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Abstract

This study aims to expose the role of point absorber converters and how these converters use
wave energy to create electricity. Starting from general information about converters, the study
aims to classify them according to constructive criteria and define the mode of operation of one
point absorber converter. The provisions presented in this studio represent the current state of
point absorber convertors, helping to understand and increase the utility of these equipment
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Introduction

According to the studies done by the International Maritime Organization, by 2050, the
total decarbonization of the maritime sector is desired. Thus, in order to reach this point, it is
necessary to use renewable energy sources, being the cleanest option, having 0 carbon
emissions.

In the case of the maritime sector, the use of wave energy represents the most suitable
source of renewable energy, having a great potential in the generation of electricity. This
resource is considered to be less exploited, assuming that wave energy could statistically
exceed the energy consumption.

Compared to other renewable energy sources such as wind or solar energy, the advantages
of using wave energy are vast. Firstly, wave energy provides more power than solar or wind.
Secondly, this renewable energy allows for more usage time, being available approximately
90% of the time. Lastly, the energy stocked from the waves presents a higher predictability in
comparation with the other resources.

Wave energy is formed as a combination of solar and wind energy. Thus, the sun heats
the air, this temperature change causing wind. Wind acting on the water surface creates waves.
An interesting fact is represented by the density of this energy, being much higher because it
results from the combination of the other two renewable energies. An advantage in the use of
wave energy is represented by the integration of conversion devices with other renewable
energy transformation equipment. To be as efficient as possible, these devices are small in size,
managing to capture energy even from low-energy seas.

Classification of point absorber convertors

Point absorber convertors are defined as floating oscillating bodies. They consist of a
buoy and a fixed reference, oscillating body or seabed. Through a power take-off, the relative
movement of a buoy relative to a fixed reference captures wave energy. Likewise in the case
of a submerged oscillating body that becomes a two-body point absorber (Figure 1).
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Figure 1 shows the classification of point absorber converters. Thus, they can be
classified from the point of view of construction, installation or mode of operation.
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Figure 1 Classification of Point Absorber Convertors, Source: Journal of Marine Science and Engineering

Depending on how they were designed, they can be single-body or multi-body (Figure
2). Single-body converters captures the energy between the buoy and a fixed point. This point
can be, for example, the bottom of the sea. Multi-body converters are defined by capturing the
energy resulting from its movement between two bodies.
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Figure 2 Single-body point absorber
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Figure 3 multi-body point absorber

Analyzing from the installation point of view, the converters can be floating or
submerged (Figure 3 and 4). Floating converters are defined by a floating body, which interacts
with the water surface and is anchored to the seabed. The captured energy is formed following
the oscillations of the floating body in relation to the anchor point. Submerged converters
capture energy similarly to floating converters, the difference being the positive buoyancy of
the converter.

Figure 3 Floating point absorber converter
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Figure 4. Point absorber convertor submerged

Discussing the mode of operation of converters, they can be single-mode or multi-mode.
Single-mode converters are represented by a single point, while multi-mode ones are generally
attached to a semi-submersible structure to which several floating bodies that capture wave
energy are attached.

Depending on the area where these point absorber converters are located, opt for the most
suitable according to the classification. If we are talking about rough water, or in general in off-
shore areas, we go for the multi-body point absorber, in order to capture as much of the energy
of the waves as possible. If we are talking about calm water, with few waves, it is recommended
to use a point absorber submersible and single-body converter. Thus, the converter must
efficiently capture the energy it transforms.

Hydrodynamic modelling of point absorber converters

One-point absorber converter is one of the most efficient wave energy conversion
systems. It captures the vertical motion of the waves and converts it into electrical energy. The
hydraulic PTO mechanism is the most mature one for wave energy conversion, comprising
hydraulic cylinders, pipes, regulating valves, accumulators, hydraulic motors, rotary
generators, etc (Guo et al, 2022).The design of the converter being a compact one, such
equipment is used especially in the off-shore industry, having an increased efficiency (Figure
5).
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Figure 5. Functional scheme of the one-point absorber converter

One point absorber converter consists of float, power take-off system along with
hydraulic and electrical circuits and control system. The float is positioned at the top of the
equipment. The energy captured by the float from its moves, it is transferring to the conversion
system.

