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ABOUT MARINET
The MaRINET2 project is the second iteration of the successful EU funded MaRINET Infrastructures
Network, both of which are coordinated and managed by Irish research centre MaREI in University
College Cork and avail of the Lir National Ocean Test Facilities.
MaRINET2 is a €10.5 million project which includes 39 organisations representing some of the top
offshore renewable energy testing facilities in Europe and globally. The project depends on strong
international ties across Europe and draws on the expertise and participation of 13 countries. Over
80 experts from these distinguished centres across Europe will be descending on Dublin for the
launch and kick-off meeting on the 2nd of February.
The original MaRINET project has been described as a “model of success that demonstrates what
the EU can achieve in terms of collaboration and sharing knowledge transnationally”. Máire
Geoghegan-Quinn, European Commissioner for Research, Innovation and Science, November 2013
MARINET2 expands on the success of its predecessor with an even greater number and variety of
testing facilities across offshore wind, wave, tidal current, electrical and environmental/crosscutting sectors. The project not only aims to provide greater access to testing infrastructures across
Europe, but also is driven to improve the quality of testing internationally through standardisation
of testing and staff exchange programmes.
The MaRINET2 project will run in parallel to the MaREI, UCC coordinated EU marinerg-i project
which aims to develop a business plan to put this international network of infrastructures on the
European Strategy Forum for Research Infrastructures (ESFRI) roadmap.
The project will include at least 5 trans-national access calls where applicants can submit proposals
for testing in the online portal. Details of and links to the call submission system are available on
the project website www.marinet2.eu
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Disclaimer
The content of this publication reflects the views of the Authors and not necessarily those of the
European Union. No warranty of any kind is made in regard to this material.
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1 Introduction & Background
1.1 Executive Summary
Nova Innovation Ltd. are designers, manufacturers and operators of the world’s first Tidal Array,
in Bluemull Sound, Shetland. One of the key requirements to fully commercialise the technology is
to have low-cost, simple retrieve-and-deploy methods for bringing tidal turbines ashore for
maintenance and repair, and this depends on the type of workboat, flotation and operating
methods used. Some turbine retrieve-and-deploy methods have been tried and tested at full scale,
but it is possible to test more alternatives at lower cost at model-scale, and to obtain comparative
data for these alternatives which would not be possible at full-scale.
We have taken the opportunity presented by the MaRINET2 offer of access to test facilities,
and Nova was granted access to the LiR Wave & Current flume in UCC Cork, in two blocks (May
2019 and August 2019). Results from the first test-block allowed us to tune the tests for the second
block, and we were able to test three vessels at 25th scale in wave and current conditions up to
5knots and 1.5m significant wave-height (full-scale equivalent conditions). Using a scale model of
the seabed-mounted substructure in the flume, we were able to test the ‘landing’ of the turbine
onto the substructure, and the seakeeping and survival envelopes for models under tow and in
various moored configurations.
Nova has been able to prove the successful landing and lift-off of the turbine in the required
weather and tide conditions, and further to establish performance characteristics of a number of
installation methods.

1.2 Introduction
Nova are seeking to reduce turbine deployment & recovery costs by up to 90%. By
comparatively testing the behaviour of different installation methods we aim to identify the most
promising concept so that we can then design, build and demonstrate it at full scale on the
Shetland Tidal Array. Publishing findings from this work under the MaRINET banner will have
industry-wide benefit.
In the short term (<6 months), this project will allow us to confirm the behaviour of a number of
installation platforms and assess their suitability for operating in the required conditions. By
evaluating the dynamics of these operations in representative current & wave conditions, we will
allow numerical models to be validated, and confirm - or disprove - our design assumptions, dePage 4 of 20
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risking the development of these systems. The results will also validate our logistics and LCOE
models.
In the medium term (6 months to 2 years), the dynamic behaviours and metocean limits
(e.g. max current speed & significant wave height possible during deployment) identified will be
referred to when the full scale equipment and methods are used to deploy the next generation of
Nova’s tidal turbines in Shetland.
Longer term (>2 years), the methods developed through this programme of access will
facilitate low-cost tidal turbine deployments & maintenance on commercial tidal arrays in the UK,
France and beyond. These projects can provide clean and affordable electricity to millions of people
and create significant economic activity in peripheral marine regions.

