch.

The activities displayed on screen will now be categorise&\mluation Areaather than the
initial Activity CategoriesThe list of activities is the same, all that changes is the
categorisation. Note that some activities can be list@ader more than ond&valuation Area

In this case, if you check or4sheck an activity under onEvaluation Areathe status of the
activity will be reflected in each of tHevaluation Areathat that activity falls under.

Click theSavebutton once more to save the results.

7.3.3.2VIEWING THE CHECKLIST RESULTS

Click theSubmit button at the bottom centre of the screen.

The summary results will be displayed showing the percentage of activities completed for
each stage as well as a graphical atipn of the percentages. The results should show 21%
complete for Stage 0, 4% complete for Stage 1 and all the other Stages should show 0%
complete.

ClickStage 0to get further details of the status of activities in Stage 0.

This next results page st the percentage of activities complete for eatbtivity Category
andEvaluation AreaFor theConcept creation and descriptaomd Hydrodynamic performance
assessmenactivity categories should both be 100% complete. The other categories should
all be @ complete. For th&valuation Areashe Manufacturabilityand Power Capturareas
should be 100% complete, thestallabilityarea should be 25% and the remaining evaluation
areas should all be 0%.

The final section of this results pages lists t@aitstanding Activitieghat are still to be
completed. The user can navigate through these outstanding activities as before,
categorising by eitheActivity Categorgr Evaluation Areas preferred.

7.4, DRAFT HOWTO GUIDES

7.41HOW TO USE THEGTOOL TO IDENTIFY COMPXRY LEVELS

The Activity Checklist tutoriadhowed that the Stage Gate tool can be used to identify the stage of
development of a device or technology. This in turn identifies the appropriate Stage Gate that the
technology should be evaluated against.

A user can run each of the Deployment and Asseent tools at varying levels of complexity. A pre
defined mapping between the Stages and complexity levels of the Deployment and Assessment tools
has been defined. This is referred to as the Combination Matrix and is shown in the table below.

This matrk allows the Activity Checklist functionality to inform the user of the appropriate complexity
level to use for each of the Deployment and Assessment tools. Furthermore, the Stage activities have
been developed in tandem with the user inputs of the Depleyinand Assessment tools for each
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level of complexity. As such, a user can ensure they have the user inputs required to run each tool at
the appropriate level of complexity if they first use the Activity Checklist functionality in the Stage
Gate module.

Note that the System Performance and Energy Yield (SPEY) tool works in the same way at each
complexity level and that the complexity levels for the Machine Characterisation module (MC), a new
module added since the publication 8], have yet to be defined.

Stage |Stage |Stage |Stage ‘Stage Stage

1 2 3 4
Site Characterisatior(SC) 1 1 2 2 3 3
Machine Characterisation (MC) TBC [TBC [TBC [TBC TBC [TBC
Energy Capture (EC) 1 2 2 3 3 3
EnergyTransformation (ET) 1 2 2 3 3 3
Energy Delivery (ED) 1 1 1 2 3 3
Logisticsand Marine Operations (LMO) 1 1 2 2 2 3
Station Keeping(SK) 1 1 1 2 3 3
Reliability, Availability, Maintainability, Survivability(RAMS)1 1 2 2 3 3

System Performance and Energfjeld (SPEY) - -
SystemLifetime Costs(SLC) 1
Environmentaland Social Acceptance (ESA) 1

=
=
N
W
[o8)

=
=
N
W
[o8)

To obtain this complexity level mapping, you must do the following:

1. Create a new Stage Gate study (s&&ge Gate studgutorial) and run the Activity Checklist
mode (seéActivity Checkligiutorial). Make sure to submit the answers.

2. The results will identify the Stage of technology development that has been reached.

3. Scroll to the bottom of theéActivity Checklistesults page, where you will see the same table
shown above but with the apppriate column highlighted.

4. Click the button labelledtart a new Deployment and Assessment designThis button will
navigate to the home page of the Site Characterisation (SC) module (the first Deployment
and Assessment module in the chain). The apprdpr@mplexity level will be prpaded as
an input to the SC module. This will be the case for all of the subsequent Deployment and
Assessment tools that are opened in turn.
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8.1 POWER CAPTURE

TABLES-1: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF POWER
CAPTURE (WAVEND TIDAL STREAM)

Stage Stage Activities

Stage 0z 1 Definition of technology requirements and challenges associated with

Concept PowerCapture(the problem statement)

creation 1 Concept definition and identification of physical/ functional
characteristics and fundamental operating principlegtud device,
including:

o0 low/ medum/ high energy resource suitability
0 deep/shallow water
o floating/ surface piercingbottom mounted
o likely commercialscalegeometricsize of the technolog
0 mode ofpowercapture degrees of freedonand reaction
mechanismfor powercapture
0 suitability for implementation of control systems to maximise
performance
0 potential benefitsof control systems in terms of operating principle
o0 degreeof reliance on contrasystems to achieve functionality
1 Basic estimates of hydrodynampmwer capture baed on
o fundamental relationships between physical parameters (such as
swept area odiameter)
0 power production of comparable technologies,
o fundamental limits (e.g. Betz or Budal limit)
1 Simple capture length ratio (wavey power cefficient (tidal stream)
calculationsbased on comparable technologies or consideration of
fundamental limits (e.g. Betz or Budal limit)

Stage Iz 9 Evaluation of physical and functional behavioursservedin tanktesting
Concept conditions Thiscan inform the characterisation of the devipewer
development capture functionality and suitability for the expected range of operatin
conditions
1 Development of a numerical modgb estimatecommerciatscalepower
captureperformance

i Tank testing ofdeviceat approximatelyl1:50- 1:20scale withappropriate
methods to mimic thébehaviour of a real PTO, covering:

0 arange of seatates or currents which provide scaled representat
of the targetcommercialoperating conditions to characterise the
functional perbrmance

0 where appropriate, variation of controllable parameters, such as
damping ordevicegeometry and evaluation of the impact grower
capture performance
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Stage Stage Activities

1 Validation of the numerical model using tank test data

Stage % 9 Further developmentand refinementof numerical model to estimate

Design commerciatscalepower capturegperformance

optimisation 1 Tank testing ofdeviceat approximately 130- 1:15with damping or
power takeoff method implemented tomimic behaviour of aeal PTO,
covering:

0 arange of seatatesor currents which provide scaled
representation of the targetcommercialoperating conditions to
characterise the functional performance

0 where appropriate, variation of controllable parameters, such as
damping ordevicegeometry and evaluation of the impact gower
capture performance

1 Validation of the numerical model using tank test data
1 Engagement with PTO developers to simulate and evaluate the
behaviour and performance of thdevicewith integrated PTO

Stage X 9 Further development andefinementof a detailed numerical model to
Scaled cover full operational envelopélheintegrated fully-operational PTO
demonstration must berepresented

1 Openwater testing (uncontrolled environment) afevice at sufficient
scale and size to represent commeresaiale performance (1:61:2
depending on site selection and subsystem siZdeintegrated, fully
functional PTOmust be represented. pplicationof appropriate
algorithms to vary controllable parameters, such as dampindexice
geometrymust be included

9 Openwater test campaign of sufficient duration to fully evaluate the
devicepower capture performance through sustained periods of
continuous generation in representative conditians

o for wave devices, this ghouldbe at least6 monthsto reasonably
expect experience of the full range of target energy generation-se
states

o for tidal streamdevices this should cover at least one full tidal cyc
(spring tide to spring tide or neap to neap)

1 Validation of the numerical model using all availabfgpropriate data

Stage 47 9 Further development andefinementof a detailed numerical model with
Commercial integrated subsystemso cover full operational envelope

scalesingle 1 Openwater testing (uncontrolled environment) of a siegiievice at
device commercial scalen a commercially representative sjtevith fully
demonstration functionalcommercialstandard subsystems

1 Openwater test campaign should be of sufficient duration, with no
significant periods of operational interruption, thoroughly evaluate the
devicepower capture performance. For wave and tidcdteamdevices,
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Stage Stage Activities

this shouldbe at least 12 months in order to experience the full range
expected operating conditionsThis allows inclusioof seasonal
variations and the opportunity to evade different system and
subsystem settings

