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(SPEY), and jiresents the result of the work developed during the tasks T6.2 and T6.3 of the project.

This documenserves ashe technical manual of the alpha version of the SPEY module, including all
the data requirements, main functions, interfaces and all the menit technical details.

This document summarises both the functionalities as well as the more technical aspects of the code
implemented for the alpha version of this module. The System Performance and Energy Yield tools
will provide the user with a set oélevant metrics and assessments pertinent to the performance of
the ocean energy system in terms of energy production, power quality, and efficiency. Moreover, a
set of alternative metrics (dimensional parameters) have been included, representing the
performances of the systems against a set of technical parameters, the rated power, wetted surface
and mass of the prime mover, and the cable lengths

The Business Logic of the code, i.e. the actual functions of the SPEY module, has been implemented
in Python 3. Moreover, the code is provided with an Application Programming Interface (API),
developed in OpenAPI, in order to interact and communicate with the other modules of the
DTOceanPlus platform: A Graphical User Interface (GUI) will be developed, cotigistéth the

other modules, in Vue.js, allowing the user to interact easily with the SPEY tool, inputting data and
visualising results.

The Business Logic of the code has been fully verified (100%) through the implementation of unit
tests, guaranteeing easmaintainability for future developments of the tool. A sectionesfamples
completes the present document, showing the capabilities of the tool.
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(SPEY), and it presents the result of the work developednduthie tasks T6.2 and T6.3 of the project.
This documenserves ashe technical manual of the alpha version of the SPEY module, including all
the data requirements, main functions, interfaces and all the pertinent technical details. The alpha
version of his tool is a fully functional version of the tool in terms of implementation of the
calculations covered by the SPEY module (Business Lagosyever, it has limited functionality in
terms of Application Programming Interface (ARd)ncethe other modules that SPEY interacts with

are still under development The alpha versioras limited functionality in terms of Graphic User
Interface (GUI).

This document summarises:

1) The use cases and the functionalities of the System Performance and Energy Yield tools,
namely providing the user with a set of relevant metrics and assessments pertinent to the
performance of the ocean energy system in terms of energy production, power quality and
efficiency. Moreover, a set of alternative metrics (dimensional parametees)ehbeen
assessed, representing the performances of the systems against a set of technical
parameters, as the lease area, the rated power, wetted surface and mass of the prime mover,
and the cable lengths (Sectid).

2) The actual implementation of the tool, describing the architecture of the tool, the
technologies adopted for the implementation and the results of the testing (Sec3joThe
alpha version of the SPEY module, released with this deliverable and available in a Gitlab
Repository, includes: i) a Business Logic of the alpha version of tedéhe actual functions
of the SPEY module, implemented in Python 3; b) the API developed in OpenAPlI, in order to
interact and communicate with the other modules of the DTOceanPlus platform. c) It
recollects moreover the design of the Graphical Useerfiace (GUI) that will be developed,
consistently with the other modules, in Vue.js, allowing the user to interact easily with the
SPEY tool, inputting data and visualising results.

3) The Business Logic of the code has been fully verified (100%) througmghementation of
unit tests, guaranteeing easy maintainability for future developments of the tool.

4) A set of extensive examples, to provide the reader with an overall view of the capabilities of
the tools (Sectiord).

1.2 SUMMARY OF THE DTOCEANPLUS PROJECT

$4
41

The SPEYtools belong to thesuitel £ OT 11 O O0$4/ AAAT 01 OGundedphajedt] T DAA

DTOceanPlu$l].
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DTOceanPlus will accelerate the commercialisation of the Ocean Energy sector by developing and
demonstrating an open source suite of design tools for the selection, development, deployment and
assessment of ocean energy systems (includingsygiems, enegy capture devices and arrays).

At a high level, the suite of tools developed in DTOceanPlus will include:

} Structured Innovation Tool (SI) for concept creation, selection, and design.
} Stage Gate Tool (SG)using metrics to measure, assess and guide netbgy development.
} Deployment Tools, supporting optimal device and array deployment:

Site Characterisation (S@omprisingmetocean, geotechnical, and environmental conditions;
Energy Capture (ECper device andt an array level;

EnergyTransformation (ET.)PTO and control;

Energy Delivery (EDglectrical and grid issues;

Station Keeping (SK)moorings and foundations;

Logistics and Marine Operations (LMO)installation, operation, maintenance, and
decommissioning.

> > > > > >

} Assessment Toolsto quantify key parameters:
A System Performance and Energy Yield (SPEY);
A System Lifetime Costs (SLC);
A System Reliability, Availability, Maintainability, Survivability (RAMS);
A Environmental and Social Acceptance (ESA).

These will be supported by underlying common digital models and a global database, as shown
graphically inFigurel.1.

STAGE-GATE TOOL
Development

FIGUREL.1: REPRESENTATION OPTOCEANPLUS TOOLS

DTOceanPlu®eliverable Grant Agreement N&a85921 Pagel0]|52
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The System Performance and Energy Yield (SPEY) module will:

} Compute several dimensionless (efficiency) and dimensional (alternative mepagmeters,
given the technical design of the ocean energy plant and the power production of the different
subsystems, at different level of aggregation (array and device level) and facilitate the visualisation
of these outputs to the user.

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

} Show results in terms of Power quality (Reactive vs Active power to the grid and as outputs per
device) obtained by technical modules.

In DeliverableD6.1[2], among the objectives of SPEY there was the benchmark with reference data.
Following further discussions during the development, the Stage Gate Tool will perform such a
benchmark against user supplied thresholds, or a catalogue of target values-(sftate-art/ art-of-
the-possible etc) as provided by the Structured Innovation tool.

2.1 THE USE CASES

The Generic User Case can be generally summarised as shéiguie2.1.

