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To be competitive against other renewable energy sources, wave energy needs to reduce the associated levelised cost of energy. In literature, it has been proven that
advanced control algorithms can increase power production and device reliability. They act throughout the power conversion chain, from the hydrodynamics of wave
absorption to the power take-off to improve the energy yield. However, the lack of field test results of advanced control algorithms does not allow to clearly assess the excepted
benefits. The present work highlights the performance assessment of two algorithms operating during the sea trials of the biradial turbine installed in the Mutriku
Wave Power plant. Among them, a receding horizon predictive algorithm was operative and its performance assessed against an adaptive controller. Its implementation
was enabled thanks to a real-time wave measurement sensor installed in front of the plant and giving information of the future incoming waves used during the optimization
process. The overall electrical power production could be increased by 30% while assuring the safe operation of the Power Take-Off (PTO) components.

In order to investigate the performance of the control algorithms in the best
condition, the plant includes the folowing features on chamber #9:
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On-site real-time wave resource assessment by an up-wave measurement
Installation of the biradial turbine connected to a 30kW induction generator

Full plant and PTO instrumentation

Development of the general safety control environment

Additional PC for the online optimisation in the predictive algorithm
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CL2 in operation at Mutriku during 2018-06-18 19:05 t0 19:08 :
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Validity of the numerical model by Fourier Transform on some
operative data against measured values:
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Spectra of IWS velocity
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IWS stands for Internal Water Surface and p*is the dimensionless relative pressure

Convergence of the control parameters:

1073 Evolution and convergence of ctrl parameters

WMM

1571

05

0 5 10 15
Time [hr]

26
24
© 1+t 10
2.2
2

Time [hr]

Qualitative comparison

CL1

CL2

+ Simple and efficient for a wide range of

sea states

Optimisation function takes into account
all the energy transformation chain

Only takes into account average turbine
power in the offline optimisation

On site implementation needed an
additional PC for the computation

Note: Both rely on the accuracy of the W2W model.
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Both control laws tested here are variable speed controllers relying on a torque-
speed curve aiming at setting the turbine at its best operation point:
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Tctrl = a ) b :

v In CL1, the baseline controller, the torque law
coefficients [a, b| are obtained using a Wave-to-
Wire model describing the hydrodynamics of one
chamber and the turbine characteristic curves.
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v" The predictive law CL2 uses the knowledge of oLl s T
the incoming waves to optimise online the best . St rad
combination of coefficiencts using the cost Fig. 1 Parametrisation of CL1 control parameters
function:
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Toh : Prediction Horizon period

Fig. 2 Receding horizon control algorithm

Post-production results of a 2-week testing

Thanks to the real time wave
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For each of the 7 sea states studied And here is the improvement
in this period, the average electrical brought by the predictive control

power outputs of CL1 are plotted. CL2 compared to CL1.
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v The predictive controller improved the >
power production between +15% to
+80% with a weighted average of +30%

v How is this possible ? EE—)

» By changing the Torque Law coefficients, © .} j Lt
the controller better adapts to changes of P el
environmental conditions and plant - ]
response. Omega [rads]
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Conclusions and future works

v' The Mutriku Wave Power plant has been used for 1 year as laboratory for
the sea trials of the biradial and control strategies to control it.

Two variable speed control laws were tested including a predictive one
With support to operational data, the predictive law proved to produce 30%
more in average during 2 weeks of tests.

v This algorithm will be deployed in the Marmok buoy installed in BIMEP
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