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1 Introduction & Background
1.1

Introduction

Magallanes Renovables S.L. focuses its activity on the design, construction, validation and marketing of floating
platforms to obtain energy from marine currents, which is a clean, sustainable and low-cost source of renewable
energy. Magallanes Renovables successfully deployed its floating turbine at EMEC in November 2014, supported
by the EU-funded MaRINET project. The 1:10 scale ‘ATIR’ prototype was installed on EMEC’s Shapinsay Sound
test site as a stepping stone towards testing of a full-scale prototype at the Fall of Warness tidal test site.
Building on the 2014 tests at EMEC, we have designed and build their second generation 2MW ATIR tidal turbine
as part of the Horizon 2020 funded Ocean_2G project. The data obtained during the 2014 testing programme has
been fed into the design of the second-generation device which was built in Vigo, Spain, and launched in April
2017. The 45 metre ATIR features a 25-metre draft supporting two 19 metre diameter rotors, and will be anchored
to the seabed by mooring lines at the bow and stern, while the steel platform floats on the surface. The ATIR has
been validated in a controlled environment in Vigo with tow testing where 400kW generation was achieved, prior
to being towed to Orkney for operational demonstration in open sea conditions at EMEC’s grid-connected Fall of
Warness tidal test site.

Regarding the project objective, the continued deployment in EMEC’s Fall of Warness tidal test site will
enable the recording and collection of different variables such as shaft speeds, temperatures, loads,
vibrations, oil pressure, which will allow a better understanding of the platform behaviour and performance.

1.2 Development So Far
1.2.1

Stage Gate Progress
Previously completed: 
Planned for this project: 

STAGE GATE CRITERIA
Stage 1 – Concept Validation
• Linear monochromatic waves to validate or calibrate numerical models of the system (25 – 100
waves)
• Finite monochromatic waves to include higher order effects (25 –100 waves)
• Hull(s) sea worthiness in real seas (scaled duration at 3 hours)
• Restricted degrees of freedom (DofF) if required by the early mathematical models
• Provide the empirical hydrodynamic co-efficient associated with the device (for mathematical
modelling tuning)
• Investigate physical process governing device response. May not be well defined theoretically or
numerically solvable
• Real seaway productivity (scaled duration at 20-30 minutes)
• Initially 2-D (flume) test programme
• Short crested seas need only be run at this early stage if the devices anticipated performance
would be significantly affected by them
• Evidence of the device seaworthiness
• Initial indication of the full system load regimes
Stage 2 – Design Validation
• Accurately simulated PTO characteristics
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STAGE GATE CRITERIA
• Performance in real seaways (long and short crested)
• Survival loading and extreme motion behaviour.
• Active damping control (may be deferred to Stage 3)
• Device design changes and modifications
• Mooring arrangements and effects on motion
• Data for proposed PTO design and bench testing (Stage 3)
• Engineering Design (Prototype), feasibility and costing
• Site Review for Stage 3 and Stage 4 deployments
• Over topping rates
Stage 3 – Sub-Systems Validation
• To investigate physical properties not well scaled & validate performance figures
• To employ a realistic/actual PTO and generating system & develop control strategies
• To qualify environmental factors (i.e. the device on the environment and vice versa) e.g. marine
growth, corrosion, windage and current drag
• To validate electrical supply quality and power electronic requirements.
• To quantify survival conditions, mooring behaviour and hull seaworthiness
• Manufacturing, deployment, recovery and O&M (component reliability)
• Project planning and management, including licensing, certification, insurance etc.
Stage 4 – Solo Device Validation
• Hull seaworthiness and survival strategies
• Mooring and cable connection issues, including failure modes
• PTO performance and reliability
• Component and assembly longevity
• Electricity supply quality (absorbed/pneumatic power-converted/electrical power)
• Application in local wave climate conditions
• Project management, manufacturing, deployment, recovery, etc
• Service, maintenance and operational experience [O&M]
• Accepted EIA
Stage 5 – Multi-Device Demonstration
• Economic Feasibility/Profitability
• Multiple units’ performance
• Device array interactions
• Power supply interaction & quality
• Environmental impact issues
• Full technical and economic due diligence
• Compliance of all operations with existing legal requirements