A

Generip User

’

_________________ »liSile Eharacierission SYSTEM PERFORMANCE AND ENERGY
\ YIELD
Generic User i 1 3 oy Efficiency Generic User
R » Energy Capture f
— L, Alternative Metrics

i --» Stage Gate Tools
Ve Energy f ) A
i 2 Transformation

> Energy Production {_,|Structured Innovation
Tools

A
Y

R » Energy Delivery (

N L  Power Quality
Logistics and Marine
Operations

FIGURE2.1: GENERIC USE CASBR USING THE'SSTEM PERFORMANCE ANENERGY YIELD@OLS
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The User can:

1) Run SPEY within the framework of ti&tage Gate (SG) or Structured Innovation (SI) Design
tools.

2) Run SPEY after running the set of Deployment Design tools of DTOceanPlus.

3) Use in standalone mode.

By considering the three Use cases above mentioneahle 2.1 summarises the dependencies of
SPEY from/to other modules in DTOceanPlus.

TABLE2.1: DEPENDENCIES OF §% FROM/TO OTHER MQI.ES IN DTOCEANPLUS
Modules that provide services that Modules that are consuming

SPEY consumes services fromSPEY
Site CharacterisationSQ, Structured Innovation $),
Energy CaptureEQ, Stage Gate$Q

Energy TransformationET),
Energy DeliveryED),
Logistics & Marine Operation$ K10)

2.1.1USE CASE WITHIN THE FRAMEWORK OF SG/SI DESIGN TOOLS

In this case, the SPEY tool will be run within the framework of the Stage Gate or Structured Innovation
Design tools, as seen Fgure2.2. The following steps are identified for this use case:

1) The user runs the framewor the SI/SG Tools

2) The SI/SG will require eventually some assessments from the SPEY module

3) The SPEY Module will check if the needefibrmation is available and in case it is not, it will
request the user to input the information from the relevant Deployment Design Tools

4) The User will complement the information and run the Deployment Design Tools

5) SPEY will be run and perform the asse®nts

6) SPEY will provide the assessments to SI/SG Tools to complete their framework

7) The outcome will be shown to the User.

Tequire: —requiresF
SYSTEM PERFORMANCE AND ENERGY
YIELD

retums—————— “<retum: Ereturms—

uns———»

SI/SG TOOLS DEPLOYMENT DESIGN TOOLS

Generic User

provide information

Generic User

FIGURE2.2: USE CASE FOR USINGHE SYSTEM PERFORNNCE AND ENERGY YIELDOOLSWITHIN
THE FRAMEWORK OF S&I/DESIGN TOOLS.
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2.1.2USE CASE AFTER DEPLOYMENT DESIGN TOOLS

In this case, the User will run one or more Deployment Design Tools and then he/she will run the SPEY
module to carry out the assessments in terms of performanceeretgy yield. The numerical results
as well as the graphs/diagrams will be exposed to the user.

YIELD

i _________________ Sl dharsdesation SYSTEM PERFORMANCE AND ENERGY

AT ff’ Efficiency

Generic User
Pesuaus »  Energy Capture

i

- —» Alternative Mefrics
______ > Energy _<J %

Transformation

Generic User

Energy Production

™
AL
v

eee-- »  Energy Delivery

\ > Power Quality

Logistics and Marine
Operations

FIGURE2.3: USE CASE FOR USINTHE SYSTEM PERFORNWCE AND ENERGY YIELDOOLS AFTER
RUNNING THE DEPLOYMYT DESGN TOOLS.

2.1.3STANDALONE MODE

In this Case, the User wants only to run the SPEY module, to get some assessments in terms of
performances and energy yield. The user, in this case, will provide all the required inputs and he/she
will be exposed to the overaksults of the assessment.

A

Generic User

SYSTEM PERFORMANCE AND ENERGY
YIELD

Efficiency

Alternative Metrics i
— 5

Energy Production Generic User

Power Quality

FIGURE2.4: USE CASE FOR USINGHE SYSTEM PERFORNWCE AND ENERGY YIELDOOLS
STANDALONE.
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2.2 THE FUNCTIONALITIES

The SPEY Module produces assessments in four big areas:

1) Efficiency: a set of dimensionless parameters expressing how well the overall system, as well
as the different systems, perform with respect to the available resource and the other
subsystems, botlat array and at device level of aggregation (see Seci@nl);

2) Alternative metrics: a set of dimensional parameters expressing how well the overall system,
as wellas the different suksubsystems, perform with respect to the other parameters, as for
examplethe lease areahe wetted surface of the prime mover, the mass, the rated power of
the device, the characteristic length, and the length of the cabling, bo#rety and at device
level of aggregation (see Secti@2.2);

3) Energy Productionestimates the gross and net energy production, during the lifetime, as
well as the gerage annual and monthly production due to the downtime of the system (see
Section2.2.3.

4) Power Quality: an estimate of the active power production with respecttite reactive one
can be estimated for different subsystems and levels of aggregation (see S&ctiah.

The level of complexity of the project and for which thesassments can be carried out has also been
accounted for. Indeed, during the implementation (see Sectnthis has been considered at three
different levels of complexity. Even if at the moment of writing, the three levels of complexity
estimate exactly the same assessments, for future use fodiner tools (Stage Gate Design tools and

3000A000AA H(Y»T11 OAGETT $AOGECT Oi1i1106q OEA AT AA EA

include differences among the levels of complexity or even add more levels.

In the input tablesTable2.2, Table2.3, Table2.4, Table25dh ET pOOO xEOE Al 0Oc 6
required to carry out the analysis. The other inputs are optional, i.e. the code will nok bvbie
running, but instead the user will be informed that a null value is provided, and the outputs set to
None.

2.2.1EFFICIENCY

2.2.1. DBJECTIVES

The assessments in terms of Efficiency that the SPEY module can compute aim at providing to the
user with a set oflimensionless quantifiable parameters that show how

} the overall designed system performs with respect the available resource
} each subsystem (energy capture, transformation, delivery) performs, at array and device level,
with respect to the available resoce and with respect other subsystems

It is important to notice that differences in efficiency per devices are expected due to the
hydrodynamic interactions among devices themselves. In the Efficiency assessments no operations
or downtime are included irhie computations, supposing that the subsystems are working during all

DTOceanPlu®eliverable Grant Agreement N&a85921 Pagel4|52
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the time. This approach was chosen to point out the efficiency of the technology, without any bias
due to downtime or reliability.