9 Validation of the numerical model using all available appropriate data

Stage & 9 Additional numerical modelling and analysis to assasay-related
Commercial hydrodynamic interactiorbetween deviceso reflect the installechrray
scalearray configurationand future array deployments

demonstration |1 Selection of array layout based on hydrodynamic modelling and array
interaction analysis

1 Openwater testing (uncontrolled environment) of an array of at least
commerciatscale devicesin a commercially representative sitejth
fully functionalcommercialstandard subsystems

1 Openwater test campaign should be of sufficient duration, with no
significant periods of operational interruption, to evaluate the array
power capture performance to a higttegree ofconfidence. For wave an
tidal streamdevices, thishouldbe at leas® years in order to experience
the full range of operating conditions and build statistical significance
performance characteristics

1 Ongoing validation of a detailed numerical modeth integrated
subsystemsto coverthe full operational envelope

1 Validation and ongoing optimisation of any algorithms to vary
controllable parameters, such &TO settingsqdamping, force or speed
restrictions)or devicegeometry

5¢KS NBO2YYSYRIGA2Y 2skaledevites sSumasithatiedch devdcy réBeNadts & significant
generation capacity (e.g. > 100kW). Novel generation technologies could be aggregations of large numbers of
small generation capacitinits and the definition of a commercidale array should be adapted accordingly
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8.2 POWERCONVERSION

TABLES-2: STAGE ACTIVITIESUPPORTING CHARACTERISATION AND EVALUATION OF POWER
CONVERSION (WAVE AND TIDAL STREAM)

Stage (7 1 Definition oftechnologyrequirements and challengeassociated with
Concept Power Conversiofthe problem statement)
creation 1 Concept definition and identification of physical/function

characteristics and fundamental operating principles of Rir@luding:

o0 suitability of the PTO to the fundamental operating principle and
force of damping requirements of existing devices

0 suitability for implementation of control systems to maximise
performance

0 potential benefitsof control systems

0 degreeof reliance on contratystems to achieve functionality

1 Energytransformation behaviour and efficiency expectatiodsfined
based on (or derived from) existing, more mature technologies

Stage Iz 9 Development of a numerical model to estimate commereiable
Concept Power Conversion efficiency.
development | f Physica) laboratory or bench testingof main components ot
subsystems at an appropriate seako represent the functional
behaviour of the PTO Proof-of-concept testing of the technology
should cover
0 arepresentative range of PTO input conditions
0 representation of inertia and other devigelated phenomena
0 where appropriate, variation of controllable parameters, such
damping
0 assessment of potential benefits of control syste
implementation and reliance upon it
9 Validation of thenumerical model using test data

Stage %2 9 Development of a numerical model to estimate commeresable
Design power conversion efficiency
optimisation 1 Physical,&boratory or bench testingf complete PTO subsystem an
appropriate scaleto represent he functional behaviour of the PT(
technology,ideallycovering:
o full range of PTO input conditions, including extremes &
representation of inertia and other devigelated phenomena
o complete characterisation of PTO functional performan|
including, whee appropriate, variation of controllable parameter
such as damping
0 assessment of potential benefits of control syste
implementation and reliance upon it
1 Validation of the numerical model using test data
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Stage Stage Activities

1 Engagement withdeveloperdo simulate and evaluate the performanc
of the PTO subsysterim a device

Stage X 9 Development of a complete numerical model to calculate commerc
Scaled scalePower Conversion efficienc¢yoth in isolation (rigconditions) and
demonstration integrated in adevice

9 Physical laboratory or rig testingof complete PTO subsystem ¢
sufficient scale to represent commerciatale performance, ir
readiness for integration witla device, covering:

o full range of PTO input conditions, including extremes g
representation of inertiaand other devicerelated phenomena

o demonstration of operational characteristics of PTO functior
performance including, where appropriate, variation
controllable paraneters, such as damping

0 assessment of potential benefits of control system to imprg
performance implementation and reliance upon it

9 Validation of the numerical model using test data

Stage 4z 1 Development of a complete, integrated numerical model to represt
Commercial commerciatscale energy transformation performance across a rangt
scalesingle input conditionsand PTO settings

device 1 Physicatesting of commercialscale PTO subsystem, covering:
demonstration o full range of PTO input anditions, including extremes ani

representation of inertiaand other deviceelated phenome
o complete characterisation of PTO functional performan|
including, where appropriate, variation of controllable paramete
such as damping
1 Integration of the commercial PTO subsystem with a commerstle
device
1 Openwater test campaign of sufficient duration, with rggnificant
periods of operational interruption, to evaluate tii@ower Conversior
efficiencyof the PTQto a highdegreeof confidence. For wave and tid:
streamPTOs, thisshouldbe at least 12 months in order to experien
the full range of expected operating conditions (devid&TO input
operating conditionsand PTO settingsandto demonstrate sustainec
performance over aextended duration
9 Validation of the numerical model using rig aodenwatertest data
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Stage & 9 Integration of the commercial PTO subsystem to an array of at I18a
Commercial commercial scale devices in intended commercial deploym
scalearray conditions

demonstration | T Openwater test campaign of sufficient duration, with no sifjoant
periods of operational interruption, to evaluatthe PT@ Power
Conversion efficiencto a highdegreeof confidence. For wave and tid;
streamPTOs, thisshouldbe at leas®2 years in order to experience th
full range of operating conditions (device®TO input operating
conditionsand PTO settings This willbuild statistical significance o
performance characteristics and demonstrate sustained performa
over a long duration

1 Full validation of detailed numerical model of the PTO, integrated w
the device hydrodynamic numerical model

8.3 RELIABILITY

TABLES8-3: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF RELIABILITY
(WAVE AND TIDAL STREAM)

Stage Stage Activities

Stage Oz 9 Definition of technologyand marketrequirements and challenges
Concept creation associated wittReliability(the problem statement)
1 Selection of higHevel reliability targetsappropriate to the
technology
1 Evaluation of the reliability of comparable technologies and
applications. This evaluation should based on the conceptual
understanding of the technology and identification of physical anc
functional characteristics that impact reliability, including:
o near/ far from shore
0 deep/shallow water
o floating/ surface piercingbottom mounted
0 suitability for mplementation ofsupervisorymonitoring and
control systems
0 proposed structural material consideredith respect to scale
and loading scenarios and suitability for expected
environmentalconditions
0 concept mode of operation, moving parts, potential exposure
perceived susceptibility to damage
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Stage Stage Activities
Stage Iz 9 Development of a numerical nu®| or structural calculations to
Concept estimate commercialscale loads in subsystems and devices
development 1 Identification of likely design limit states

9 Identification of structural strength of proposed structural materia
and highlevel evaluation of safety factors ol structural
components

9 Useof experience from similar technology in a comparable
environment and application to identify key failure modes and to
estimate failure rates. Higtevel evaluation of the sufficiency of the
identified failure modes andate

9 Evaluation of the potential for control system actions to be
implemented and consideration of:

0 potential benefits to Reliability
o level of reliance on control to maintain Reliability

Stage % 9 Physical, laboratory or bendiesting of key componentsat
Design appropriate scale t@valuatelife (or cycles) capability and failure
optimisation rate

9 Development of numerical model to estimastructural loads on a
commerciatscaledevice validated to the extent possible using
physicaltesting

1 Quantitative assessment of likelpads (including fatigue) on a
commerciatscaledevicein representative conditionfom tank test,
rig test and validated numerical modelling

1 Development of an FM& based on FEE@®ront End Engineering
Design)activity for Sage 3open-water test devicetank-test &
modelling data Reliability experience from similar technology a
comparable environment and application may be applied.

