






Summary
Introduction

Since the awareness that the conventional energy sources will run short, the use of various renewable
energy sources has been investigated, these are solar, wind, ocean and geothennal energy. Quite some
countries are interested in wave energy conversion. In several countries some full-scale wave energy
converting pilot plants have been tested. Some of these are still operating.

Several types of wave energy converting devices exist. There are some methods to classify these
converters. According to their size and orientation three types can be distinguished: (I) point
absorbers, devices which are small compared to a typical wave length, (2) tenninators, wide structures
perpendicular to the incident waves and (3) attenuators, long structures parallel to the wave
propagation.

It is expected that in future, a number of point absorbers, installed some kilometres offshore will be
used as large wave power plants. The advantage of these point absorbers is that they can capture wave
energy from a larger width than the width of the structure.

At present, an useful power plant is the in Norway developed tapered channel, TAPCHAN. The
waves are converted by a rising channel into potential energy and subsequently by a turbine into
electricity. Also the combination of a breakwater with wave energy conversion converting devices is
expected to have good prospects. This study deals with the design of wave power converting
breakwaters.

Wave power converting breakwaters

Three types of wave energy converting devices have been investigated for the combination with a
breakwater. Potential energy converting devices, flap type devices and oscillating water column
devices. Oscillating water column devices have a good perfonnance, while they are able to convert
large wave power values and they are not sensitive to damage. It is concluded that these devices are
most suitable for combination with a breakwater.

Two types of oscillating water column (= OWe) devices can be discerned: (1) devices with a single
air chamber above a column and consequently one particular resonance frequency or (2) devices with
in front of the chamber a 'harbour' such that the devices become multi-resonant. In Japan, Sakata Port,
a wave power converting caisson with only an air chamber has been constructed. The British
inventors expect that a breakwater with 'harbour' type devices has the best prospects. These devices
are placed at intervals in the breakwater and operate as point absorbers.

In this study the 'harbour' type devices have been investigated. Several theories (mainly numerical
methods) exist to model the hydrodynamic characteristics of 'harbour' type devices. Most theories
show roughly the same results. Comparison of the results of the different theories and several designs
of 'harbour' type devices has been made possible by dimensionless presentation of design parameters.
In that way, general applicable design rules have been derived. With these rules, the dimensions of a
'harbour' type device can be detennined without the help of complicated numerical methods.

Design of a Wave Power Converting Breakwater for the Port of Bilbao

With the derived design rules, a wave power converting breakwater has been designed for the Port of
Bilbao, North Spain. Two design conditions are investigated, namely (1) the ultimate limit state
(V.L.S.) required for the stability and strength of the breakwater and (2) the serviceability limit state
(SLS.), for functioning of the breakwater for sheltering Bilbao Harbour and for wave power
converSIOn.
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For the V.L.S. the maximum wave height and the corresponding wave length have been determined.
For the S.L.S. the wave height, length and direction and their accompanying probability of occurrence
are discussed. The wave steepness, a relation between wave length and height, is derived to estimate
the wave power, corresponding to a particular wave length or height.

The 2280 m long designed breakwater consists of 38 caissons. In the middle of each caisson a
'harbour' type owe device is situated.

The stability of the caissons has been calculated by the theory of Goda, with some modifications. For
the sections with device, the impulsive pressure is assumed to be zero. For the sections without device
modification for the sloping top have been used. The stability of a total caisson is calculated by the
average stability of the caisson sections, proportional to the part of the caisson that is occupied by the
device.

When the caissons have a sloping top and a length of 39 m, a width of 60 m and a crest height of + 17
C.D., they are sufficiently stable against sliding and overturning. Also the average maximum and
minimum rubble mound stresses are not exceeded. The width of a device is 13.75 m and in each
device a tandem type Wells turbine of I MW is installed. This means that the total installed capacity
of the breakwater is 38 MW.

During winter periods the operating performance of the devices is considerably better than during
summer periods. Yearly, about 80 GWh of electricity is generated (2.2 GWh per device). This study
shows that it is possible to make a design of a wave power converting breakwater, by using the
derived design recommendations. Even for locations with very rough sea conditions, like Bilbao, this
type of breakwater is feasible.

For Spain, the costs of the generated electricity are probably too high, but for locations with relatively
high electricity costs and no large electricity demand, this type of breakwater can be successfully
employed as commercial power plant.

At present a wave power converting breakwater with an installed capacity of 38 MW would be the
largest wave energy converting power plant of the world. The construction of such a breakwater,
followed by operation with a good performance, will result into more confidence in wave energy
conversion.
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