2.2.1.2NPUTS, MODELS AND OUTPUTS

Inputs
The inputs needed for carrying out the assessment of the efficiency arabite2.2.

TABLE2.2: INPUTS FORHE EVALUATIONOF THE EFFICIENCY

Brief Description of the Input Quantity Origin of Data Model Units
the Data’ in SPEY
*CL Level of complexity User/SG Number, -
integer
*AEF | Average Annual Energy Flux Resource availabl SC Number, kw/(m) WAVE
the site Float kWh/(nm?) TIDAL
*TT | Technology Type, Tidal or Wave Energy Devic|{ Catalogues | String O7AOAS
O4EAAITI &
*CD | Characteristic dimension of the Ocean Ener| Catalogues | Number, m
Absorber: in case of Tidal energy device, the ro float
diameter has been considered
*ND | Number of devices EC Number, -
Integer
*RP Rated Power of the Device Catalogues | Number, kw
Float
ACE | Annual Captured Energy: the total amount ( EC Number, kwh
energy captured in one year Float
DACE| Annual Captured Energy pedevice: the total| EC List of | kWh
amount of energy captured in one year per devi Numbers,
Float
ATE | Annual Transformed Energy: the total amount { ET Number, kWh
energy transformed in one year Float
DATE | Annual Transformed Energy per device: the to]l ET List of | kWh
amount of energy transformed in one year p| Numbers,
device Float
ADE | Annual Delivered Energy: the total amount ( ED Number, kwh
energy delivered in one year. Float

1The module name is indicated in the Use case 1 (within the SG/SI Design Tools framework) or in Use Case 2
(after running the Deployment Design Tools)

DTOceanPlu®eliverable Grant Agreement N&a85921 Pagel5|52
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Models and outputs
The assessments that the efficiency class in SB&Ycompute are the following:

1) @ AOAA &1 66 4EA OAOET AAOxAAT OEA AAPAAEOU |
resource. In order to keep the metrics dimensionless, Eq .1 refers to wave energy converters
and Eq. 2 to Tidal energy Converter

If TTis Wave YOO 0RO o—— EQ.1

If TT is Tidal YOO 006 (;a—r EQ.2
2) 0 OOAU #APOOOAAGS AvEHEAREARBOOOARA ANAEFEAEAT AU A
between Annual Array Captured Energy and Rated Power of the Array and the ratio between
Annual Device Captured Energy and Rated Power of the DeVids.could be expressed as:

A a o n s oiac s 000 EQ.3

# A D O O@EHMEL A BOAAY—A- ©
DOEYWroopagT

A m s o e o A e s 00 H 0. . EQ.4

#ADO%@E&EEAEAIAU,—,A—&G—EAA Q
YO2oQuQ T

3) Absolute Array and Device Transformation Efficiency, defined respectively as the ratio
between Annual ArrayTransformed Energy and Rated Power of the Array and the ratio
between Annual Device Transformed Energy and Rated Power of the Device

I AOT 1 OOA 4 AEOAEAT AR A EQ.5
0 "YO
0 Z'YDZOo Qg T
N e s m oA e - 00 YO, . EQ.6
I AOT 1 OOA 4 avAKESE KE DI AWA Q

4) Relative Array and Device Transformation Efficiency, defined respectively as the ratio
between Annual Array Transformed Energy and Annual Array Captured Energyhamatio
between Annual Device Transformed Energy and Annual Device Captured Energy

AL e i o 2 QYO L EQ.7
2A1 AOEOA 40AEBDME A A?&%\F,OAOO Q
e~ a e e . . 200 YQ . EQ.8
I AOT 1 OOA 4 aAEBKEAI AumA%O[ Q

5) Absolute Array Delivery Efficiency, defined as the ratio between Annual Abalwered
Energyand Rated Power of the Array

o N N 000, . EQ.9
0AO0T 1 OOA HSAEIFEAEARAY—AOCOAU— Q
DOEYUVEoQag T

DTOceanPlu®eliverable Grant Agreement N&a85921 Pagel6|52




D6.2 DTOcean+

Performance and Energy Yield Toglalpha version

6) Relative Aray Delivery Efficiency, defined respectively as the ratio between Annual Array
Delivered Energy and Annual Array Transformed Energy

N NP o 1 © X PR EQ.10
2A1 AGEOA W@@CHEE\(E,G&(D%/UOTY,OAOOA Q

2.2.1.3MPACT

The Efficiencyassessments can be used to:

} Identify if the machine is well dimensioned for the available resource in the site (Rated Flux)

} Identify which stages of the transformation of energy are less efficient and may requirdesign
of the subsystem (relative effiencies)

} Identify how each subsystem relate to the available resource (absolute efficiencies).

2.2.2ENERGY PRODUCTION
2.2.2.0BJECTIVES

The Energy Production assessments of the SPEY module aim at:

} Assess the gross energy that could be produced by the plant, for @evbe and at array level of
aggregation, during the whole lifetime, for each year of life of the plant, and accounting for the
monthly distribution of the resource

} Estimating the losses of energy due to downtime of the plant for each device amdagt level of
aggregation, during the whole lifetime, for each year of life of the plant, and accounting for the
monthly distribution of the resource, as well as the downtime hours for each month for each
device

} Assess the actual net energy delivered bare for each month, for each device and at array level
of aggregation, during the whole lifetime, for each year of life of the plant, and accounting for the
monthly distribution of the resource, as well as the downtime hours for each month for each
device

} Assess the ratio between the net energy delivered onshore and the gross energy for each device
and at array level of aggregation, during the whole lifetime, for each year of life of the plant, and
accounting for the monthly distribution of the resource

} Assess the ratio between the net energy delivered onshore and the gross energy for each device
and at array level of aggregation, during the whole lifetime, for each year of life of the plant, and
accounting for the monthly distribution of the resource.
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2.2.2.2NPUTS, MODELS AND OUTPUTS

Inputs
The inputs needed for carrying out the assessment in terms of Energy Production&able®.3.

