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Ocean wave energy, as a renewable and clean energy source, has significant
potential for electricity generation. The decline of fossil fuel resources and their
environmental impact have increased the need for renewable energy sources. In this
review article, the operating principles and history of the Wavebob wave energy
converter, along with the latest research findings in this field, are examined.
Furthermore, a comparison between the performance of the Wavebob converter and
other wave energy converters is conducted to clearly identify their features and
differences. This study addresses the advantages and limitations of the design and
performance of this converter, analyzing its strengths and weaknesses in various
geographical and temporal conditions. According to the results of this study, it has
been shown that the Wavebob wave energy converter, with its simple design
featuring two oscillating bodies (one fully submerged and the other semi-
submerged), has the capability to generate 1000 kW of electric power in real-scale
applications. This converter is anchored to the seabed using two cables, resulting in
lower repair costs compared to other models due to reduced damage risks. This
article explores the operating principles and the design and construction history of
the Wavebob wave energy converter, as well as the findings from the latest research
conducted on this subject.
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Introduction

Energy is a fundamental reason of economic and social progress. With the global population growing
and economies expanding, the demand for energy is increasing at an unprecedented rate. Projections
indicate that by 2050, global energy demand will rise by 70% compared to 2014 levels. This growing
need poses significant challenges as fossil fuels, the primary source of energy, are depleting rapidly
while contributing to severe environmental issues such as greenhouse gas emissions and climate
change. Consequently, transitioning to renewable energy sources has become a necessity rather than
an option [1].

Among renewable energy options, ocean energy which includes wave energy, offshore wind, and
tidal energy holds vast potential due to its abundance and predictability. Wave energy, in particular,
stands out as one of the most promising options, offering high energy density and the ability to provide
a reliable, clean energy source. Over the past two centuries, wave energy research has advanced
significantly, resulting in the development of numerous devices to harness wave power. Among these,
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point absorbers have attracted attention for their efficiency in absorbing wave energy from all
directions [2].

The Wavebob Wave Energy Converter represents a breakthrough in point absorber technology.
This device consists of two oscillating bodies: one fully submerged and the other half-submerged.
These bodies move relative to each other under the influence of wave forces, and this relative motion
drives a power-take-off (PTO) system to generate electricity. Operating in deep waters, the Wavebob
is designed for locations 10-25 kilometers offshore, at depths exceeding 100 meters, and can produce
up to 1000 kW of electrical power at full scale. The device also employs a unique mooring system
with two cables connected to the seabed, minimizing repair costs and improving durability compared
to other technologies [2, 3].

Methodology

This paper examines the principles, development history, and operational features of the Wavebob. It
also evaluates its performance compared to other wave energy converters and explores its strengths
and limitations. Early research on the Wavebob began in the late 1990s, with scaled prototypes tested
in controlled laboratory environments. Initial tests, including those at scales of 1:50 and 1:20,
demonstrated the feasibility of the device in capturing wave energy. Subsequent field trials in real
ocean conditions provided critical insights into its efficiency and performance [4]. The Wavebob’s
design includes two oscillating bodies with distinct hydrodynamic properties. The upper body is half-
submerged and features low inertia, while the lower body is fully submerged with high inertia. These
contrasting properties enable the device to create significant relative motion between the two bodies,
which is converted into electrical energy by the PTO system. The PTO system uses hydraulic
cylinders and gear mechanisms to transform the mechanical energy into rotational motion, driving a
generator [5]. Comparative analysis of wave energy converters highlights the Wavebob’s competitive
edge. As a medium-sized device, it produces substantial power in deep waters while maintaining lower
maintenance costs due to its mooring design. However, its relatively high production cost remains a
challenge [6].

Conclusions

Based on the analyses and results obtained from comparing different wave energy converters, it can be
concluded that the selection and design of wave energy converters must be carried out with precision
and consideration of local and climatic conditions. Larger converters installed at shallower depths
produce more power but also require specific conditions and incur higher installation and maintenance
costs. On the other hand, smaller converters may produce less power but can be used in various
geographical conditions. A thorough examination of the performance differences of converters across
different time periods can lead to improved designs and increased efficiency of these systems.
Furthermore, it has been found that the Wavebob wave energy converter, as a successful example of
wave energy converters, demonstrates the capabilities of this technology in converting wave energy
into electrical energy. However, the high costs associated with designing and constructing these
converters remain a significant challenge for the development of this technology. Technological
advancements and cost reductions could provide a solution to enhance efficiency and expand the use
of wave energy in the future.
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1. Pierre-Simon Girard
2. Power Take-Off (PTO)
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