Stage X 9 Openwater testing (uncontrolled environment) efdevice(or
Scaled subsystems in an opewater test rig e.g. device mounted on a
demonstraion barge)at sufficient scale to represent commercistale(1:6- 1:2)

behaviour and performance with representative subsystems

9 Openwater test campaign should be of sufficient duration to
demonstrateReliability through sustained periods of continuous
operation in representative conditions (i.e. iroperationalstate)

o for wave and tidastreamdevices, thishouldbe at least6
months. This should be sufficient time to includggnificant
recurrenceof the full range of targebperationaland
environmental conditions. This should includay conditionsof
particular concern to the key failure modes

9 Application and evaluation of atyithms to allow variation of
controllable parameters, such as dampingpmwer capture
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Stage Stage Activities

geometry, which could providBeliability benefits through load
reduction or mitigation

1 Application of structural load measurement and monitoring of
system failure

1 Further improvement in the fidelity ohumerical modesto calculate
commerciatscale loads, validated using opevater test data

| Development ofan FMEA for the technology €@mmerciatscale
systembreakdown informed by testing and analyséxperience

9 Accelerated life testing at suitable scale and sizevaluatekey
component,subsystem, odevice life (or cycles) capability and
failure rates. This work should support tdevelopment of(and be
coherent with the FMEA and O&M plan

Stage 47 9 Openwater testing (uncontrolled environment) ofa single
Commercial commerciatscale device, in a commercially representative site, w
scalesingle fully functional commerciabtandard subsystems

device 9 Openwater test campaign shouldebof sufficient duration to
demonstration demonstrateReliability through deployment in representative

conditions with no significant periods of operational interruption
This shouldyenerate experience to support FMEA validation
o for wave and tidastreamdevices, this is expected to be up to
12 months to experience of the full range of target operationi
and environmental conditions
1 On-going accelerated life testing at appropriate scébebuild
confidence in kegomponent, subsystem attevicelife (or cydes)
capability and failure rate
9 Monitoring capability should include a combination of:
0 structural loads (in device or subsystems),
0 operational conditions
0 environmental conditionsand
0 system failure
9 Further development and validation of numerical sttural model to
build detail and confidence in FME&his should include componen
subsystem and device failure modes and failure rates.
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Stage & 1 Openwater testing (uncontrolled environment) of an array of at
Commercial least2 commerciatscale devices, in a commercially representative
scalearray site, with fully functionatommercialstandard subsystems

demonstration 9 Openwater test campaign should be of sufficient durati¢at least
2 years}o demonstrateand evaluate Bliability acrossthe full range
of operational andenvironmental conditions. Periods operational
interruption should be minimised, and primarily focussed on gene
maintenance to support FMEA validation

9 On-going accelerated life testing at appropriate rig scale and size
build confidence in kegomponent, subsystem adevicelife (or
cycles) capability and flare rate

1 Monitoring capability should include a combination of:
0 structural loads (in device or subsystems),
0 operational conditions
0 environmental conditions, and
0 system failures

1 Ongoing development and validation of numerical structural mod|
to build detail and confidence of FMEA his shouldnclude
component, subsystem, device and array failure modes, failure ri
and MTTF

1 Definition of commerciaReliability management approach to
predict and mitigate future operational interruptionscluding
1 monitoring
1 prognostics/diagnosticsand
i any ongoing accelerated life test and management approact

8.4 SURVIVABILITY

TABLES8-4: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF
SURVIVABILITY (WAVE AND TIDARTREAM)

Stage Stage Activities

Stage (7 91 Definition of technologyand marketrequirements and challenge

Concept associated wittSurvivability(the problem statement)

creation 1 Selection of higHevel Survivability targets appropriate to the
technology

9 Evaluation of the Survivability of comparable technologies &
applications. This evaluation should be based on the concep
understanding of the technologyThis should includ&entification of
physical and functional characteristics thatpect Survivability or the
requirement for a specific level of Survivability

1 Understanding of general deployment site environmental conditior
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Stage Stage Activities

1 Clear definition of what thesurvivalevents may be, and their likel
impact on systems
9 High-level survival stratgy definition

Stage Iz 9 Ciritical evaluation of physical and functional characteristics of
Concept concept that impact Survivability, including:
development o modes of operation and any fundamental characteristics that

improve the ability tosurvive extreme conditions
0 suitability for implementation of protective control and
monitoring systems
1 Analysis ofprospective site conditions to determinelikely events
(within design conditions) or unlikely event (beyond design conditic
9 Clear definiton of what thesurvivalevents may be, and their likel
impact on systems
9 Identification of likely design limit states & identification of structur
strength of selected structural materials
9 Survival strategy definition, includinguitableprotective acton (active
and/or passive)
1 Definition of prediction, detection and alerts systems
1 Development of a numerical model to estimate extreme commerc
scale loads
T Initial estimation of impact on LCOE damage or loss of functionality

Stage % 1 Extensive analysis of site conditions to determine what events

Design likely or unlikely to occur

optimisation 1 Review of design condition boundary based on knowledge gaired
design work to date

91 High-level evaluation of safety factors of key strucal components

1 Development ofsurvival strategy including suitablerotective action
(activeand/or passive)

1 Development of prediction, detection and alerts systems

1 Definition of actions prior to reinstatement of all normal operatio
(diagnostic plans, ensor information, safety checks, physic
inspection)

1 Adaption of installationplan, O&M model andFMEA to account foi
protective action

9 Dedicated tank or rig testing to examine subsystem/device behav
duringsurvivalevents

91 Dedicated numerical modeljssuitable for analysingurvivalevents
andextreme environmentatonditions

9 Validation of numerical model using data available

1 Measurement of key structurand pressuréoadsin device
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Stage Stage Activities

1 Estimate of impact on LCOE oflamage or loss of functionalitgnd
implementation of protective action (cost of required systems al
reduced availabilitysupported by outputs of modelling, testing an

design
Stage X 1 Extensive analysis of site conditions to determimdat events are
Scaled likely or unlikely to occurjncluding combinations of environmente
demonstration conditions (wind, wave, current efc

1 Analysis of seasonahriabilityand extreme conditions at site

1 Review ofDesignCondition Boundary based on knowledge gained |
date

T $ACGATTPIATO T &£ Al  &- %' Al &caé
systembreakdown, informed by testing and analysis experience

91 Development of process for reinstatement of all nhormal operatic
following survval event

9 Adaptation of installation plan, O&M model arfedMEA to account fol
protective action

1 Demonstration and evaluation of the effectiveness araiability of
survival strategiesat sufficient scale to represent commercistale
device including
o failsafe modes
o algorithms to control protective action(gjuring testing

1 Further development of increased complexity numerical model
calculate commerciabkcale loads and safety factorssorvival events

9 Dedicated tank or rig testing to examineomponent, subsystemor
device behaviourand loading. This must bduring survivalevents,
expanding the rangof conditions used for the testing

1 Validation of numerical model using data available frgvhysical
testing and any other appropriate available data

9 Calculation of impact on LCOE damage or loss of functionalitgnd
implementation of protective action (cost of required systems ai
reduced availability)

Stage 47 1 Ongoing survival and extreme load analysis, taking account
Commercial component reliability and fatigue as componergsibsystems age
scalesingle 1 Update installationplan, O&M model, FMEA based on open wait
device testing experience

demonstration | 1 Update analysis of sitconditions to determinaevhat events ardikely
or unlikely to occurincluding combinations of environmente
conditions (wind, wave, current etc.)
1 Review ofDesignCondition Boundary based on knowledge gained |
date
1 Demonstration and evaluation of sundvstrategies on a commercia
scale device, including
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Stage Stage Activities

o failsafe modes
o algorithms to control variable parameters, such as damping or
PowerCapture geometry, or other active protective actions

9 Test of predictionmonitoring, detection and alertsystems

1 Update of survival strategy and protective action based on Reliak
assessments

1 Further development of numerical model taking account
deployment experience and updated FMEA

1 Continued tank testing and rig testing at a scale and size suffid@n
representation of survival events and extreme conditions

1 Update to LCOE based on available survival test and modelling de

Stage & 1 Update analysis of site conditions to determitikely events (within
Commercial design camditions) or unlikely event (beyond design conditions), bas
scalearray on updated understanding of device

demonstration | 1 Structural load measurement and monitoring of system failures

1 Ongoing monitoring of system functionality along with Reliabili
actions, with update made to suival strategy if required

1 Ongoing use and development of predictiomonitoring, detection
and alerts systems

1 Refinement and use of numerical model taking account of deploym
experience and updated FMEA

1 Update to LCOE based on available survival tegt enodelling data
taking accounif damage or loss of functionalitgndimplementation
of protective action (cost of required systems and reduced availabi
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8.5 MAINTAINABILITY