TABLE2.3: INPUTS FOR'HE EVALUATION OF THENERGY PRODUCTION
Brief Description of the Input Quantity | Origin of

the Data’

*CL Level of complexity User/SG Number, integer -
*MRH | Monthly Resource Histogram is th SC Dictionary, whose keys ar{ -

Monthly probability of occurrence of th¢ "bins" (the centroid of the bin

resource (Hs for Wave Energy, Vc f{ and "January", "February'

Tidal Energy) "March",  "April",  "May",

"June”, "July "August",

"September", "October",

"November", "December"]

The value for each key is a li
with the same length of bins

*PDH | Power Deliver Histogram, It is th| ED The bins must be the same g kW
histogram of the power delivery pe monthly_resoure_histogram,
device. and the value for power is a li
with same length of bins
*ND Number of devices EC Number, Integer -
*PL Project Life User Number, Integer -
MDHD | Monthly Downtime Hours per Device LMO Dictionary of Pandas Tableg hours

The keys are thelevice ids;
the pandas tables have set &
index the year of the projec
life (form from 1 to project life
and the columns are names &
the month (first capital letter)

Methodsand Outputs

The Energy Production functions can compute the gross epdhgit can be delivered onshore, the
lost energy due to downtime and the net energy estimated to be delivered. It is important to notice
that the downtime hours are supposed to be distributed uniformly through the sea states.

1) Gross Energy: the general definition of Gross Energy is the oBgq.itl

'Ol €04 Qi "GOO 1 I'ALH BR £27°Q1 ©a EQ.11
0 &0 WA 0¢ W OEWAE 60 i

As a function of the level of aggregation and the reference period, the following
quantities can be calculated:
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-TTOET U " 01 6O %l Adcu PAO EQ.12
0 YOz 0 0'O¢g 1
z . 0 AAO T £ $AUO0 EIT
LT T OAT " O 00 %l AOQU OMA @ oHHh O EQ.13
, EEAOEI A ' 01 0O %l AOCU PAC EQ.14
0'Y®0 OOc Zo e F 0 O
Il OOAU -TTOEIT U 'Ol 60 %l AoOC EQ.15
0'Y®0 0O¢ 1

z2 664 0RDOERTM) £ £

I OOAU 111 OAI O DPRHDBOEE o v EQ.16
Il OOAU , EEAOEI A ' 01 00 %l AOC EQ.17
D'Y®0 0OOc o) ¥ 0 0
2) Lost Energy: the general definition of Lost Energy is the oreqgri8
N e i DEVEOO@IEI EQ.18
USIO(HQIQ@E@SQIZQ{E,,,..,‘, Q
O w0gE o1 |

As a function of the level of aggregation and the reference period, the following
quantities can be calculated:

DéEDbdE0E QINMOQAL Qo 'Q EQ.19
D¢ 6 DI ¢0& QI ITMMDQL DOQ
0 000
700 dnRIDOGERIMO £ £

z

O & & 600 Qi MO QL QOQ EQ.20
Dé&dbdE0E QINMOQAV Q0

0 QQQd VIO Qi fARDQL QO Q EQ.21
0 & & 00CEI0E Qi MMO QL QK

0l I 0&E@ @ ¢ 0@ QI Qw EQ.22
D¢ &¢DdE IO QIN@MOQAL QD
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61 1 &t 60GEN0a Qi "Qw EQ.23
0 & & 60CEA0@ QI MO QL QG

01 1 HOQQ® VI0A Qi "Qw EQ.24
0 "QQQ® 'VI0Q Qi TMOQL Q&

3) Net Energy: the general definition of Net Energy is the onEagn25.
0 Q& Qi QI ¢0d Qi "Awe i0& Qi "Qw EQ.25

As a function of the level of aggregation and the reference period, the following
quantities can be calculated:

D¢ &d@dQOE QITMOQL QOQ EQ.26
D& &ED M ¢08 QIfMDQL QOQ
DéEDbdEOE QIN@MOQAL QO Q

O & & O0CIOE QI MDAV QOH'Q EQ.27
O¢ & O DE QINMDQL QOQ
O & & 60EN0E QI MO QL Qo Q

0 QO QAR QI TWO'QL QOQ EQ.28
0 "QQQ0NE 0 QI TMOQV QO C
0 QQQ® Q0@ QI fWOQL Qo 'Q

Ol 1| O&HED @ QOE QI QW EQ.29
01 1 LOED I €04 QI Qw
O1cd ¢ EB d ¢ 0@ Qi QW

01 | O&E A0 E Qi QW EQ.30
01 | O&E Do Od Qi Qw
01 | W&¢ obagdiog Qi "Qw

Ol I HQQQDd QOO QI QW EQ.31
Ol I HQQQQ0NE QE QI "Qw
01 1 HQQQD V02 QI QW

4) Lost Energy Ratio: in general, it is the ratio between lost energy ansisgeaergy:

. L. DEOE QI Qw EQ.32
0 € i0@ Qiidad Rg——r— .,
i €04 QI Qw

As a function of the level of aggregation and the reference period, the following
quantities can be calculated:
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D¢ &M dE 08 Qi YADHRO QL QH'Q ) EQ.33
DEEDME IOE QIMTMODQL Qw'Q
D¢ e¢dM 0§ QMTMOQAL QO'Q

O & & 60EEA0& Qi YD O QL Qo 'Q EQ.34
0 & & 60cEAi0@ QI MO QL QOQ
0t ODEDOE QIAMOQL QOQ

0 "QQQ® Q0@ Qi YRDIRDO' QL "QDd'Q EQ.35
D "Q'QQd Q0@ QI fAMO'QL QH'Q
0 "QQQ0NE 0 QI TMOQV QO Q

0l | &ED d ¢ 0& Q1 QI "Qw EQ.36
0l | DO&HED ¢ 0@ Q1 Qw
Ol | O&HED I ¢ 04 Q1 Qw

01 | ©&E 60EN0OE Qi Q1 "Qw EQ.37
01 1 0&E 00aEaioa Qi "Qw
0l | M&E OGE 0d Q1 QW

01 1 HAQQQD VOA Qi TEHOQT QW EQ.38
00 W QQQ® i@ Qi "Qw
01 1 HOQQQONE VE Qi Qw

5) Net Energy Ratio: in general, it is the ratio between lost energy and gross energigdsee
39):