1.3 Development So Far
The LCOE from tidal power remains relatively high (~€350/MWh) and major reductions in
CAPEX and OPEX are required to commercialise the industry. Nova aims to reduce LCOE to
€100/MWh by 2030 in line with the EC SET-Planin part by using inexpensive and widely available
vessels for routine maintenance of individual turbines.
Most developers of seabed-mounted turbines have deployed and recovered their turbines
using a “heavy-lower” method from conventional vessels. One developer lowered their turbine and
foundation from a bespoke Raft, while another used a “buoyant pull-down” method. Nova
successfully tested a pull-down concept for a buoyant turbine at the FloWave (UoE) facility in 2014,
however our turbine design has evolved since then, and further trials are considered very
worthwhile.
In this project we will test two methods of recovering and redeploying turbines from/onto a
subsea foundation: a buoyant pull-down, and a floating vessel (heavy-lower) concept, both of
which have the potential to reduce the cost of turbine retrieval and deployment by a factor of ten:
an OPEX saving of up to 50%. To date these concepts have only been tested qualitatively in Nova’s
small tank. This project will allow us to select, optimise and de-risk the most promising method,
before demonstrating it on the Shetland Tidal Array.
To date, Nova Marine Operations have been carried out on early arrays using chartered
workboats (Multicat type) which can be done safely and successfully, however there is scope to
develop more flexible and cost effective methods.
The selected infrastructure (LiR-NOTF at UCC Cork, Eire) has the appropriate dimensions,
wave and current generating capabilities for our tests, and offers access to suitable instrumentation
for the required measurements.
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1.3.1 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
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


Status















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
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STAGE GATE CRITERIA
Manufacturing, deployment, recovery and O&M (component reliability)
Project planning and management, including licensing, certification, insurance
etc.

Status


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
Note that this table is aimed towards operational testing of a tidal or wave energy
converters, whereas our present requirement is for testing deployment and recovery methods and
equipment. As a result, several of the rows in the table above are not applicable and have been left
blank.

1.3.2 Plan For This Access
Several deployment and recovery methods will be tested under a range of tide and wave
conditions. Results, including time series model displacements and moorings loads, will be
collected and analysed to establish limiting conditions beyond which we would not be confident
recovering and deploying our turbines. Extreme loads will drive the design of full-scale equipment.
Drag coefficients and tow line loads will be derived to specify vessels and tow condition limits.
Qualitatively, we will assess the risk of different operations.
Note: After reviewing the results of the first access block (May 2019) we down-selected, and
focussed on the preferred concepts for the August 2019 testing block.
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2 Outline of Work Carried Out
2.1 Setup
2.1.1 Physical Model Preparation
A total of three floating models were prepared, and one turbine including representative
blades was made, which was slung underneath each of the models in turn. A scaled substructure
was prepared, with representative gravity base. The vessels were equipped with remote-operated
servo-winches to adjust mooring lines and hoist cables, to allow the turbine to be positioned, raised
and lowered onto the substructure during tests.

A further test was scheduled to assess the feasibility of locating and capturing the empty
substructure from a vessel on the surface, in order to make contact with the submerged structure
to assist in targeting the turbine onto the top of the substructure.

Photos of two of the model set-ups are given here, ready for testing and under test in the Cork
facility UCC MaREI – Wave and Current Flume:
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On arrival at the testing facility the models were fitted with Qualisys reflectors (above water
reflectors on the vessel, and below water reflectors on the turbine), so that the relevant above and
underwater motions could be tracked during testing.
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2.1.2 Model Instrumentation
The following table lists the instrumentation which was used during the access period, and the
use to which it was put:
Instrumentation

Function

Provided
By

Calibration Method

In-line load cells

Mooring line loads

UCC MaREI

Zero load and known
steady load application
(calibrated mass)

6-degree of freedom
Qualisys Tracking
System – above water

Tracking the surface
motions of the floating
installation platforms

UCC MaREI

Capture of floating body in
still water conditions.

6-degree of freedom
Qualisys Tracking
System – below water

Tracking the subsurface motions of the
turbine

UCC MaREI

Capture of submerged
body in still water
conditions.

Wave probes

Confirm surfaceelevation variation inline with the test area

UCC MaREI

Still water recording, and at
a series of raised/lowered
positions.

Vectrino current probe

Measure time-varying
3D current at a point
up/down-stream of
the model.

