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Introduction

IDOM WEC Technology

Activities around marine
renewables started 12 years
ago with the development of
a wave energy harvesting
technology
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The technology: OWC

MARMOK'’s unique design provides the following advantages:

» Simplicity: formed by a single structural element, it avoids complex mechanisms
exposed to offshore conditions. The only moving part is the turbine-generator set, which
is placed on the deck and easily accessible.

* Robustness: 'spar buoy' configuration has been widely proved in the offshore industry to
provide good performance and reliability.

* Adaptability: simple modifications permit the optimization of the device for a particular
location and wide range of sea conditions.

* Reduced maintenance: due to the simplicity of the device and based on previous
experience, minimum maintenance is required which supposes a substantial number of
operating hours.

»  Potential to achieve a competitive LCOE
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Technology demonstration (MARMOK-A-5)

ENERGIAREN

Main Features : : oo enacoNoea
S ENTE VASCO

TotalLength ..............ccccceeeee.. 42.0m N X

Draft ..o 35m

Maximum diameter ..................... 50m

Displacement .........cccccoovieeennne. 162 ton

Water ballast ........cccoooiiiiiiens 83 ton

Dry weight ..o, 79 ton

Installed Power..........cccccevvvieeene 2x15kW (nominal)

Distance to the coast ................. 3.7 km

Mean water depth .......ccccccooeeee. 82.0m

Structural & mooring design verified by DNV

Period of deployment .................. October 16 - June 18

October 18 — May 19
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Technology demonstration (MARMOK-A-5)

« BIiMEP (Biscay Marine Energy Platform)
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Main characteristics

» Located in Armintza-Lemoniz

+ Total area 5.3 km?

» Closest point to shore 1,7 km

* 4 connexion points: SMW 'y 13kV
* Onshore substation

» Onshore monitoring office

» Surveillance service 24/7

* Avg. energy available: 21 kW/m
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Technology demonstration (MARMOK-A-5)

Main conclusions

After almost 3 years of testing...

Survivability demonstrated Hmax=14m
Increasing availability reaching 90%

Easy maintainability

Power performance as expected

Turbine performance as expected
Numerical model validation (Performance &
Cost)

Gained experience in O&M (over 1000h)
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Some lessons learned
» Consider O&M operations the earliest possible in the design
process

» Prioritize systems’ maintainability and reliability, specially on
early prototypes (redundancy)

» Test onshore as many systems as possible before offshore
deployment

« Try to minimize specialized vessels and divers dependency

IDOM
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MARMOK technology upgrade

Aim: “Improve the power performance of the system while maintaining its high robustness, maintainability and reliability”

Main Power Take Off (PTO)
/ Deck + Air turbine aerodynamics
: » Air turbine mechanism
Floater » Electric generator
T

» Control system
* Valve

Other improvements
* Mooring installation

Central
Cylinde ——»
r

» Umbilical cable routing
Catenary Lines

Ballast >
tank

Anchor

Floating
l = Cell T

Chain
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PTO

Aim: “Improve the power performance of the system while maintaining its high robustness, maintainability and reliability”

Develop a novel PTO technology matching the requirements of the MARMOK technology,
maximizing its power capture and conversion, fully prepared to be implemented in a WEC

A

Wells variable pitch turbine

2 degrees of freedom

Rotational speed Variable pitch
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PTO

PTO subsystems

* Rotor aerodynamics

Conversion efficiency boost through variable pitch
mechanism and performance improving features

Rotor mechanism
Automatic turbine blade pitch control mechanism

Electric generator

Ad hoc design with good efficiency and power peak
endurance

Control system
Machine learning based control strategy coupled with a
reinforcement learning algorithm

+ Series valve

Valve that in very energetic sea states closes the air flow
protecting the turbine.
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PTO: aerodynamic design

Design strate
9 9 NAnsys

Analytical model:
BEM: Blade Element Method

Optimization process: main aerodynamic parameters
Genetic algorithm

Analytical model validation
CFD: Computer Fluid Dynamics

» Testing | _

Aerodynamic

Generator
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PTO: aerodynamic design

Analytical model
BEM: Blade Element Method

* Methodology:
Blades discretized in N elements where loads and velocity

triangles computed
Interference factor between blades

» Radial effects included
Performance assessment through dimensionless coefficients
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PTO: aerodynamic design

Optimization process - e — ot space e o4
for each SS
» Turbine optimisation to improve the holistic performance of the Ty AN Cpro | ¥
WEC "
* Input space 1: all the different geometrical parameters of the i&q}
turbine

* Input space 2: the requirements of the WEC to optimise the
holistic performance

I
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» Complex optimisation problem: :

* Alarge number of optimisation parameters I
* Alarge number of possible solutions I
|
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* An iterative optimisation algorithm is developed based on
Genetlc Algorithm techniques

Input space with the geometric parameters of the turbine

* The different combinations of these parameters constitute the
search space (population)

» Each individual gets a fitness score (n_T)

* The turbine configuration with the highest fithess results the
optimal turbine

Range of pitch
= angle variability
(2]
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PTO: aerodynamic design

Analytical model calibration Ansys

» Development of the CFD
* Domain optimization
* Mesh convergence
« Simulation
« Optimization of the analytical model
* Lower fidelity BEM model for tendency identification >
High fidelity BEM
« Simplified cost function for tendency identification

Ansys
2022 R1
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PTO: aerodynamic design

Wind tunnel testing
Facility built specifically for the campaign
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PTO: aerodynamic design

Mutriku Wave Power Plant testing
Full PTO testing
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PTO: pitch control mechanism

Mechanical detailed design

* Mechanism
* Robustness
 Maintenance

* Electric actuator requirements
* Forces, displacement
* Speed, accuracy

» Blade design
*  Weight reduction
* CoG position
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PTO: electric design

Electric generator

» Operating conditions
+ High peak-to-average ratio
* Harsh environment
» Wide range of rotational speed
+ Specific design
* 4-pole asynchronous squirrel cage generator
* Finsulation class with IP56 protection
+ Efficiency map with good efficiency at low power
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PTO: control law

Control law based on 2 variables

Rotational speed Control Law (CL) with startup and braking Thresholds

i i i Maodified CL
+ Speed-up and breaking areas for ensuring correct operation Ongina O

Braking area —

* An optimization loop is run for optimizing power output
maximization

« Restrictions Operation area
* Maximum torque
* Maximum rotational speed F
*  Maximum power
+  OWC not reaching the turbines

Startup area

+ Sea state identification using internal data. Reinforced learning.

Pitch
» Pitch control to optimize pneumatic to mechanical power
conversion.
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PTO: series valve

Knife gate valve
* No interference with flow when opened

+ Sufficient sealing capacity
» Estimated maximum pressure endurance (~1.2 bar)

» Material against marine corrosion (stainless steel)
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Other improve



Other improvements

Aim: “Reducing costs and risks, minimizing the use of vessels and divers”

* Mooring
Avoiding the use of divers without the need for large vessels

* Umbilical cable
Improve umbilical cable survivability
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Operations: mooring

Submerged cell Target
» Shared anchoring is possible: reduction of costs * New design of the operation and nodes to allow
and space utilization handling without the need for large vessels and
divers.

* Frees up the vertical movement of the WEC

» Complex operations using divers
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Umbilical cable: routing

Umbilical cable routing

Highly dynamic conditions = challenging design.
Requirements:
* Respect the minimum ending radius.

* Do not exceed the maximum cable tension.
* Avoid impacts with other elements.

/\
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Design elements

Cable characteristics.

Bend stiffener.
Clump weights.
Floatability modules.
Lengths.

IDOM
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