TABLES8-5: STAGE ACTIVITIESUPPORTING CHARACTERISATION AND EVALUATION OF
MAINTAINABILITY (WAVE AND TIDAL STREAM)

Stage (7 1 Definition of technologyand marketrequirements and challenges

Concept associated wittReliability(the problem statement)

creation 1 Selection of higHevelMaintainability targets appropriate to the
technology

9 Evaluation of theMaintainability of comparable technologigs similar
applicationsand environnental conditions This evaluation should be
based on the conceptual understandingtb& technologyand
identification of physical and functional characteristics that impact
Maintainability, including:

0 access restrictions for device (water depth and inatain type)

o likely accessibilig, modularity andransportability of components
and subsystems

0 suitability for maintenance operations esite or in a protected
location (harbour)

0 potential distance from port

0 environmental conditions at prospective type site

o identifiable Health, Safety and Environme(SE)isks

Stage Iz 1 Evaluationof the Maintainability characteristics of the technology,
Concept including
development o0 componentOEM maintenance guidance/recommendations

0 access restrictions fatevice (water depth and installation type)

o likely accessibility, modularity and transportability of componer
and subsystems

0 suitability for maintenance operations esite or in a protected
location (harbour)

0 potential distance from port

0 environmental cowlitions at prospective type of site

o identifiable Health, Safety and Environment (HSE) risks

9 Development of a higHevel O&M process including likely planned

maintenance activities in response to:

o the identification of key failure modes based erperience from
wider application of similar technology and assessment of which
parts of the systenwill require maintenancegan berepaired or
require replacement

0 HSEprocesses arising from identification of HSE risks
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Stage Stage Activities
Stage & 1 Optimisation of thetechnologyin response to the fundamental
Design Maintainability characteristics, including
optimisation 0 access restrictions for device (water depth and installation type)
o likely accessibility, modularity and transportability of componentt
andsubsystems

0 suitability for maintenance operations esite or in a protected
location (harbour)
0 potential distance from port
0 environmental conditions at intended type of site
1 Development of annitial O&M model including:
o failure modes from FMEA
o Simulationof:
A environmentalconditions
A vessel and other infrastructure availability, capability and co
data
A duration of maintenance actionsind estimates of component
replacement cost and availability
A marineoperations limitations and restrictions
0 HSEprocesses @asing from identification of HSE risks
1 Use of O&M model to guidsystemdesign optimisation

Stage & 1 Development of a complete O&M model aath O&Mplan in
Scaled preparation for operwater deploymentincorporating:
demonstration o failure modedrom FMEA
o0 information from technology fabrication
0 simulation of:
A environmentalconditions
A vessel and other infrastructure availability, capability and co
data
A marineoperationslimitations and restrictions
A planned and unplanned maintenance cost and repair times
o Definition of HSE actions to be implemented
1 Use of O&M model to guide O&M plan optimisationidgntifying the
failure modeswith greatest impact on cost and ailtability
9 Practical demonstration of the O&M plan through operation and
maintenanceactionsduring an open-water test programme at
sufficient scale to represent commercistale marine operations. This
is likely to be 1:61:2 scale.

Stage 47 i Update and any required extension of the O&M model and O&M pl
Commercal- in preparation for operwater deploymentincorporating
scalesingle o failure modes from FMEA based on commerdable technology

design andsystem breakdown
o information from technology fabrication and Stage 3 deployment
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Stage Stage Activities

device 0 simulation of:

demonstration A environmentalconditions

A vessel and other infrastructure availability, capability andtco

data

marineoperationslimitations and restrictions

planned and unplanned maintenance cost and repair times

resulting waiting times, predicted O&M activity and system

availability

9 Definition of HE actions to be implemented in the O&M plan

1 Use of O&M moel to guide O&M plan optimisatiohy identifying the
failure modeswith greatest impact on cost and availability

9 Practical demonstration of the O&M plan through operation and
maintenanceactionsduring a 12month openrwater test programme
Evidencemust begainedto validate themodel inputs and

> > >

assumptions
Stage ¥ 1 Update and any required extension of the O&M model and O&M pl
Commercial in preparation for operwater deploymentincorporating
scalearray 0 extension to represent array deployment and infrastructure

demonstration o failure modes fromarray-levelFMEA based on commerciatale
technology degjn andsystem breakdown
o information from technology fabrication an8tage 4 deployment
o0 planned and unplanned maintenance cost and repair time
0 simulation of:
A environmental conditions
A vessel and other infrastructure availability, capability and co
data
A marine operations limitations and restrictions
A planned and unplanned maintenance cost and repair times
A resulting waiting times, predicted O&M activity and system
availability
A planned and unplanned maintenance cost and repair times
9 Definition of HSE etionsto be implemented in the O&M plan
1 Use of O&M model to guide O&M plan optimisation by highlighting
key failure modes
9 Practical demonstration of the O&M plan through operation and
maintenanceactionsduring a2-yearopenwater test programme
Evidencemustbe gainedo validate themodel inputs and
assumptions
9 Continuous update of the O&M model and plan based on epeater
deployment experience
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8.6 INSTALLABILITY

TABLES8-6: STAGE ACTIVITIES SUPPORTINSBIARACTERISATION AND EVALUATION OF
INSTALLABILITY (WAVE AND TIDAL STREAM)

Stage (7 9 Definition of technologyand marketrequirements and challenges

Concept associated withnstallability (the problem statement)

creation 1 Selection of higHevel Installability targets appropriate to the
technology

1 Evaluation of thdnstallability of comparable technologiga similar
applicationsand environmental conditionsThis evaluation should be
based on the conceptual understanding of the technology and
identification of physical and functional characteristics that impact
Installability, including:

0 environmental conditions at prospective type of site

0 water depth at prospetive type of site

0 device accessibility (e.gurface piercingfloating/ bottom
mounted)

o installationvessel requirements

0 complexity of marine operations

o identifiable Health, Safety and EnvironmeHSE)isks

Stage Iz 9 Concept characterisation dhstallability characteristics of the
Concept technology, including:
development o environmental conditions at prospective type of site

0 water depth at prospective type of site
0 device accessibility (e.gurface piercingfloating/ bottom
mounted)

0 indtallation vessel requirementand transit speed

0 complexity of marine operations

o identifiable Health, Safety and EnvironmeHSE)isks

1 Development of a higHevel installation plan based on the

characteristics and scale of the technology. This plan ta&g the
form of a simple storyboard and must consider the HSE implication
the process

Stage % 1 Optimisation of fundamentalnstallabilitycharacteristics and
Design development of technical solutions to maximigestallability
optimisation 1 Evaluation of HSE implications of the installation plan
1 Development of a detailed installation plan including:
0 vessel requirements (installation vessel, support vessel, ROV)
0 indication of vessednd equipment costs
0 consideration of marine operatiorsomplexity
o0 definition of desirable installatioenvironmental conditions
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Stage Stage Activities

0 detailed storyboard defining the installation process, including
on-shoretransportation,launch methodtransit to deployment
site, connection (mooring and electrical) and commissioning

Stage X 9 Development of a complete installation plan in preparation for open
Scaled water deploymentincluding:
demonstration 0 port requirements definitiorand portselection

o0 launch methoddefinition
0 specification of vessels (installation vessel, support vessel, RO
with detailed evaluation of vessel and equipment costs
0 detailed assessment of marine operations feasibility with respe
to technology charactéstics specific site conditions,
vessel/operator capability and expected environmental conditic
0 specification of vessel routdeom port to deploymentsite
connection and commissioning process
o0 definition of HSE actions tbeimplemented in the installon
plan
9 Engagement of competent persons to completelependent review
of installationandoperations plan
1 Practical demonstration of the installation plan through installation
(and any retrievals/rénstallations) during a openwater test
programme at sufficient scale and size to represent commersiale
marine operations. This is likely to be 152 scat

(@]