, e P QOE QI QW EQ.39
0 QO¢ Qii'thy R¢g—r—— .,
I €04 Q1 Qw

As a function of the level of aggregation and the reference period, the following
quantities can be calculated:
D€ E&ddQOE Qi YERDIRDOQU QOQ . EQ.40
D€ EBaQOE QiMMOQL QwQ
DéEDMD ¢08 QIfMOQAL QOQ

b & ¢ o0@0E Qi YADARO QL QO Q . EQ.41
0¢& ¢ O0IOE QINNMOOQL QuQ
bt & OCTEDOE QINAMMOQAL QOQ

0 "QQQE QOL Qi "YBD QRO 'Q UAQK EQ.42
0 QQQD QOO QI MO QL QwQ
0 "QQQE0NE Qi QI MO QAL QO'Q

01 | OHED @ 'QOE Qi xho Q¢ EQ.43
01 | O&HED @ Q0L Q1 Qw
Ol | O&HED DB ¢ 04 QI Qw
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01 | ®&E OABOE Qi "o Q¢ EQ.44
0l 1| d&ve OOKOE Q1 QW
0l | M&e O@E 0d Q1 "Qw

01 1 0QQQDd QOO QI Ao Q¢ EQ.45

01 1 0QQQDd VOO QI "Qw
0l 1 DQBFBNBFONEDE QI Qw

2.2.2.3MPACT

The outputs of the Energy Production assessment tool in SPEY will inform the user about:

} The capacity of the plant to deliver energy onshore in case of no downtime (gross energy)

} The estimated energy lost each month, each year and during the whole lifetime of the plant
accounting for downtime (net energy)

} The estimated energy delivered each month, each year and during the whole lifetime of the plant
accounting for downtime (net energy

} The impact of the lost energy due to downtime with respect to the potential energy to be delivered
(lost energy ratios)

} The effectiveness of the operations and the estimation of the net energy with respect to the
potential energy to be delivered (nenergy ratios).

2.2.3ALTERNATIVE METRICS

2.2.3.10BJECTIVES

The Alternative Metrics assessments of the SPEY module aim at;

} Provide the user with a certain number of dimensional parameters

} Assess the performances of the plant (both at array and at device level) wijlceto main design
characteristics of the planidase area extensiomated power, mass of the prime mover, wetted
surface of the prime mover, cable length).

2.2.3.2NPUTS, MODELS AND OUTPUTS

Inputs
The inputs needed for carrying out the assessment in teofim&lternative Metrics are iffable2.4.
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TABLEZ2.4: INPUTS FORTHE EVALUATION OF THELTERNATIVE METRICS

Brief Description of the Input Quantity Origin of | Data Units
the Data® | Model in
SPEY
*CL Level of complexity User/SG Number, | -
integer
*AEF | Average Annual Energy Flux Resource availabl¢ SC Number, | kWh/(m) WAVE
the site Float kWh/(n?) TIDAL
*TT Technology Type, Tidal or Wave Energy Device | Catalogues| String O07AOAS
O4EAAI &
*CD Characteristic dimension of the Ocean Ener| Catalogues| Number, | m
Absorber: in case of Tidal energy device, the ro float
diameter has been considered
*ND Number of devices EC Number, | -
Integer
*RP Rated Power of the Device Catalogues| Number, | kW
Float
*WS Wetted Surface of the Ocean Energy converter Catalogues| Number, | m?
float
*PMM | Prime Mover Mass Catalogues| Number, | kg
float
*ECL | Export Cable Length ED Number, | m
float
*|ACL | Total Length of the intraarray cable system ED Number, | m
float
*LA Lease Area excluding NGo Areas SC Number, | km?
float
ACE | Annual Captured Energy: the total amount of ener{ EC Number, | kWh
captured in one year Float
DACE | Annual Captured Energy per device: the tol EC List of | kWh
amount of energy captured in one year per device Numbers,
Float
ATE Annual Transformed Energy: the total amount ( ET Number, | kWh
energy transformed in one year Float
DATE | Annual Transformed Energy per device: the to| ET List of | kWh
amount of energy transformed in one year per devi Numbers,
Float
ADE | Annual Delivered Energy: the total amount of ener{ ED Number, | kWh
delivered in one year. Float

Methods andOutputs
The functions computing Alternative Metrics in the SPEY module can be grouped as a function of the
normalising factors. Therefore, they can be classified in five groups:

1) Wetted Area Parameters: the energy production at different stages of the pcodo chain
(captured energy, transformed energy, delivered energy) and at different levels of
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aggregation (array, device) is calculated with respect to the wetted surface of the prime
mover. The following metrics could be assessed:

VR © Yo J o N O EQ.46
‘00 0QO 60QA BT Wa Qe—w&V Q
000 EQ.47
00 ®QO 0AWDWT & & QG—%—Y Q
00."YO EQ.48
00 "YOQO 00Q D@1 O a Qe—&v Q
. 0.'YO EQ.49
0 'Y®'QO 00Q QD i d)d'Qe—%ﬂz—‘,' +——
! 8] WY
EQ.50

000
O00®QO 08QAADWB 1 O & Qe—%ﬂz—Y

2) Mass Parameters: the energy production at different stages of the production chain (captured
energy, transformed energy, delivered energy) and at different Is\aflaggregation (array,
device) is calculated with respect to the mass of the prime mover. Moreover, also the ratio
between the rated power and the mass of the prime mover is calculated. The following
metrics could be assessed:

0000 EQ.51
00 GO OO QT) Q
T N I ) EQ.52
OO0 0OWIUOI Oa Q& — Q
U VOO
006."YO EQ.53

006 "™MDOIi O @i aQ&—QH—

EQ.54

g YO
0 "YO OIildi waQe—%gm

500 EQ.55

00O MIdwl Ma Qe—%gm

EQ.56
usuﬂmwleon Q

3) Capture Width and Capture Width parameters: the capture length is calculated for wave
energy devices and a set of associated parametensidbe estimated as well. Moreover, a
definition of capture length for tidal energy converters has been introduceth@equivalent
diameter of the rotor, given the captured energy the average energy flux in the site. The
following metrics could be assessed:
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If TT is Wave 00060 EQ.57
0wQQU Q(““ODo(p&)Gc .
If TT is Wave W e w w 000 EQ.58
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If TT is Tidal o w EQ.59

