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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/cross-cutting 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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Horizon 2020 research and innovation programme under grant
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1 Introduction & Background
1.1 EPF Company
EPF was founded as EPF Elettrotecnica in 1961 and since then it has been working on a National and International
level in the automation and industrial plant design sectors. Managed by the same family for two generations, EPF
has maintained its Headquarters in Carrù, just outside the Langhe (Piedmont) in Italy. EPF Automation designs
and manufactures robotic applications, integrated in industrial automation plants. EPF Automation is a system
integrator, able to completely manage the installation of Industrial robots, starting from initial feasibility studies
and assisting the customer in the design of the application, in the development of the control software and in the
installation and commissioning phases.
EPF acts as EPC contractor for turn-key plants of energy from renewable sources, working mainly on photovoltaic
and hydroelectric power plants. EPF is strongly interested in the field of very small head turbines, understanding
the fundamental topics of off-design operations, maintenance and environmental impact.
Regarding wave power field, EPF collaborates with the Italian Institute for Research on Energy System (RSE
S.p.A). For RSE WaveSax, EPF developed the electric Power Take Off and the control system, being actively
involved in the project. The characterization of the performance of its electro-mechanical conversion system
required the realization of an in-house dry test bench. In the middle of 2018 the RSE 1:5 scaled WaveSax has
been tested at sea and EPF has followed the commissioning of the prototype control system validating the
performance of the electro-mechanical conversion system, tested with the in-house dry test bench.
Coherently with its company mission, EPF has been also involved in the design of control systems for Wave Energy
Converters with its “WEQUAD FRAME” project, financed by Wave Energy Scotland (WES). The company has proved
the feasibility of its technology applied to different Wave Energy Converter technologies.
In the 2018 EPF starts a collaboration with the University of Campania “Luigi Vanvitelli” with the goal of developing
and installing the hydro turbine PTO for the WEC OBREC (Overtopping Breakwater for Energy Conversion) in
Naples.
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1.2 The REFLOW Project
Starting from the company claimed experience in very low head hydro power plants and from the experience
gained during the 2017 in the wave power field, the company has developed a 1:2 scale WEC prototype complete
with hydraulic turbine PTO. The starting point of the 1:2 prototype design was the results of the 2017 Tests in
Aalborg, financed during the first call of the MARINET2 programme, throughout which was tested a 1:20-1:40
prototype with basic functionalities. The tests contributed to the validation of the working principle and of the
related lumped parameters time-domain nonlinear model. In addition to verifying the hydraulic turbine PTO
working principle, the company is focused on having information about the mechanical loads on the structure and
on gathering higher-quality hydraulics data.
As a first step in the prototype design, EPF developed a pre-design spread sheet to identify the main prototype
geometrical features and to size the hydraulic turbine. During this stage, within a process of improving the
prototype hydraulic behaviour and increasing the device capacity factor, has been identified an up-grade and
geometrical optimized configuration, suitable for an on-shore installation. This configuration has been identified
by the company as the ideal way to progress towards higher TRLs reducing as much as possible the project
associated risks.
Moving forward in the design process, the first lumped parameter model, tested during the Aalborg Tests, has
been integrated with the hydraulic turbine to check the system performance in non-static context. The lumped
parameter model and the first principle analytical model have been compared to validate the goodness of the
components sizing. This is coherent, consistently with the development and evaluation protocol standard (OES-IA
Document nº T02-0.0).
Once the device geometric features have been defined, the company focus its attention on the preliminary
evaluation of the mechanical loads on the structure. To this end, EPF has developed a CFD VOF model which has
been useful to identify the constructive specification of the prototype structural parts.
The wealth of experience gained with RSE and WES projects, helped the company to develop a reliable control
strategy capable of guaranteeing the optimization of the system performances.
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1.3 The Infrastructure
The infrastructure accessed for the tank tests has been the Large Wave Flume (GWK) of the Forschungszentrum
Küste (FZK), operated by the Leibniz University Hannover and the Technical University Braunschweig. As the name
suggests, it is an infrastructure of relevant size, where projects in big scale can be handled.
The flume is 307.0 m long and 5.0 m wide, with a height of 7.0 m. It has been filled with 3.91 m of water. The
2D waves generated in the project were both regular and irregular (with JONSWAP spectra). The tank has a wave
generator of the piston type with an installed power capacity of 900kW.
The REFLOW WEC waves were regular waves with a period range of [2.8 s, 4.9 s] and a height between [0.1875
m, 0.625 m] and irregular waves with a peak period between [2.8 s, 4.9 s] and a significant height of [0.1875 m,
0.75 m].
The tank provided the construction of a vertical wall in a section of the flume at about 100 m from the wave
maker, so that the boundary conditions were those characteristics of a caisson breakwater vertical wall. In order
to measure the generated wave, the reflection and absorption effects, 8 wave gauges were installed at different
places of the flume, as shown in Figure 1 - Wave flume section with wave gauges