1.2.2
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Plan for This Access

Magallanes Renovables has planned for this access to monitor a comprehensive suite of thermo-mechanical
parameters: shaft speeds and metal temperatures, rotor loads in flood and ebb directions during spring and
neap cycles, gearbox vibration data, oil pressure, temperature and flow rate in the gearbox and pitch systems.
Meteorological/environmental parameters such as wind direction, wind speed, temperature, current velocity
and direction will also be monitored in order to establish correspondence between outdoor and indoor
parameters.

Data collected during this period will be used in the future to analyse, obtain conclusions, behaviour trends and
compare variables, among others, which will enable further work in the field of preventive and predictive
maintenance; furthermore, exercises in maintenance on the platform will enable a better characterisation of
maintenance costs. Additionally, maintenance carried out on the platform during the deployment will provide
feedback to the design such as to make maintenance faster and minimise the total downtime if any of the platform.
Testing during the winter months will also provide a demonstration of the platform stability in more challenging
sea states, combined with the high current velocities that are found at EMEC’s Fall of Warness tidal test site. This
will be both a test of the platform performance but also a test of the practicality of maintenance to be carried out
during these conditions.

2 Outline of Work Carried Out
2.1 Setup
The ATIR floating platform was already installed and moored at the tidal test site of Fall of Warness, since it was
already deployed during the previously completed Ocean_2G project. In this sense, the setup process at the tidal
site was already performed (installation of the moorings, cable connection to the grid, etc.). The objective for this
access was to increase the data gathering of key parameters to increase the reliability of the tidal device and to
reduce maintenance costs in the long term.

Picture 1: Magallanes Renovables ATIR platform towed to Orkney

2.2 Tests
2.2.1 Test Plan
Magallanes Renovables has prepared a test plan where it will monitor a set of key parameters, such as tidal current
speed, excursion, the power generated by both generators, power consumed by the platform and losses occurred
in the converter and in the transformer. In the next section we will gather and analyse the data obtained for this
access to the EMEC full-scale tidal test site.

2.3 Results
In this section we will analyse the results obtained in relation with the above-mentioned variables:
The tidal current speed in Fall of Warness (FoW) has been estimated using a set of 59 harmonic constituents
that were obtained by EMEC using measurement campaigns. The estimated values during the analyzed period are
shown in Fig. 1. The resulting histogram can be seen in Fig. 2, where it shows that the maximum achieved values
are roughly 3.5 m/s.

Fig. 1. Estimated values for the tidal current speed (period: from 1/XI/2019 to 6/II/2020)

Fig. 2. Histogram of estimated current speed

The analysis of the excursion of the platform is divided into two different sections, one where the device is
not generating electricity and the other where is actively producing electricity.

Regarding the first approach of not producing electricity, we can appreciate that the maximum excursion when
the platform is not producing energy is 17.5 meters, and the device is within an acceptable excursion in order to
not to impose excessive tension on cable. The results are shown in the illustrations below for a typical week:

Fig 3: Excursion of the ATIR platform using non generating data

On the other hand, the scenario where the platform is pouring energy to the grid, we can observe a positive
excursion to North and negative excursion to the south, and larger excursion (greater than 20m) only coincides
with the power generation. Results can be seen in the figure below:

Fig 4: Excursion of the ATIR platform using only generating data

Regarding the total power generated by the platform, this can be observed in the following histogram where it
appears the total output produced by both generators in a non-dimensional form for a typical month of generation:

Figure 5: Histogram of total power generated by both generators

As for the power consumed by the tidal device in a typical week, data is shown in the graph below:

Figure 6: Power consumed by the 400V network platform

Regarding the losses in the converters and in the transformer, which are important to measure to optimize
the energy production, these are shown in the following graphs for a typical week of electricity generation:

Figure 7: Losses in the AC/AC converter of group no. 1

Figure 8: Losses in the AC/AC converter of group no. 2

Figure 9: Losses in the transformer 11kV/690V

As a result of the access to the EMEC’s facility, the generation of electricity continued in a reliable manner during
most tidal cycles. In the following graph it is shown the generation of Magallanes Renovables ATIR platform on a
typical week with superposed tidal flow.