UCC MaREI

None performed.

Acoustic Doppler
Profiler

Measure time-varying
current sampled
through the water
column

UCC MaREI

None performed.

Underwater video
camera

Footage of installation
trials – to qualitatively
assess performance of
installation trials

Nova &
UCC MaREI

None performed.

2.1.3 Tank & Instrumentation Preparation
The required range of scale conditions in the tank were calibrated without any models
installed in the tank, and with the wave probes and current-measurement device (Vectrino)
installed in the final installed location of the turbine. This allowed the wave and current conditions
to be calibrated, so that the required conditions to be accurately reproduced during testing at the
model location.
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In addition to this each of the instruments to be used during testing was calibrated, outline
details of which are given in the table above.

2.1.4 Modelling of Moorings
During the first access period (May 2019) moorings were modelled with the application of a static
tension using a suspended hanging mass applied to the models via an arrangement of pulleys
inside and outside of the tank.
Mooring tensions could then be modified during the testing by applying more or less hanging
weight to the models, to assess what mooring load was required to keep the model sufficiently
on station for a successful installation.
During the second access period (August 2019) the scale stiffness of the mooring was
represented by the use an appropriate series combinations of metallic spring back to a fixed
point, and movement on the moorings was achieved by using a set of geared servo motors
mounted on the installation platforms controlled remotely.

2.2 Tests
2.2.1 Test Plan
A series of tests with step-wise increasing current flow and wave height was carried out for each
configuration. At each step the feasibility of recovery and deployment of the turbine was
attempted, and notes taken on the particular issues or ease with which it was done.
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2.3 Results
Typical results for force and displacement are given given below, with results normalised to one
of the installation platforms under a reference set of conditions.

No Waves Mooring Load Std. Dev.
[RFT Aft Clump @ 1m/s Ebb ≜ 1.0]
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-1.5

-1

-0.5

0

0.5

1

1.5

1

1.5

Current Speed +ve = Flood [m/s]
RFT Aft clump

RFT Spigot

RFT Boat

RDR Aft clump

RDR Spigot

RDR Boat

With Waves Mooring Loads Std. Dev.
[RFT Aft Clump @ 1m/s Ebb ≜ 1.0]
2.50
2.00
1.50
1.00
0.50
0.00
-1.5

-1

-0.5

0

0.5

Current Speed +ve = Flood = With Waves [m/s]
RFT Aft clump

RFT Spigot

RFT Boat

RDR Aft clump

RDR Spigot

RDR Boat
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No Waves Underwater Movement Std. Dev.
[RFT x movement @ 1m/s Ebb ≜ 1.0]
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
-1.5

-1

-0.5

0

0.5

1

1.5

Current Speed +ve = Flood [m/s]
RFT x
RDR x

RFT y
RDR y

RFT z
RDR z

With Waves Underwater Movement Std. Dev.
[RFT x movement @ 1m/s Ebb ≜ 1.0]
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00
-1.5

-1

-0.5

0

Current Speed +ve = Fl ood = Wi th Waves [m/s]
RFT x
RFT y
RDR x

RDR y

0.5

1

1.5

RFT z
RDR z

2.4 Analysis & Conclusions
2.4.1 Qualitative Analysis
An important output of the testing was the opportunity to observe the qualitative behaviour of
the various installation concepts in the tank, under a range of likely conditions and scenarios. The
use of actively controlled moorings was particularly helpful in this regard as it gave a realistic
representation of how much control could be exerted over the installation platform, and how
much perturbation could be expected from the still-water position on its moorings.

2.4.2 Quantitative Analysis
A large amount of data was collected, initial quality control and preliminary analysis of this data
has been undertaken, but substantial scope for further analysis remains. Vessel motions, turbine
motions, mooring and towing forces, and video records were made.
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2.4.3 Conclusions
The work undertaken met or exceeded the expectations. This method of funding Marine
Renewables development is a good way of assisting SME developers with access to large,
technical/academic facilities.






We were able to show the relative benefits of the buoyant pull-down system compared
with the floating, heavy-lower system.
We were able to confirm the successful design of the connector geometry between the
top of the substructure and the turbine.
The feasibility of various mooring arrangements was established in the range of tide and
wave conditions required.
The maximum towing forces were established for both the vessel designs.
The ‘survival’ case of wave and tide were explored for the case of a moored system over
the full tide cycle.