A video camera was installed at the side of the prototype and was synchronized with the data acquisition software.
In Figure 2 - Wave flume installation pictures some pictures of the overall tank setup are shown.
Always following the specifications of the project, an entire set of 10 pressure sensors was installed in the
prototype (Figure 3), both for measuring the external wave structural loads both for measuring the internal water
levels, in order to evaluate the gross head available to the turbine.
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WG 1.1
(50.00 ; 0.6)

WG 1.2
(51.90 ; 0.6)

WG 1.3
(55.30 ; 0.6)

WG 1.4
(60.00 ; 0.6)

Figure 1 - Wave flume section with wave gauges

Figure 2 - Wave flume installation pictures

WG 2.1
(87,17 ; 0.6)

WG 2.2
(96.17 ; 0.6)

WG 3
(96.17 ; 2.5)

WG 2.3
(96.77 ; 0.6)
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Figure 3 - Pressure sensors provided by the tank infrastructure

Sensors 2,9,10

Sensor 6

Sensors 1,7,8

Installation procedures

Figure 4 - Pictures of pressure sensors and installation

Marinet2 – REFLOW, Rectified FLOW Wave Energy Converter

1.4 Stage Gate Progress
The objectives realized during the project can be categorized among the Stages 2 and 3 of the development and
evaluation protocol standard. The final installation site is in fact in the Mediterranean area and the project chosen
scale was 1:2. The big scale and the large infrastructure enabled to work in conditions close to the real
environment, thus dealing with features of the full functional system, such a realistic PTO and generating system
or to deal with the development of a control strategy to be used in irregular sea states. In particular, a challenging
power electronic issue was solved during the test phase.
Previously completed: ✓
Realised through REFLOW WEC 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)
• Restricted degrees of freedom (DoF) 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
• Initially 2-D (flume) test programme
• Initial indication of the full system load regimes

Status
✓
✓
✓
✓
✓
✓
✓

Stage 2 – Design Validation
• Accurately simulated PTO characteristics
• 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

✓



✓

✓

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 validate electrical supply quality and power electronic requirements.





The REFLOW WEC project was designed to take a fundamental step forward in the technology development. It
followed the long design phase of the wave energy harvester principle and its technical implementation; as
previous steps in the development project, a complete design procedure was prepared, involving simple firstprinciples spreadsheets, time-domain lumped parameters numerical models and three-dimensional CFD analyses
for assessing structural loads. After the previous experimental campaign validated the working principle and the
first hydrodynamic numerical models (FLOREM project, funded by MARINET2 program), it was then time to
validate the entire design process: up to the electric generation.
The main objective and the main outcome of the REFLOW WEC project are thus the electric generation and the
production of the expected amount of electric energy with a satisfying correlation with the numerical model. A
wave-to-wire design procedure is now at disposal of the company for designing a full scale operational pilot plant.
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2 Wave Energy Conversion Concept
Also following the analysis of the interesting outcomes of the project, some patents are currently under writing
procedure and some are under review. At this stage it is not possible to share any detail or images about the
power conversion concept.
The innovative EPF concept will nonetheless be a kind of Oscillating Water Column device, introducing some
elements for rectifying the water motion into a subsystem of the device.
The idea of making the flux uni-directional and using a first passive, fully hydraulic, power conversion step, rises
considering the CAPEX and OPEX costs associated to the rectification of the motion or power flux in more
conventional WECs. The challenge is to build a sort of low-performance WEC with a very low price, trying to obtain
a competitive final LCOE.
In particular, the PTO is designed to have a very satisfactory maximum over average power ratio, also reducing
at minimum the losses due to the PTO cooling system.
Finally, always looking at the overall efficiency, reducing the elements in the conversion chain facilitates the
possibility of having a final higher conversion efficiency.
As principal draw back, the system will not be able to resonate with the incoming sea state, thus reducing the
converted power.
This project represented an intermediate step in the analysis of this challenging wave energy project, enabling
the installation of the tank prototype in a port protected area for a more accurate evaluation of the OPEX costs.
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3 Outline of Work Carried Out
A general overview of the activities performed during the REFLOW WEC project is presented in Table 1, where it
is possible to see the temporal organization of the activities performed during the tank access.
In general, the activities can be divided in three phases:
-