Stage 47 9 Adaptation and extension of the installation plampreparation for
Commercial commerciatscale operwater deploymentincluding

scalesingle 0 port requirements definition and port selection

device 0 launch method definition

demonstration o specification of vessels (installation vessel, support vessel, RO

with detailed evaluation of vessel and equipment costs
0 detailed assessment of marine operations feasibility with respe
to technology characteristics, specific site conditions,
vessel/operator capability and expected environmental conditic
0 specification of vessel routes from port to deployment site
0 connectbn and commissioning process
o definition of HSE actions
1 Engagement of external experts to completaliependent review of
installationplan
9 Practical demonstration of the installation plan through installation
(and any retrievals/rénstallations) during ampenwater test
programme of at least I:Phonth duration, gaining evidence to
validateOEA DI AT 60 EI pOOO AT A AOGOO
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8.7 AFFORDABILITY

TABLES8-7: STAGE ACTIVITIES SUPPORTING CHARACTERISATION AND EVALUATION OF
AFFORDABILITY (WVE AND TIDAL STREAM)

Stage (7 9 Definition of technologyand marketrequirements and challenges

Concept associated withAffordability (the problem statement)

creation 1 Selection of higHevel Affordability targetsappropriate to the
technology

I Basic estimates of CAPEX based on fundamental relationships
between physical and economic parametéesg. material costand
cost of similar technologiee(g.PTO or other subsystejn

9 Use of typical project and technologgvel cost breakdowns from
wider sector experience to extrapolat®sts for unknown system

elements
Stage Iz 1 High-level CAPEX evaluation dfey components othe commercial
Concept scale technology

development | f Development of a initialconcept subsystencostbreakdown

1 Use of typical system and project cost breakdowns from wider sect
experience to complete cost evaluation

1 Integration of highlevel CAPEX and OPEX evaluations with energy
yield calculated byappropriatenumerical models t@alculate LCOE in
a proposeccommercial site

Stage % 9 Devdopment of a Levelised Cost of Energy (LCOE) model integrati
Design 0 initial CAPEX of key components thle commercialscale
optimisation technology under development

0 typical system and project cost breakdowns from wider sector
experience to provide cost evaluation of other systems or
subsystems

0 0O&M model and FMEA to evaluate OPEX and availability

o0 Energy yield evaluat usingappropriatenumerical models

1 Application of suitable learning rates and economisscale to
evaluate LCOE for

o the first-of-a-kind commercialscale prototype (Stage 4)

0 a"mature sector" technologge.g. alOMW array at 1GW global
installed capady)

Stage X 1 With further knowledge gained from wider Stage 3 activities,
Scaled developmentof a Levelised Cost of Energy (LCOE) model integratir
demonstration o detailed CAPEX of key components of the commersicdle

technology under development
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Stage Stage Activities

0 typical system and project cost breakdowns from wider sector
experience to provide cost evaluation of other systems or

subsystems

o0 Further developed&M model and FMEA tevaluate OPEX and
availability

o0 Energy yield evaluated usirappropriate validatechumerical
models

1 With further knowledge gained from wider Stage 3 activities,
application of suitable learning rates and economigfsscale to
evaluate LCOE for:

o thefirst-of-a-kind commercialscale prototype (Stage)4
0 a "mature sector" technology in a 10MW array at 1GW global
installed capacity

Stage 4z 1 Completionof asystembreakdownfor the commercialscale
Commercial technologyincluding all systems and subsystems

scalesingle 1 Finalisation of a Levelised Cost of Energy (LCOE) model integratini
device 0 Detailed costing of thesbuilt commercial scaleleviceto
demonstration evaluate CAPE

0 RefinedO&M, FMEA, powecapture and conversion modelling tc
evaluate OPEX, availability and energy yield
o Evaluation of array infrastructure, balance of plant, learning rat
operational and finance costs
1 Application of suitable learning rates and economisscale to
evaluate LCOE for a "mature sectaethnology in a 10MW array at
1GW global installed capacity

Stage & I Finalisation okystembreakdownfor optimised commerciakcale
Commercial technology including all systems, subsystems and array infrastructt
scalearray 1 Finalisation & a Levelised Cost of Energy (LCOE) model integrating

demonstration 0 Detailed costing of thesbuilt commercialscale arraygystem
breakdownto evaluate CAPEX
0 RefinedO&M, FMEA, powecapture and conversion modelling t(
evaluate OPEX, availabilignd energy yield
1 Application of suitable learning rates and economigfsscale to
evaluate LCOE faa "mature sector" technology in a 10MW array at
1GW global installed capacity
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Tool z Module: Stage Gate Design Tool

Name (user)
Company
Date Pick a delivery date

Instructions

Numeric assessment

Please rate each field in the tables using a scale from 1 to 5, where 1 represents the most negative
assessment and 5 the most positive one.

Strongly Disagree Undecided Agree Strongly
disagree Agree
1) (2) 3) (4) (5)

Qualitative assessment

Please use thboxin each section to add comments, overall experigrareother points that may be
useful to record.

1. USABILITY

This section aims to assess the hilgivel software experience. A Study is a design case afcean
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 amXport a Study [Select]
1.4 | The process of inputting data is clear and efficient [Select]
15 Results are meaningful, easy to interpret and use [Select]
1.6 | could complete the process without errors [Select]
1.7 | am satisfied with th@verall speed of computation [Select]
1.8 | The softwarecan berun from mycomputer without any issue [Select]
1.9 | The training sessions and documentation are useful for learning hoy [Select]

use the software
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Comments
[Please add other key points and comments]

2. USERFRIENDLINESS

This section aims to assess the user interface of the software.

ID Statement Rating
2.1 | The user interface is simple, easy to navigate and-aejhnised [Select]
2.2 | The useinterfacelooks professional [Select]

2.3 It responds promptly to user actions (inputs, selections, clicks, ...) [Select]
24 It provides the user with enough help, indications and/or guida| [Select]
throughout each process

2.5 | Themeaning of each data input/user selection is clear [Select]
2.6 | The meaning of each data output is clear [Select]
2.7 | Visualisation of results is clear and informative [Select]

2.8 | The user can add further information to the Study through therface | [Select]

Comments
[Please add other key points and comments]

3. PERFORMANCE ANBCCURACY

This section aims to assess the quality of results in terms of accuracy, robustness, and performance
per software Feature. A Feature is a mainctionality of the software that adds value to the user.

aA Feature Tested: [Insert description of feature]

ID Statement Rating
3.a.1 | Results are robust and not sensitive to small changes of inputs [Select]
3.a.2 | Results are credible artdustworthy for the audience [Select]

3.a.3| The accuracy of results is acceptable considering [Select]
granularity/complexity of data inputs used
3.a.4 | The accuracy of results corresponds to the user expectation for the g [Select]
of technology maturity
3.a.5 | The computational time is adequate for the level of accuracy provide( [Select]
3.a.6 | The software did not suffer from any sort of data shortage/lack of men| [Select]
during the test
3.a.7 | The software can handlerrors without crashing [Select]
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Comments
[Please add other key points and comments]

bA Feature Tested: [Insert description of feature]

ID Statement Rating
3.b.1 | Results are robust and not sensitive to small changes of inputs [Select]
3.b.2 | Results are credible and trustworthy for the audience [Select]

3.b.3| The accuracy of results is acceptable considering [Select]
granularity/complexity of data inputs used
3.b.4 | The accuracy of results corresponds to the user expectatiothfostage | [Select]
of technology maturity
3.b.5 | The computational time is adequate for the level of accuracy provide( [Select]
3.b.6 | The software did not suffer from any sort of data shortage/lack of men| [Select]
during the test
3.b.7 | Thesoftware can handle errors without crashing [Select]

Comments
[Please add other key points and comments]

cA Feature Tested: [Insert description of feature]

ID Statement Rating
3.c.1 | Results are robust and not sensitive to small changespfts [Select]
3.c.2 | Results are credible and trustworthy for the audience [Select]

3.c.3 | The accuracy of results is acceptable considering [Select]
granularity/complexity of data inputs used
3.c.4 | The accuracy of results corresponds to trseuexpectation for the stagq [Select]
of technology maturity
3.c.5 | The computational time is adequate for the level of accuracy provide( [Select]
3.c.6 | The software did not suffer from any sort of data shortage/lack of men| [Select]
during the test
3.c.7 | The software can handle errors without crashing [Select]
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Comments
[Please add other key points and comments]

4. VALUE

This section aims to assess the perceived value to the user.