3. Main Learning Outcomes
3.1

Progress Made

The first test-block (May 2019) allowed us to test alternative installation concepts and
assess the broad qualitative and quantitative behaviours. It also provided an opportunity to
confirm the workability of the structural connector geometry, and to assess the feasibility and
limiting met-ocean conditions for several additional deploy & retrieve operations.
The later block (August 2019) showed us the relative benefit of larger or smaller vessels, as
well as experimenting with different mooring arrangements – and provided more detailed
quantification of mooring and towing forces, and the survival limits of these designs.

3.1.1 Progress Made: For This User-Group or Technology




Corporate knowledge of retrieve-and-deploy methods was gained.
Data was acquired which can be compared with full-scale metocean data.
Metocean limits for different installation concepts can be used for future LCOE
comparisons between different deploy and retrieve methods.

3.1.2 Next Steps for Research or Staged Development Plan –
Exit/Change & Retest/Proceed?
The next step is to refine the design of a full-scale deployment vessel and begin Marine
operations using this developed technology. However, further de-risking by model
testing would be very beneficial prior to committing full-scale funds.

3.1.3 Progress Made: For Marine Renewable Energy Industry
(e.g. useful information/learnings/progress for general industry, test setups made which could be
reused etc.)
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Nova Innovation Ltd have increased expertise in tidal-turbine retrieve-and-deploy to
accelerate the development of cost-effective retrieve and deploy technology within the
industry.
The LiR Wave & current flume at UCC, Cork, Eire gained knowledge and experience in the
field of tidal turbine systems which will be useful to others using the facility in the future.
A number of practical lessons learned are documented in the “Key Lessons Learned”
below could be of general interest to others undertaking similar testing in the future.

3.2

Key Lessons Learned

(5-10 bullet points which will be useful and helpful to the User-Group and particularly to others)













TRL 4 has been reached for the retrieve-and-deploy system.
We were able to show the relative benefits of the buoyant pull-down system compared
with the floating, heavy-lower system.
We were able to confirm the successful design and operability of the structural connector
between the top of the substructure and the turbine.
Splitting of tank-testing time over two access periods was very worthwhile. This increased
cost (additional travel costs/time, more time out of diaries etc.) however it allowed time
to refine not only the concepts being tested, but also the modelling methods – would
strongly recommend this for the first any user is accessing a new facility
Modelling of an active mooring and lifting/lower system (as was done in the second
access block) was invaluable for assessing the qualitative control available over the model
during active installation trials (during the first access block mooring lines were modelled
with hanging weights to represent fixed tension lines, but with this arrangement it was
not possible to do active installation trials).
The importance of turbulent scale effects in the tank should not be underestimated.
During initial engagement with the infrastructure manager we only specified wave
significant height and period, and current mean tide speed. This left turbulence intensity
and turbulent length scales up to chance and in future testing, especially for more
detailed quantitative assessment, we should seek to specify more control (or at least
measurement) over the turbulence details.
The setup at UCC_MaREI where instrumentation and technical staff are shared between
multiple tanks offers excellent value for money compared to single-tank facilities where
the same resources would then be unused if the tank were empty.
Initial discussions (via teleconference) with the infrastructure manager proved very
valuable for assessing the responsibilities for providing various pieces of equipment, and
the likely time required for setup.
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4. Further Information
4.1

Scientific Publications

No scientific publications have been made or planned as a result of this work.

4.2

Website & Social Media

Website:
https://www.NovaInnovation.com
YouTube Link(s):
From the Company website
LinkedIn/Twitter/Facebook Links:
Search Nova Innovation Ltd
https://twitter.com/NovaInnovation/status/1177597693641801728

5. References
No specific references are quoted or required here.
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6. Appendices
Technology Readiness Levels
(MaRINET2 Guidance: 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.)
The retrieve-and-deploy methods tested under this project are confirmed at TRL 4.

NASA Technology Readiness Levels1

1

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html
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NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
1
Basic principles
Scientific knowledge generated
Scientific knowledge generated
observed and
underpinning hardware technology
underpinning basic properties of
reported.
concepts/applications.
software architecture and 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. Endto-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

Documented test
performance verifying
analytical predictions.
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scenarios. Verification and Validation
(V&V) completed.
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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