Transportation
Prototype/tank setup
Testing phase

3.1 Transportation
The prototype and the associated small switchboard were designed to be easily transported in a company van,
that was loaded/unloaded with common forklifts both at the company place both at the FZK structure.

3.2 Prototype/Tank Setup
Objective of this paragraph is to illustrate some of the main setup operations for installing the prototype on the
vertical wall in the flume previously prepared by the tank infrastructure team.
After the preparation of the pressure sensors attached to the structure (Figure 4), the prototype was lifted by one
of the flume cranes and transported up to the wall section. Here it was lowered up to the installation point, where
four threaded holes were previously drilled. The structure was thus fixed with screws in pre-bored holes in the
structure holder.
Then, all the electric connections (sensors, power electronics) were cabled.
Once all the connections were completed, the flume was filled of water up to 3.91 m and the setup was ready for
the tests.
In Figure 5 some pictures of the procedures are proposed.
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Figure 5 - Pictures of the setup procedures
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3.3 Testing Phase
The testing phase of the prototype (WP 3 in Table 1) can be divided in 6 sub-groups of activities that had to be
sequentially accomplished.

3.3.1

Set of tests: 1 – Hydrodynamic conversion performances

In this set of tests, the configuration A was tested. The two turbines were closed and the hydraulic performances
of the rectification system were explored. Both regular and irregular waves tests have been performed. The
gathered data can lead to the identification of some efficiency parameters characteristic of the system under test.

3.3.2

Set of tests: 2 – Nominal conditions

In the second set of tests the two turbines were opened and tested in parallel and alternatively. In a first part the
performances of the system were analysed with the nominal regular wave, both in the regular and irregular
version. This phase was fundamental for assessing the functionality and properties of the system, and it lead to
the understanding of a lot of the physics of the system.

3.3.3

Set of tests: 3 – Control system development

Following the previous set of tests, it was now possible to work for developing and verify the control laws
implemented with the numerical model. Different control systems both for the regular and irregular waves were
tested. Fundamental outcome of this phase was the identification/development of the optimal control law, that
can be used for maximising the electric and mechanical power of the system and that can work profitably both
for the regular and the irregular sea states.

3.3.4

Set of tests: 4 – Maximisation of the system electric performances

During these tests the control system was parametrised to optimize the electric power gathered by the prototype.
This power does not correspond to the maximum power recovered by the scale prototype because of the different
efficiencies of a scale and a real power plant. It was nonetheless useful to maximise the electric power output for
understanding the actual possibilities of this small prototype to be itself a product.

3.3.5

Set of tests: 5 – Maximisation of the system mechanical performance

During these tests the control system was parametrised to optimize the mechanical power gathered by the
prototype. Once scaled, this power directly corresponds to the mechanical power gathered by a full-scale power
plant. Adopting the correct efficiencies, it is thus possible to estimate the power output of a final pilot plant in the
1:1 scale.

3.3.6

Set of tests: 6 – Special configurations and video recording

This last small set of tests was very important in assessing the potentialities of the prototype since some major
changes in the configuration were done. Also, during this phase some videos with special cameras were recorded
from particular perspectives in order to have a qualitative understanding of some of the aspects involved in the
power conversion and rectification.
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3.4 Performed tests
Object of this paragraph is to provide an overview of the tests performed during the campaign. These are divided
in regular and irregular waves. Main objective was to have matrices of testing conditions describing the operational
area of the converter, at this stage thus excluding a survival analysis. It can be noticed that for the nominal regular
(T=3,5s, H=0,375m) and irregular (Tp=4,2s,Hs=0,5m) waves there were performed much an higher number of
tests. As already said, this wave was used for studying several aspects of the system, and numerous parametric
and configuration analysis were performed in this known configuration.