50000 060 120000
0w v w’*(’i‘oz‘@(p&)t}cr
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O WYOHOYBO MOV M'QL Q N
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4) Cable Length Parameters: the length of the export cable (ECL), of the-amtey cables
(IACL) and of the whole cable system is calculated with respect to the rated power. The
following metrics could be assessed:

00 60 EQ.65

"0¢ 04 10 OOOUDD Q—mn—ru
Y0z0 O

06 0 EQ.66
O &5 Mo QH Q

"YE O EXHGE Y O "96 76 UOO | =67

Youzu O

5) Lease AredParameters: the energy production at different stages of the production chain
(captured energy, transformed energy, delivered energy) andredylevel of aggregatioris
calculated with respect to theextension of the lease area excluding-go areas The
following metrics could be assessed:

N o N O EQ.68
00 0Qw0d IQWW i wa QG,—OQ(:)l Q
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N s  OX O EQ.70
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2.2.3.3IMPACT

The outputs of the Alternative Metrics assessment tool in SPEY will inform the user about how the
OUOOAT j AAPOOOAA AT AOCUhK 1 Adspeddtd thd mEssAvktied shirtibe, A OA 8 C
rated power, characteristic dimension. Moreover, users can take advantage of a novel definition for

capture width applied to tidal energy converters.

All this set of metrics are useful indicators to quickly compareethifit projects and scenarios and
they can capture quickly the adequacy of the performances of a certain subsystem with respect to
some characteristic of the design.

2.24POWER QUALITY
2.2.4.10BJECTIVES

The Power Quality assessments of the SPEY module aipnatiding the user with an estimation of
the power quality, expressed in terms of phase between active and reactive power at the generator
(for device and at array level) and at the onshore landing point.

2.2.4.2INPUTS, MODELS AND OUTPUTS

Inputs
The inputs needefbr carrying out the assessment in terms of Power Quality areainle2.5.

TABLE2.5: INPUTS FORHE EVALUATION OF THEOWER QUALITY

Brief Description of the Input Quantity Origin  Data Model in SPEY Units
of the
Data’
DATP | Active Transformed Power per device: the amoy ET Pandas table, | kW
of active power at energy transformation phase p columns are the
device per sea state devices and rows ar:

the sea states
(ordered by Seq

State)
DRTP | Reactive Transformed Power per device: t| ET Pandas table,| kW
amount of reactive power at energy transformatio columns are the
phase per device per sea state devicesand rows are

the sea  states
(ordered by Seq
State)
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Brief Description of the Input Quantity Data Model in SPEY Units

ADP | Active Delivered Power of the array: the amount| ED Pandas table, jusl kW
active power at energy delivery phase of the ar one column (the
per sea state total array) and rows
are the sea states
RDP | Reactive Delivered Power of the array: the amoy ED Pandas table, jusl kW
of active power at energy delivery phase of the ari one column (the
per sea state total array) and rows
are the sea states

Methods and Outputs

The Power Quality functions can compute the phase between active and reactive power at the
generator (transformation level) for device and array level and at the onshore landing point at array
level of aggregation for different sea states.

The following giantities will be estimated:

TP 0 Lo I {1 EQ.71
V@ MOQQE Qi PABR L VQe—— . Q
NOO "YO OY YU

0D i BOQQE Qi AQEITT OO Qa EQ.72
B ‘00 "YO
B 00 "Y0O B 0'Y Y0
0@ ME @ | NOE QI WEDBD | | HRL Qa EQ.73
000

Moov YOO

2.2.43IMPACT

The information about the power quality levels per sea state at generator and/or at the onshore

landing point could be used to assess of the quality of the delivered energy at different stages of the
genenation of energy and identify eventually compliances with grid codes and eventually improve the

design.

DTOceanPlu®eliverable Grant Agreement N&a85921 Page27|52




D6.2 DTOcean+

Performance and Energy Yield Toglalpha version

3.4( % )-0, %- %. 41 4) /
3.1 THE ARCHITECTURE OF THE TOOL

The DTOceanPlus tools have been implemented considering three layers:

} The Business Logicincluding a set of modules, classes, libraries implementing all the
functionalities of the modules

} The Application Programmindnterface (AP]) that will constitute the gate of the module to the
other modules, thateither consume the services provided by P or whose services are
consumed by SPEY.

} The Graphic User Interfad&U)), allowing interaction with the user in order to show results and
receive inputs, besides exporting/importing data to/from files.

3.1.1BUSINESS LOGIC

The architecture of the Business Liogpf SPEY reflects, also in its architecture, the functionality that
were described in Sectich

Four main classes, indeed, have been considered, one for eacticiuaicty:

Efficiency (sedigure3.1)

EnergyProduction, corresponding to the Energy Production functionality Egare3.2)
AlternativeMetrics corresponding to the Alternative s functionality (sed-igure3.3)
PowerQuality corresponding to the Power Quality functionality (Ségure3.4).

[ S R R )

10 EO AT O1 A OAA ET OEA EECOOAOh A AoAhe cokdctklasd EAO
corresponding to the appropriate Level of Complexity. These classes will have the same name of the
mother class, adding the suffix Cpx1, Cpx2, Cpx3, according to the level of complexity. As mentioned
before there is no difference amgrthe functions for different levels of complexity (at this point, all
replicating the same code). For maintainability and future development reasons, it was preferred to
consider a structure in three levels of complexity. Moreover, the possibility ofidensg further

levels of complexity is a simple operation that should not cause any issue.

Each class has therefore several methods, each of them computing different quantities.