ID Statement Rating
4.1 | The software allows thaser 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 technologie§ [Select]
4.4 | The user is informed about the internatocessing (e.g. remaining timg [Select]
log) and warned about potential inconsistencies
45 | The software meets my expectations in terms of results, graph [Select]
options, interaction, and functionality
4.6 | would recommend the use of this sefire [Select]

Comments
[Please add other key points and comments]

5. GENERAL REMARKS

This section aims to record other qualitative aspects not mentioned above.

[Please add any final remarks]
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SCORES

USABILITY

ID Statement Response 1| Response 2| Response 3| Response 4| Response 5| Response 6

1.1 |The software is intuitive and easy |4 2 4 5 4 4
use in general

1.2 |Itis easy to create and delete a Stu| 5 5 4 5 5 5

1.3 |It is easy to edit, save anexport a|5 5 3 5 3 5
Study

1.4 |The process of inputting data is cle 4 3 4 5 2 3
and efficient

1.5 |Results are meaningful, easy |4 2 3 4 4 5
interpret and use

1.6 |l could complete the process witho| 4 2 4 4 5 3
errors

1.7 |l am satisfied with theverall speed 0| 5 4 4 5 5 4
computation

1.8 |The software can be run from m5 5 5 5 5 5
computer without any issue

1.9 |[The training sessions ar 4 4 4 5 5 3
documentation are useful for learnin
how to use the software

USERFRIENDLINESS

ID Statement Response 1| Response 2| Response 3| Response 4| Response 5| Response 6

2.1 |The user interface is simple, easy|4 2 3 4 3 5
navigate and welbrganised

2.2 | The user interface looks professioni 4 4 4 2 4 5

2.3 |It responds promptly to useactions|5 4 5 3 4 5
(inputs, selections, clicks, ...)

2.4 |1t provides the user with enough hell 4 2 4 5 3 3
indications and/or guidanc
throughout each process

2.5 |The meaning of each data input/us| 5 3 4 5 4 5
selection is clear

2.6 |Themeaning of each data output |4 2 4 5 4 5
clear

2.7 |Visualisation of results is clear a|5 3 4 4 2 5
informative

2.8 |The user can add further informatid 4 3 1 5 3 3
to the Study through the interface

PERFORMANCE AND ACCURACY
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DTOcean+

Statement

Response 1

Response 2

Response 3

Response 4

Response 5

Response 6

31

Results are robust and not sensitive|
small changes of inputs

5

3

4

5

5

4

3.2

Results are credible and trustwortk
for the audience

5

33

The accuracy of results &ceptable
considering the
granularity/complexity of data input
used

5

34

The accuracy of results correspon
to the user expectation for the stag
of technology maturity

5

35

The computational time is adequa
for the level ofaccuracy provided

5

3.6

The software did not suffer from ar|
sort of data shortage/lack of memol
during the test

5

3.7

The software can handle erro
without crashing

4

Fully aggregated results have been analysed without differentiating scores betwéga and
functiondities. In all cases the average value per statement has been considered.

VALUE
ID Statement Response 1| Response 2| Response 3| Response 4| Response 5| Response 6
41 The software al!ows the user fl4 5 3 3 5 )
control of the design process
It pr results th llow ea:
42 t podgces esults that allow ea 5 5 5 5 4 5
comparisons
It provides a large range ¢
4.3 |alternatives to create/asseq 4 2 5 4 4 -
technologies
The user is informed about th
internal i .g. ini
a4 .te al processing (e.g remalnlir 3 1 5 2 i
time, log) and warned about potentii
inconsistencies
The software meets my expectatior
4.5 |in terms of results, graphical option| 5 2 4 4 4 5
interaction, and functionality
I would r h f th
46 ould recommend the use of t 5 1 3 4 4 5
software
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COMMENTS

ID Feature Subject Comments

1

Choosing&Defining
Framework

Weightings

The overall SG evaluation is based on a specific
weighting of activities/evaluation areas. Alsresholds
AAT AA AAEOAAR OEI 061 AT 80

Choosing&Defining
Framework

Direction of
improvement

When the user quantifies the metrics, the threshold is
POl OEAAA8 (1 xAOAOh ) EAO
the direction of improvement is shown as it is later
reported in tabular form (upper/lower).

Choosing&Defining
Framework

Framework
objective

7EAT Ul O PAOA&EI Of A OOOAU
it is not clear which the objective of the Framework is.
You only understand that without selecting one of the
existing frameworks, or a newly created one, you cann
save the SG Study. It clslbe worth to add a very brief
explanation both for the SG Study and the Framework
to guide the user.

Choosing&Defining
Framework

Thresholds

An overview of the available thresholds one can set wi
an explanation of their use might be useful for the user

Choosing&Defining
Framework

Thresholds

7EEI A EEQ@ET ¢ OEA OEOAOEI
them are supposed to be upper or lowergkholds./
threshold always the maximum or can be minimum?

Choosing&Defining
Framework

Framework
definition

On the Frameworks dashboard, there should be a sho
description on the GUI to remind the user of what a
framework actually is, foexample:

O(AOA Ui O AAT OAA AAOAEI
AT A AOAI OGAOGET 1T AOEOAOQEA
development of an ocean energy technology. The
AAEAOI O AEOAI Ax1T OE 0O$4/ AA
&OAT AxT OE6 xEI 1 AAdied eds a
new framework is created. Create a new framework to
assign metric thresholds to evaluation criteria such as
Y,Z

Choosing&Defining
Framework

Framework
buttons

On the list of frameworks, the buttons shown below
i EOI AAAET ¢ch AAAAOOA AU 1
really where you view and edit metric thresholds, and
OAAEOO6 AOOOIT EO 111U

description of the framework. Coider changing t
06 E A x QO wWAEOO6H 02AT Al A
AOAT AxT OEOh AT A &£ O OEA
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ID Feature Subject Comments
Should be able to see the units of threshold in the pop
Choosing&Defining box, thoughl guess this is not a problem since the
8 Thresholds . " .
Framework measuring unit is the same of the correspondent metri
for which you set the threshold.
It would be good to have an overview of which metric
Choosing&Defining thresholds have beenhanged from the default, and
9 Thresholds ; . . .
Framework which ones the user is able to set, instead of scrolling
OEOI OCE Ail OEA OOPAAOA
Choosing&Defining An overview of all the thresholds one can edit for each
10 Thresholds .
Framework Stage might bevery useful
The objective of these thresholds should be stated
somewhere: from VC3 it seems they are connected wi
Choosing&Defining OEA OEOAOEIT T A OOAAAOGO OA
11 Thresholds - . : -
Framework something like a visuakpresentation of the activities
for Stages 12, 23, 34, 45 that had met or not the
threshold set.
)y £ Ui O OPAAOA OEA 1AO
automatically become the scoring criteria?
o Weighting (%): 2
o Scoring criteria:
o Metric:
Choosina&Definin = Name: Average maintenance duration
12 Fran?ework g Thresholds = Evaluation area: Maintainability
= Unit: hours per K\W per year
Relating to "It is easy to create and delete a study": It
Choosing&Defining may be nice to allow for copying/pasting Frameworks.
13 Thresholds . .
Framework Thus it would be easy to have multiple values for
thresholds
Same as comment no. Relating b "It is easy to edit,
save and export a Study": The Edit button in the
. - Frameworks creation section only allows to edit the
Choosing&Defining Framework .
14 Framework buttons Stage Gate Framework name, and not its content as |
would expect. The View button is used to view/edit the
Frameworks, but | was ercting it to only allow for
viewing threshold values.
While defining a Framework, it could be interesting to
highlight/guide applicants to the remaining thresholds t
Choosing&Defining define (settlng thresh.old.s requires to openegy single
15 Thresholds pulldown section, which is not really convenient), or at
Framework . ) .
least ensure it has been seen by the applicant. It is hal
while opening and closing all the pulldown sections, to
know where a threshold will need to be defined, which
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ID

Feature

Subject

Comments

the main (andmaybe only) interest in the Framework
definition section.