Regular Waves
T (s)
2,80
Test

H (m)

3,50
Test

N.1 test – config. A N.1 test – config. A
0,1875
0,250 N.3 test – config. B N.3 test – config. B
N.1 test – config. A
N.1 test – config. A
N.17 test – config. B
N.3 test – config. B
0,375
N.1 test – config. C
N.1 test – config. A N.1 test – config. A
0,5
N.3 test – config. B N.5 test – config. B
N.1 test – config. A N.1 test – config. A
0,625 N.3 test – config. B N.5 test – config. B
0,75

Number of tests:
Test duration (#waves):
Wait Time:
Overall Time:

101
75
200
14

4,20
4,90
Test
Test
N.1 test – config. A N.1 test – config. A
N.1 test – config. B N.1 test – config. B
N.3 test – config. B N.14 test – config. B
N.1 test – config. A
N.3 test – config. B

N.1 test – config. A
N.5 test – config. B

N.1 test – config. A
N.3 test – config. B
N.1 test – config. A
N.4 test – config. B
-

N.1 test – config. A
N.4 test – config. B
N.1 test – config. A
N.4 test – config. B
-

s
hr

Irregular Waves
Tp (s)

0,1875
0,250
0,375
Hs (m)
0,5
0,625
0,75

3,50
4,20
Test
Test
N.1 test – config. A
N.1 test – config. A
N.2 test – config. B
N.2 test – config. B
N.2 test – config. B
N.1 test – config. A N.19 test – config. B
N.7 test – config. B N.1 test – config. C
N.1 test – config. A
N.27 test – config. B
N.2 test – config. B
N.8 test – config. B

Number of tests:
Test duration (#waves):
Wait Time:
Overall Time:

2,80
Test
-

84
200
600
33

s
hr

4,90
Test
N.2 test – config. B
N.2 test – config. B
N.2 test – config. B
N.4 test – config. B
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The overall number of tests performed was 185, 101 for regular waves and 84 for irregular waves. This is coherent
with the project objectives, considering that all the more sensitive tests important for the REFLOW WEC have
been correctly performed and the data was logged and is available for post processing activities.
A last consideration about the choice of the sea states to be explored is due. The choice of the wave periods and
height have been performed considering that the system is in scale for testing in wave conditions characteristic
of the Mediterranean resource, that is where the company would preferably focus its current plans and future
actions.

Figure 6- The prototype installed on the vertical wall of the tank, for different wave heights and periods.
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Table 1 - Experimental campaign activities table

October

November

Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue

WP
1
2
3

#

Description
Travel/Transportation
2.1 Setup prototype in tank
2.2 Setup electric/control system
3.1 Configuration A
3.2 Change to Configuration B
Trbn A different speeds @ NWR
Trbn B different speeds @ NWR
Trbn A @ NWI
Trbn B @ NWI

4
5
6

3.3 Trbn A + Trbn B @ R/I
Control System Development
3.4 Electric Optimization Matrices
Mechanical Optimization
3.5
Matrices
3.6 Configuration C and Videos
Data Analysis/Post Processing
Dismantling and van loading
Travel/Transportation

Legend:

NWR - Regular Nominal Wave
NWI - Irregular Nominal Wave

13 14 15 16

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1

2

3

4

5

6
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4 Synthetic Results
In this section adimensionalised synthetic results of the tests are shown. Looking at the irregular waves, the
average mechanical power harvested from each turbine, the overall average electric power and the gross head
between the two chambers is evaluated for each sea state and system configuration.
The main outcomes of this analysis are thus maps proving the power conversion capabilities of the of this machine
in converting the oscillating water motion of waves into electric power. A set of maps is shown in the following
and some conclusions are drawn and presented.
The following results are obtained analysing the experimental data gathered during the 3.3.4 series of tests. In
particular, they are showing the adimensionalised performances and the structural loads on the structure
happening for a whole matrix of regular sea conditions and with the control setup for maximising the electric
power harvested by the system.
The first two matrices show the adimensionalised average power harvested during the tests. It is easy to see the
common trends showing that more power is harvested for waves with longer periods and higher heights. The
effect of wave height being of primary importance for the power absorption.
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In the following table, the average overall harvested electric power is shown, with a trend very close to the
previous.