} Chss Efficiency (seleigure3.1)
A Estimate_rated_flux, stimating quantities inEq.1andEq.2
A Captured_efficiency, estimating quantities iq.3andEq.4
A Transformed_efficiency, estimating quantities g.5to Eq.8
A Delivered_efficiency, estimating quantities Fg.9 andEq.10
} Class EnergyProductien  EnergyProductionCpx1, EnergyProductionCpx2 and
EnergyProductionCpx3 (séeégure3.2)

A Gross_energy, estimating quantities ig.12to Eq.17
A Downtime
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A _lost_energy, estimating quantities iq.18to Eq.24
A Downtime_net_energy, estimating quantities [q.25to Eq.45

Class AlternativeMetrics (sdgégure3.3)

v > >y > >

Class PowerQuality (sd&gure3.4)

A Transformed_phases, estimating quantitieski.71andEq.72
A Delivered_phases, estimating quantitiesk.73

Mass_parameters, estimating quantitiestig.51to Eq.55
Wetted area_parametersestimating quantities ifcq.46to Eq.50
calculate_ PWR, estimating quantities ig.56
CL_parametersestimating quantities ifcq.57to Eq.64
Cable_length_parameters, estimating quantitieski|.65to Eq.67
Lease_area_parametersstimating quantities inEq.68to Eq.70

Efficiency

+cpx: string

+average_flux: float

+tech_type: string

+ charact_dimension: float

+ number_device: int

+ rated_power: float
+annual_captured_power: float

+ device_annual_captured_power: list of float
+q_factor: float

+ device_q_factor: list of float

+ annual_transformed_energy: string

+ device_annual_transformed_energy: : list of float

+annual_delivered_energy: string

+ get_stage(stg): static

............................ L RN | (SRRSO (1L
v v \
EfficiencyCpx1 EfficiencyCpx2 EfficiencyCpx3

+ average_flux: float

+tech_type: string

+ charact_dimension: float

+ number_device: int

+ rated_power: float

+ annual_captured_power: float

+ device_annual_captured_power: list of float
+ q_factor: float

+ device_q_factor: list of float

+ annual_transformed_energy: string

+ device_annual_transformed_energy: - list of float

+annual_delivered_energy: string

+ average_flux: float

+ tech_type: string

+ charact_dimension: float

+ number_device: int

+ rated_power: float
+annual_captured_pover: float

+ device_annual_captured_power: list of float
+ q_factor: float

+ device_q_factor: list of float
+annual_transformed_energy: string

+ device_annual_transformed_energy:  list of float

+annual_delivered_energy: string

+ average_flux: float

+tech_type: string

+ charact_dimension: float

+number_device: int

+ rated_power: float

+ annual_captured_power: float

+ device_annual_captured_power: list of float
+ q_factor: float

+ device_q_factor: list of float

+ annual_transformed_energy: string

+ device_annual_transformed_energy: - list of float

+annual_delivered_energy: string

+ get_inputs(self)

+ estimate_rated_flux(self)

+ captured_efficiency(self)

+ transformed_efficiency(self)

+ delivered_efficiency(self)

+ get_inputs(self)

+ estimate_rated_flux(self)

+ captured_efficiency(self)

+ fransformed_efficiency(self)

+ delivered_efficiency(self)

+ get_inputs(self)

+ estimate_rated_flux(self)

+ captured_efficiency(self)

+ transformed_efficiency(self)

+ delivered_efficiency(self)

FIGURE3.1: THE EFFICIENCY CLASAND THE METHODS HOLEVEL OF COMPLEXT
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EnergyProduction

+ cpx: string

+ monthly_resource_histogram: dictionary of lists
+ power_delivery_histogram: dictionary of lists
+number_device: int

+ porject_life: int

+ downtime_ours_per_device: dictionary of pandas tables

+ get_stage(stg): static

rethm

DTOc

ean+

\ I »x 7

EnergyProductionCpx1

EnergyProductionCpx2

EnergyProductionCpx3

+monthly_resource_histogram: dictionary of lists
+ power_delivery_histogram: dictionary of lists

+ number_device: int

+ porject_life: int

+ downtime_ours_per_device: dictionary of pandas tables

+monthly_resource_histogram: dictionary of lists
+ power_delivery_histogram: dictionary of lists

+ number_device: int

+ porject_life: int

+ downtime_ours_per_device: dictionary of pandas tables

+ monthly_resource_histogram: dictionary of lists
+ power_delivery_histogram: dictionary of lists

+ number_device: int

+ porject_life: int

+ downtime_ours_per_device: dictionary of pandas tables

+ get_inputs(self)
+ gross_energy(self)
+ downtime_lost_energy(self)

+ downtime_net_energy(self)

+ get_inputs(self)
+ gross_energy(self)
+ downtime_lost_energy(self)

+ downtime_net_energy(self)

+ get_inputs(self)
+ gross_energy(self)
+ downtime_lost_energy(self)

+ downtime_net_energy(self)

FIGURE3.2: THE ENERGY RODUCTION CLASS ANDHE METHODS FOR LEVEXF COMPLEXITY.
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AlternativeMetrics

+ cpx: string

+average_flux: float

+tech_type: string

+ charact_dimension: float

+ number_device: int

+ rated_power: float

+ wetted_area_surface: float
+wetted_area_surface: float

+ device_mass: float

+ annual_captured_power: float

+ device_annual_captured_power: list of float
+ annual_transformed_energy: float

+ device_annual_transformed_energy: : list of float
+PTO force: float

+ annual_delivered_energy: float

+ export_cable_length: float

+ intra_array-cable_length: float

+ get_stage(stg): static

(@)

s~

_____________________ retum L
i retumn v
v v v
AlternativeMetricsCpx1 AlternativeMetricsCpx2 AlternativeMetricsCpx3

+average_flux: float

+tech_type: string

+ charact_dimension: float

+ number_device: int

+ rated_pover: float

+wetted_area_surface: float

+ device_mass: float

+ annual_captured_power: float

+ device_annual_captured_power: list of float
+ annual_transformed_energy: float

+ device_annual_transformed_energy: - list of float
+ PTO force: float

+ annual_delivered_energy: float

+ export_cable_length: float

+ intra_array-cable_length: float

+average_flux: float

+tech_type: string

+ charact_dimension: float

+ number_device: int

+ rated_power: float

+wetted_area_surface: float

+ device_mass: float

+ annual_captured_power: float

+ device_annual_captured_power: list of float
+ annual_transformed_energy: float

+ device_annual_transformed_energy: : list of float
+PTO force: float

+ annual_delivered_energy: float

+ export_cable_length: float

+ intra_array-cable_length: float

+ average_flux: float

+ tech_type: string

+ charact_dimension: float

+ number_device: int

+ rated_power: float

+ wetted_area_surface: float

+ device_mass: float

+ annual_captured_pover: float

+ device_annual_captured_power: list of float

+ annual_transformed_energy: float

+ PTO force: float
+ annual_delivered_energy: float
+ export_cable_length: float

+ intra_array-cable_length: float

+ device_annual_transformed_energy: : list of float

+ get_inputs(self)