Figure 10: Typical weekly generation with superposed tidal flow. Source: EMEC

2.4 Analysis & Conclusions
The analysis of the data collected will serve as a basis for a future validation of the performance of the platform
components. The results of this analysis will feed directly into the future draft of an optimised maintenance plan,
as well as into the design of the platform in general.
Moreover, assessing the electricity generation outputs will result in an optimized generation for the future, due to
gathering more data about the platform behaviour in different tidal cycles and meteorological conditions, which
are harsh in the Fall of Warness site.

3 Main Learning Outcomes
3.1 Progress Made
3.1.1

Progress Made: For This User-Group or Technology

The six-month period of additional testing that the ATIR platform has performed at the EMEC full-scale tidal test
site has enabled Magallanes Renovables to significantly increase the knowledge in key variables, parameters and
equipment in different tidal cycles and weather conditions while generating electrical energy.
The amount of data collected will allow further work in the field of preventive and predictive maintenance, lowering
maintenance costs for the technology and tidal energy, in which Magallanes Renovables will be one of the main
players in the marine renewable sector.

3.1.2

Progress Made: For Marine Renewable Energy Industry

The testing period performed at EMEC will help and enhance the marine renewable energy industry, due to the
fact that the increased knowledge during generation at real-sea conditions will enable to lower the OPEX costs,
improve offshore servicing and the maintenance processes that need to be planned in coordination with marine
service providers.
Regarding maintenance operations, their direct cost and the associated losses due to downtime of the tidal device
are high, given that maritime operations are very expensive and subject to weather conditions due to the difficulty
of transporting personnel and machinery. Therefore, being able to cut down those costs will be of a paramount
importance to increase market success in a highly competitive environment like the energy sector. In this sense,
effective ways to reduce costs are likely to arise from standardization, operational efficiencies or performance data
gathering for improved reliability.

3.2 Key Lessons Learned
•
•
•
•
•
•

Increased experience and working hours under real-sea conditions at Fall of Warness (Orkney).
Enhanced operational efficiencies and coordination among teams in Spain and Scotland.
Data gathered to develop a condition monitoring and maintenance system/model.
Extensive knowledge obtained about meteorological conditions and current speeds.
Further cooperation with local industry and equipment suppliers.
Project planning and management.

4 Further Information
4.1 Scientific Publications
The University of Vigo and its research groups with whom we collaborate in the analysis of the results are preparing
a scientific paper to be published later in the year with the campaign tests and trials performed by Magallanes
Renovables in Fall of Warness.

4.2 Website & Social Media
Website: www.magallanesrenovables.com
YouTube Link(s): https://www.youtube.com/watch?v=4b0PIcW8gqg
LinkedIn/Twitter/Facebook Links:
•
•
•

LinkedIn: https://www.linkedin.com/company/magallanes-renovables/
Twitter: https://twitter.com/magallanestidal
Facebook: https://es-es.facebook.com/magallanesrenovables/

5 References

6 Appendices
6.1 Stage Development Summary Table
The table following offers an overview of the test programmes recommended by IEA-OES for each Technology
Readiness Level. This is only offered as a guide and is in no way extensive of the full test programme that
should be committed to at each TRL.