In the following two tables the average available head between the two chamber is presented. The “LS” and “RS”
names stay for the values being evaluated using the pressure sensors of the two sides 1,7,8 or 2,9,10. The
accordance between the values obtained means that the water level measurement and evaluation is robust enough
for the purposes of the current project.
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In the last 4 tables the maximum pressure measured for each of the 4 sensors measuring the structural loads are
presented. These results showed a good match with the three-dimensional CFD simulations performed with the
OpenFOAM VOF method.
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5 Main Learning Outcomes
Other than the large amount of data obtained (almost 200 tests with different configurations), the REFLOW WEC
project brought some key breakthrough experiences and innovations to build up the know-how required to the
development of the technology:
-

-

-

following the design, the component procurement and the construction, a first estimation of the CAPEX
of the machine is now considered reliable and the costs associated with the different subsystems are
much clearer than before
an empirical validation of the concept and its design procedure, from wave to wire
the verification of the seaworthy shape of the structure and the identification of its weaknesses
identification and quantitative analysis of structural peak loads (comprising splashing waves)
identification and development of an innovative control strategy able to deal with different irregular
sea states
confirmation of the analogy between regular and irregular design waves (conversion methodology and
same wave-to-wire performances)
a deeper comprehension of all the conversion steps, among which we can mention the waves to unidirectional hydro flow, the hydro-mechanical turbine efficiency and the electro-mechanical generator
efficiency.
a step forward in the power electronic comprehension and the validation of the electric and power
conditioning system
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6 Further Activities
Following the promising results of the experimental campaign, the planned activities are all focused to the
verification of the remaining open points about the operation and maintenance costs of the technology. A first
evaluation of the OPEX costs is in fact required for completing the knowledge required for the confident design of
a true-scale pilot power plant. Also, object of further activities will be the analysis of the structural resistance for
extreme events.
After having confirmed the interest of a Mediterranean port to host the small prototype in its area, the company
is currently completing the administrative documentation for the formal permission to install the device in the port
protected zone, where it could be exposed to waves up to 1.5 m of significant height. This will hopefully lead to
the confidence of the robustness of the structural part and to the verification of reasonable maintenance costs
with a low rate of maintenance interventions.
In parallel, having received some interests from offshore companies in micro electric power sources, the company
is considering to build a floating version of the concept, building up the existing experience with the power
conversion concept.
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7 The Team
Giacomo Vissio, M.Sc. in Mechanical Engineering and Ph.D. in Wave Power field at Polytechnic of Turin (Italy).
Giacomo completed his PhD at Polytechnic of Turin and during the same period worked as consultant for Wave
for Energy Srl. He is now working in EPF Elettrotecnica Srl as R&D wave power engineer, where he leaded a
project for Wave Energy Scotland about control systems and joined the design of the WaveSAX and OBREC power
take off systems. He is now responsible of the project for the development of the EPF wave energy converter.
Alberto Dalmasso, M.Sc. in Electrical Engineering at Polytechnic of Turin. Alberto is a 10 years experienced control
engineer with a strong background in electrical applications and long-term experience in research and
development applications. Among the other experiences, coordinated a mixed university and industries group
devoted to software development activities for Rome the subway. In recent years he was involved in both high
and low-level software architecture design and implementation. He is now working as specialist in EPF
Engineering/R&D department. He is the responsible of the WaveSAX electric PTO system.
Alessio Maestro, M.Sc. in Mechanical Engineering at Polytechnic of Turin. Alessio is an experienced technical office
manager with a 4-years involvement in the Heating, Ventilation and Air Conditioning (HVAC) field. In last year he
joined the wave team in EPF Elettrotecnica Srl, mainly dealing with the numerical modelling and being the
responsible of the mechanical and material design of the prototype. He is currently involved in the design of the
OBREC power take off system.

Figure 7 – The EPF Team: Giacomo, Alberto and Alessio at the GWK
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