+ cable_length_parameters(self)
+ calculate_PWR(self)

+ CL_parameters(self)

+ wetted_area_parameters(self)
+ mass_parameters(self)

+ lease_area_parameters(self)

+ get_inputs(self)

+ cable_length_parameters(self)
+ calculate_PWR(self)

+ CL_parameters(self)
+wetted_area_parameters(self)
+mass_parameters(self)

+ lease_area_parameters(self)

+ get_inputs(self)

+ cable_length_parameters(self)
+ calculate_PWR(self)

+ CL_parameters(self)

+ wetted_area_parameters(self)
+mass_parameters(self)

+ lease_area_parameters(self)

FIGURE3.3: THE ALTERNATIVE MERICS CLASS AND THEBMHODS FOR LEVEL GFOMPLEXITY.

DTOceanPlu®eliverable Grant Agreement N&a85921 Page31| 52




D6.2

Performance and Energy Yield Toglalpha version

PowerQuality

+cpx: string

+ transformed_active_power: pandas table
+ transformed_reactive_power: pandas table
+ delivered_active_power: pandas table

+ delivered_reactive_power: pandas table

+ get_stage(stg): static

retbm

(@ |
DTOcean+

- 1
s~ 1

PowerQualityCpx1

PowerQualityCpx2

PowerQualityCpx3

+ transformed_active_power: pandas table
+ transformed_reactive_power: pandas table
+ delivered_active_power: pandas table

+ delivered_reactive_power: pandas table

+ transformed_active_power: pandas table
+ transformed_reactive_power: pandas table
+ delivered_active_power: pandas table

+ delivered_reactive_power: pandas table

+ transformed_active_power: pandas table
+ transformed_reactive_power: pandas table
+ delivered_active_power: pandas table

+ delivered_reactive_power: pandas table

+ get_inputs(self) + get_inputs(self) + get_inputs(self)

+ transformed_phases(self) + transformed_phases(self) + fransformed_phases(self)

+ delivered_phases(self) + delivered_phases(self) + delivered_phases(self)

FIGURE3.4: THE POWER QUALITYIASS AND THE METHODBOR LEVEL OF COMPKETY.

3.1.2API

The API of the DTOceanPlus software follows a representational state transfer (REST) approach and
it uses HTTP as the transport protocol. Its robustness is due to strict design principles whose
development it has been based on.

The SPEY API followhkase principles and indeed the language OpenAPI is adopted. An OpenAPI file
was created, in json format, indicating all the paths, the services, and schemas that SPEY will
consume, and which will make available for other modules to be consumed.

The backend of the module will receive the services from the other modules, running the Business
Logic and then preparing the outputs for the other modules and the users. This will be coded in
Python, using Flask Blueprints.

3.1.3GUI

The GUI ohll DTOceanPlusnoduleswill be based on the same libraries to guarantee a consistent
visual look.

The GUI of the SPEY module will be included into the main moduleaitt could be seen fRigure
3.5, will generally consist of two parts. On the left, there will be a tree, with the four main assessments
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areas: Efficiency, Energy Production, Alternative Metrics and Power Quality. Each assessment could
be furtherly expanded into Inputsnd Outputs.

The present example is based on the Efficiency assessrbengf course the main concepts will be
extended to the other assessments. Selecting Inputs for the Efficiency Assessment, in the central
Dashboard, the user will be asked to choagkich area of assessments the user is interested at;
Captured Energy Efficiency, Transformed Energy Efficiency, Delivered Energy Efficiency or All. This
would influence the amount of input data required. While selecting the area, the table below will be
filled with the inputs that are available from other modules. In case that one of the inputs is missing,
the user may load the missing data, just clicking on the button at the right. It is under discussion
whether the user should be able to modify an inpdtaomodule, even if it has been calculated by
another tool. The decision will depend on the usefulness that such a functionality might have for the
user.

In some cases, when values are array or lists, the user could even visualise the inputs in the bottom
canvas. Once that the user is ready, he/she can click on the Run button. Not all the inputs are required
see Sectior.2to check them).

DTOceanPlus - System Performance and Energy Yield - 0OX

[

v Efficiency
Inputs
Outputs Delivered Energy Efficiency

* Alternative Metrics Al
Inputs
Outputs

* Power Quality O !

Inputs O [
Qutputsi O |Rared ower w123 Load

O L

= I

S| T1T >

|Parameter Units Field Load

kW/m] [123 Load

-] 2 Load L

* Energy Production
Inputs
Outputs

Annual Captured Energy

Annual Captured Energy per Device kwh]  [[10.. ... 25.] Load

803 x 476

Cancel
~J Run

FIGURE3.5: WIREFRAME OF THE GOF THE SPEY MODULENPUTS.

Once the run is finished, the User can access the Output pagd-(gese3.6 andFigure3.7).

Again, from a Combo Box he can filter which kind of outputs he/she wants to visualise in the
underneath table. In some cases, by selectthg outputs (seeFigure 3.6) the user will have the
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possibility to select also a list of diagrams or figures to help visualising the outputs. In some other
cases (sefigure37qh xEAT AAAT ET C xEOE OAAI AO OAI OAOh OEE(

FIGURE3.6: WIREFRAME OF THE GOF THE SPEY MODULBUTPUTS (I).
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