16

Choosing&Defining
Framework

Thresholds

Manipulating a slider could be better than the blttons
for thershold setting, adding 1 unit per click. Adapting
steps to the expectedialues/range of values could

good (1000 unit steps when the input magnitude
expected to be around 50000 for example

o Metric:
= Name: Annual average delivered energy
= Evaluation area: Power Conversion
= Unit: KWh

Result

25002

17

Activity Checklist

4EA 1T AOOEA OAOOI OO OEAO

considered as results (PASS or FAIL) but should be

considered as an empty field instead of assuming the
OAl OA Ood8

0 e [ FAlL 0 100

18

Activity Checklist

Not that clear on the GUI how a one would select cleal
the appropriate stage gate. Would be useful to have a
map and description so the developer knows how thei
project relates or equivalated to the DTOcean+ stage
gatesz there would be clear where tgsnd the effort

and which steps or stages do not need to even be fille
or looked at as they may not be relevant to the stage d
the real project and technology readiness.

19

Activity Checklist

When it is about ticking Activities completed filting

the fields for the Stage Gate Assessment : it may be
OOAEOI O1 AiipPAl OEA OOA
box so that every pulldown section is seen by the user
is easy to make mistakes and not even notice it when
looking at the results

20

Activity Checklist

When Performing the Activity Checklist, it may be
interesting to allow the user to directly go to the Stage
EA xAlT OO6h ET OOAAA T £ OAN
multiple times, when editing an existing study which is
only partiallyfilled (maybe this would remove the spirit
of the exercise, as it emphasizes on subsequently fillin
the Stage pages ?).
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ID

21

Feature

Activity Checklist

Subject

Comments

Same as comment 21t could be useful to reming the
user the correspondance between stages and TRL, wi
1 ETE OI AARAZET EOEI T Oh AOA

22

Activity Checklist

Relative to "The accuracy of results corresponds to the
user expectation for the stage of technology maturigy’
filled all the Activity Checklist sections, and | expected
more specific response to thigiestion to be given by
OEA O £OxAOARh E8A8 xEAI
A6o6o6I T h ET AAAEOGEIT O1 O
some kind of recommendations for maybe one or two
stage gates the technology is eligible to be assessed
against.

| wauld expect the results for this use case to appear in
the Activity Checklist Results section of the report. Eve
if the Assessed Stage and Assessed Stage Gate conc
are explained in the following extract from the generat¢
report, | could not find any ention anywhere else in the
document. Thus, the report synthetizes interesting
results to the user, but there is no particular guidance {
the next steps

23

Activity Checklist

Because the checlists were so comprehensive, | beliey
that it isunlikely that every suksection would be 100%
complete by the time we need to move on to the next
30AcA8s 31 110 AGAAOI U A
compliance before moving on. Some items in Stage 0
may still be incomplete / unaddressed when the device
in commercial service!

24

Activity Checklist

In many instances the same assessment was required
Stage 0, Stage 1, etc etc so maybe (say) an LCOE mag
is developed once at Stage 0. It will be reviewed and
refined at subsequent Stages but viel O1 A1 8 O
AO 30ACA Q ,#/ % O 1160
relevant at every Stage.

25

Applicant Mode

Word limit

For the qualitative responses, there is no word limit to
the answer boxes, and the user is not able to input
images, so there can be a huge variety of types of
responses submitte@d maybe this will be difficult for the
evaluator to judge.

26

Applicant Mode

Too much
information
required

It seems to me a lot of input is required, even for a very
early stage technology.

when it comes to LCOE questions about subsystems
would this be answered for the whole wave energy
converter?

27

Applicant Mode

Clarity of stage

7EAT AAAAOOEIT ¢ OEA O! pbl
performing a study, it is not highlighted which is the lag
stage you were working on. (e.g. here | had put data o
Stage Gate 31).

28

Applicant Mode

Metrics

Cost ofinstallation' metric seems vague. Depending on
the type of technology being assessed (array / single
device), would be good to be able to change the units
from kWh to MWh, sometimes one could forget about
the conversion in the calculations.
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ID
29

Feature

ApplicantMode

Subject

Metrics

Comments

There are no units for Global negative& positive EIA.

30

Applicant Mode

Unclear
instructions

Not clear what to input to the toat a description? An
number? How does describing AEP or availability turn
into a score? Are you meant to put the score directly in
the box? Very unclear.

31

Applicant Mode

Completing
questions

When completing the Stag&ate questions: A
progression bar, with live update, representing the
completion of each subsection (e.g. Stage Gat2 1
subsection in the Stage Gate Assessment) could be gr
to better inform the user how much information he
entered and how much is stittquired

32

Applicant Mode

Clarity of stage

Related to: "It provides the user with enough help,
indications and/or guidance throughout each procesh"
was not really clear what the steps were to follow for th
| Pl EAAT 08 ) ATlA&ivith ChedRlistirid
Stage Gate studies were needed to get results for my
particular use case, in what order, etc... It would
interesting to have more guidance on the process,
depending on the user use case, gwhaybe- the
technology TRL.

33

Applicart Mode

Viewing results

Related to "Visualisation of results is clear and
informative™: - It may be useful to highlight that a
detailed results view can be accessed through clicking
« Stage i ».

34

Assessor Mode

Assessor
comments

At the AssessoMode, when there is no room for
assessor comments, that should not appear (as shown
the image below):

Metrics - Performance

In this section, Applicants will provide key metric results for the 'Power Capture’ an
these values as well as outlining the justification for the decisions that were made

Performance considerations

o Description: Please provide considerations of how your device/technology
o Weighting: 12

o Response: The applicant's response is printed here, to be assessed again

Assessor comments

Assessor score

35

Assessor Mode

Scoring criteria

Where does it explain the scoring criteria? Could also
shown in the GUI to remind assessor how the scoring
works.

36

Assessor Mode

Assessor
comments

Not able to input assessor comments
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ID Feature Subject Comments
The StudyComparison is not very intuitive because the
. Study comparison EAEAT A Q .A i1T60 1TTE DPI OOEA
37 | Compare Studies are showed in light grey), then the results seem to be
error . S
empty (because first we need to click in one of the
options available):
The study comparison should be possible to save in th
. . tool./ Only by selecting the studies from the SG study |
38 | Compare Studies | Study comparison is clear that the studies will be added to the Comparisq
list to be compared.
Change from a DTO+ deliverable to a DTO+ "branded
report
Change the title to the name of the SG report
Remove EU flag from every page
Overall style of Removecontact's name from end of document .
39 | Stage Gate Report Change tense to past tense/ or make more generic (I.€
report " i
remove "Shall")
Put in the Introduction which sections are included in t
report
Take away colour as it may be printed by users in Blag
and White
#EAT CA “OAODPIT 1T OA" O OAPDP
Make clear who is| Makeclear who wrote each section: Standard report te
40 | Stage Gate Report| contributed to could be greyed out or could have 3 colours: Dark blug
each section medium blue, light blue for 'Standard text', ‘applicant
input’, ‘assessor input'.
We want the report tdoe understandable by anyoneve
41 | Stage Gate Report| Extra information | will explain all terms and technical language in
footnotes/ Appendix
It needs to be clear what is an upper threshold and wh
42 | Stage Gate Report Thresholds is a lower threshold
A few inconsistencies in units
Graphs need to be more concise; take away chart title
43 | Stage Gate Report Graphs $11760 1TAAA AT OE EIT 001 Al
Merge average and weighted average onto one chart
Right align numbers in tables
inconsistentuse/spacing of hyphens
Inconsistent CapEx/CAPEX
44 | Stage Gate Report Format Change lists to tables
Number headings
If there are 3 levels of bullet points, change the top lev
to a level 3 heading e.g. Do this on page 4
Page 5:typoc EOE Of AET OAT AT AA 1
Installability
, 7% -AA T EECE Al AO1 &80
LCOE change to cost model
Specific content O&M plan pot developed before O&M model?
45 | Stage Gate Report comments Study details could be a table (page 2)
"Outstanding activities (page 4): Maybe not a table.
Particularly if different responses will have different
numbers of outstanding activities.
If as many things are outstanding as shown here, | dor
think a table will help you. "
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ID