NASA Technology Readiness Levels1

1

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html

NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
1
Basic principles
Scientific knowledge generated
Scientific knowledge generated underpinning
observed and
underpinning hardware technology
basic properties of software architecture and
reported.
concepts/applications.
mathematical formulation.

Exit Criteria
Peer reviewed publication of
research underlying the
proposed
concept/application.
Documented description of
the application/concept that
addresses feasibility and
benefit.

2

Technology
concept and/or
application
formulated.

Invention begins, practical application is
identified but is speculative, no experimental
proof or detailed analysis is
available to support the conjecture.

Practical application is identified but is
speculative, no experimental proof or detailed
analysis is available to support the conjecture.
Basic properties of algorithms, representations
and concepts defined. Basic principles coded.
Experiments performed with synthetic data.

3

Analytical and
experimental
critical function
and/or
characteristic
proof of concept.

Analytical studies place the technology in an
appropriate context and laboratory
demonstrations, modelling and simulation
validate analytical prediction.

Development of limited functionality to
validate critical properties and predictions
using non-integrated software components.

Documented
analytical/experimental
results validating predictions
of key parameters.

4

Component and/or
breadboard
validation in
laboratory
environment.

A low fidelity system/component
breadboard is built and operated to
demonstrate basic functionality and critical
test environments, and associated
performance predictions are defined relative
to the final operating environment.

Key, functionally critical, software
components are integrated, and functionally
validated, to establish interoperability and
begin architecture development.
Relevant Environments defined and
performance in this environment predicted.

Documented test
Performance demonstrating
agreement with analytical
predictions. Documented
definition of relevant
environment.

5

Component and/or
breadboard
validation in
relevant
environment.

A medium fidelity system/component
brassboard is built and operated to
demonstrate overall performance in a
simulated operational environment with
realistic support elements that
demonstrates overall performance in
critical areas. Performance predictions are
made for subsequent development phases.

End-to-end software elements implemented
and interfaced with existing
systems/simulations conforming to target
environment. End-to-end software system,
tested in relevant environment, meeting
predicted performance. Operational
environment performance predicted. Prototype
implementations developed.

Documented test
performance demonstrating
agreement with analytical
predictions. Documented
definition of scaling
requirements.

6

System/subsystem model or
prototype
demonstration in
an operational
environment.

A high-fidelity system/component
prototype that adequately addresses all
critical scaling issues is built and operated in
a relevant environment to demonstrate
operations under critical environmental
conditions.

Prototype implementations of the software
demonstrated on full-scale realistic problems.
Partially integrate with existing
hardware/software systems. Limited
documentation available. Engineering
feasibility fully demonstrated.

Documented test
performance demonstrating
agreement with analytical
predictions.

7

System prototype
demonstration in
an operational
environment.

A high-fidelity engineering unit that
adequately addresses all critical scaling
issues is built and operated in a relevant
environment to demonstrate performance in
the actual operational environment and
platform (ground, airborne, or space).

Prototype software exists having all key
functionality available for demonstration and
test. Well integrated with operational
hardware/software systems demonstrating
operational feasibility. Most software bugs
removed. Limited documentation available.

Documented test
Performance demonstrating
agreement with analytical
predictions.

8

Actual system
completed and
"flight qualified"
through test and
demonstration.

The final product in its final configuration
is successfully demonstrated through test
and analysis for its intended operational
environment and platform (ground, airborne,
or space).

All software has been thoroughly debugged
and fully integrated with all operational
hardware and software
systems. All user documentation, training
documentation, and maintenance
documentation completed. All functionality
successfully demonstrated in simulated
operational scenarios. Verification and
Validation (V&V) completed.

Documented test
performance verifying
analytical predictions.

9

Actual system
flight proven
through
successful mission
operations.

The final product is successfully operated in
an actual mission.

All software has been thoroughly debugged
and fully integrated with all operational
hardware/software systems.
All documentation has been completed.
Sustaining software engineering support is in
place. System has been successfully operated
in the operational environment.

Documented mission
operational results
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