Feature

Subject

Comments

Could work well. It would be the same every time, so I'
imagine it'd be easgir to format how you'd like to see it.
My main comment would be that the developers
response blends into the question info. I'd change this
around a bit regardless of it becoming a table or stayin
like this (see example on Q1)

How will we manage the TRRC&n we check if it's
Technology Risk Register or Technical Risk Register?
List the causes in the Improvement areas and then the
areas they refer to

46

Stage Gate Report

Wording

the report provides a very good overview of the Stage
Gate Study performed. There are some sentences whi
are not very clear to me, for example:

The Assessed Stage is the one after the latest consecutive stage to have reached 100%
completion of activities. For example, if Stage 0 and Stage 1 have both reached 100%
completion, then the Assessed Stage for the report would be Stage 2. The Assessed Stage Gate
is identified as the Stage Gate immediately preceding the Assessed Stage. In the previously
mentioned example, the Assessed Stage Gate would be Stage Gate 1 -2,

If Stage 0 has not yet been fully completed, then there will be no applicable Stage Gate with
which to perform the Applicant or Assessor Mode analysis. Similarly, if the user has completed
100% of activities in every stage, up to and including Stage 5, then no Stage Gate analysis will
be available.

47

Stage Gate Report

General

From the 1st one it seems that the user cannot chooseg
the Stage for whicthe wants to download the report,
but in fact he can.

48

Stage Gate Report

Report generation

"AZEI OA CAT AOAOGET ¢ A OADPI
meant « the Stage to use in the analysis ». More
guidance on what the analysis will do and what it
changes to select a Stage (even if we better understan
once we read the report) would be great.

49

Improvement areas

Improvement
areas suggestion

It would be more usefriendly to have between brackets
the subcategories, for each area, which lack of
information.

50

General comments

Error in text

In Framework Stage Gate@h OEAOA EO (

txt:

Innovation

Innovation

none

o Description: Please prc
- evidencs that a techno
- a credible narrative as

o the improved scientific

51

General comments

Missing text

In Framework SG-2, missing scoring criteria:

Engineering description of technology

= Description: Provide an engineering description of your novel device

= Weighting (%): 3

= Scoring criteria:
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ID Feature Subject Comments
52 | General comments Tool crashing | The tool breaksfter some actions: Creating a new Stag
Gate Study; Submitting the activity checklist inputs.
Refreshing a study] When one saves (and closes) a SG study, when it is
53 | General comments reopened the user should have the possibility to start
from the latest stage he completed_.

Clicking nextstageg 7 EAT UT & Al EAE O1 A@O 3 0A
more useffriendly to pop up to the top of the next page
to enter the first input, instead of scrolling back up to th
top of the page

54 | General comments
E Next Stage >

Clicking nextstage / 1 AA OEA AEAAEI EOO xAO A
pressed, it took quite long tgenerate the output, then it
AT AOT 60 AOOT i AOGHhskeAd | had to@d
AAAE O1F DACA j OET x1 AAT I

55 | General comments Description: CH V52
Framework: Test (CH1)
« Activity Checklist
. SIage?eAssessmem
Error in text While viewing the results, the appearance of the
description of somenetrics is strange:
56 | General comments
57 | General comments|  1°°! crashing 0) *xAOT 80 AAI A 01 CcAO OE
sometimes, not all the time
Toolcrashing |) DOAOOAA OOOAI EOC6 AAAI O
responses.
58 | General comments | OAAITA OEIA OEA OAODII
AOAT AEOAO POAOGOEI ¢ OO0AOD
Toolcrashing |7 EAT Al EAEET C 11 O30AbuEtO
shows a blank page, a refresh of
59 | General comments the window is required to continue. After refreshing, wg
can see that the action is
completed
60 | General comments Style Improw_ng the des_lgn_ qf the website to be more
professional and intuitive.
When you make a new entry from the start screen you
get taken to a dead end (see below
61 | Generalcomments Tool crashing figure) anqlls npt clear what to do next to get into the
actual verification tool. You have to
Al EAE Ol 1 ¢C 1 0006 écteenguhichisA
not so intuitive.
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ID

Feature Subject

Comments

- a m [ I ]

62

General comments|  Clarity of GUI

Not enough guidance notes on the GUI or visual clues
what to dogz the trining slides

have been good and made things more clear but the G
currently does not have the same

clarity of direction or give the user a good overview of
what to do, how data is treated, what

data is required

63

General comments n/a

Industrial partner unable to share data:Therefore a
reviewer will have nothing to review, or the
information will be so high level that a proper
assessment of the technology cannot be

made (which one can do with the full CPO business pl
and technology road map as an

examplez which is shareavith NDA to potential
partners and customers including project

developers)

64

General comments|  Tool crashing

| think | completed the process without errors, but the
whole process was not really clear. It may have been &
choice from thedevelopers of the tool, but to my
opinion, in general, the user has to much freedom in th
actions he can do (i.e. not enough guidance on what h
should be doing for his particular use case, even if D4,
a really important source of information, but not

everyone will read every tool related documentations).

65

General comments|  Clarity of GUI

Related to: "The training sessions and documentation
are useful for learning how to use the software": As
mentioned during the 1st training session on SG Tool,
what is a big complexity for new users is that it is not
clear what is the concept behind each word such as
&OAT Ax1T OEh | AOGEOEOU #AO0A
especially Section 2 and 3, was really interesting to
quickly get into the SG Tool. Maybe selectextracts
from this report copied to relevant sections would

significantly save time to the users.
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ID

66

Feature

General comments

Subject

Tool crashing

Comments

Related to "The user interface is simple, easy to navigs
and weltorganised™ Whenever clicking on

03 OA 1 E Qe ffolloyingEnAm window, and could
not refresh the page, which would lead to a blank page
am using Chrome) :

67

General comments

Style

I O#1 1 OA Ai16 AOOOII
could be useful

Ol

68

General comments

Toolcrashing

The leftward arrow (previous page) button on Chrome
leads to blank pages, e.g. when clicking on Perform, in
Stage Gate study (maybe not of particular interest, if th
software is not intended to be used on a navigator), th¢
O'1 " AAEGS skravoiddble AOEIT A

69

General comments

Error in text

Sameascommentd, 311 A OAAQEI 1O
term in the Activity Checklist and Stage Gate

I OOAOOI AT O PACAOh AO
$AOAEI d 6

x Al

70

General comments

Clarity of GUI

Same ascomment 164, &1 O OEA OOAO
time to read D4.2, it could be interesting to explain whg
the Framework is (i.e. the place where the user define
threshold is to be used and, its value), which took me
some time to understand (why to have thinany
pulldown sections for this few thresholds ?). This point
well explained in Section 2.3 from D4.2.C36

71

General comments

Clarity of GUI

It could be interesting to add that Activity Category ang
Evaluation Area are two visions of the exaame lists of
items.

72

General comments

Clarity of the GUI

The stage gate assessment should be proposed by thg
tool e.g. If stage activities for stages 0 and 1 have bee
completed, the tool should inform the user that stage
gate 12 should becompleted

73

General comments

n/a

Even if results were not directly ready to exploit in the
way | expected for this use case, the checklist is a real
interesting tool to have, and data generated, and
synthesized in the report would be realiluable for
technology developers, especially in guiding young
companies.

74

General comments

n/a

Referring to "Q 2.8 The user can add further informatig
to the Study through the interface”Comment is "I
wasn't aware that | could add further infat looked like
pre-configured Scorecard or Checklist to me"

75

General comments

n/a

Definitely usetil for Funders etc. For Developers
(especially earhstage) it provides a good chedist of
areas to be worked on, and perhaps a framework to
aspire to.
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ID

76

Feature

General comments

Subject

n/a

Comments

Many earlystage developers are focussed on the
OET OAT OEIT 1 8 prAve the ddriedpt, WitholtA
maybe a good businesglan to drive through to

AT 11 AOAEAT OOAAAOO8 4EEO
towards this.

77

General comments

n/a

The tool felt like an assessment exercise for others to
review or compare ouresults.
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