The power take-off system converts the mechanical energy from the float into electrical
energy. Into hydraulic circuits, the hydraulic pressure comes out from mechanical energy. The
hydraulic cylinder

This process compresses the fluid within the hydraulic system, generating uniform
pressure. In the third stage, the mechanical energy is further transformed into electrical energy.
The hydraulic piston, previously set in motion by the float, activates a generator, producing
electricity. The resulting current is alternating and has a variable frequency. To ensure stability,
the fourth stage involves voltage and frequency regulation through electronic systems. An
inverter and rectifier convert the fluctuating energy into a stable direct current. Once the
electrical current is stabilized, it is either stored or distributed through the control system, which
continuously monitors and optimizes performance. In the second stage, the movement of the
float is converted into the mechanical force that acts on a hydraulic piston. Thus, the fluids in
the system are compressed, forming an uniform pressure. In the third stage, mechanical energy
is converted into electrical energy. Thus, the piston previously actuated by the float, activates
a generator, producing electricity. The previously obtained current is alternating and its
frequency is variable. From this point of view, it is necessary to stabilize the electricity, which
is realized in the fourth stage. Electronic systems stabilize voltage and frequency. The inverter
and rectifier transform the oscillating energy into constant electric current. Once constant
electric current is obtained, it is stored and distributed through the control system, being at the
same time monitored and optimized according to its performance.
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Implementation of Point Absorber converters in the North Sea. A case study: WaveEL

Wave energy is a renewable energy source with great potential, especially in the
northern regions of Europe, where maritime conditions are ideal for tapping this resource. A
concrete example of the use of this technology is WaveEL, a system developed by Swedish
company Waves4Power. This device has been tested and installed in the North Sea,
demonstrating that it can convert wave energy into electricity with high efficiency.
Waves4Power — the company behind the WaveEL project

Waves4Power is a Swedish company founded in 2008 that specializes in developing
systems that convert wave energy into electricity. It is based in Gothenburg, Sweden. The
company's main goal is to reduce carbon emissions by creating sustainable solutions for clean
energy production.

— e — —

. Figure 6. WaveEL working principle

The WaveEL system is a type of energy converter called a Point Absorber, which uses
a vertical float to capture wave motion. This float is connected to a linear electrical generator
through a mechanism called Power Take-Off (PTO), which converts the oscillatory motion of
the float into electricity.
The vertical motion of the float is described by the fundamental equation of oscillations:
d?z
MW = _pgAD + Ap(Z, t) - Fdisipare - FPTO

unde:

M — total mass of float, including mass of added water;

A- cross-sectional area of float x

D — the float depth;

p — seawater density;

g — gravitational acceleration,

Ap(z,t) — pressure variation with position and oscillation time;
Fyisipare — €nergy dissipation through radiation and friction;
Fpro — the force exerted by the PTO system.


https://techniumscience.com/index.php/ecogeomarine
https://techniumscience.com/index.php/ecogeomarine

Technium Technium EcoGeoMarine Val. 2, pp.1-9 (2023)
EcoGeoMarine ISSN: 2971-8112
www.techni umscience.com

The power generated by the PTO system is given by the relation:

P =Fpro-v
unde:
P — power generated;
v — vertical float speed. By optimizing the PTO system, WaveEL maximizes energy extraction
according to varying wave conditions, thus improving conversion efficiency.

Implementation and performance in the North Sea

In February 2016, the WaveEL system was installed near the Runde Environmental Center in
Norway. This was the first grid-connected wave energy project in Norway with a capacity of
100 kW. The system was anchored to the seabed and connected via a submarine cable to the
terrestrial grid.

Figure 7. WaveEL in the North Sea

Experimental data and performance
Tests have shown that WaveEL can operate effectively in waves of 1.5 - 5 meters in height and
with a period of 6 - 10 seconds. Below are some values measured during testing:

\Parameter HVaIue \
[Frequency of float oscillations|[0,1 — 0,3 Hz |
|Average power generated |50 — 200 kW]
]Efficiency of the PTO system H?O — 85% \
Advantages and limitations
Advantages

» high efficiency - the system can capture wave energy even in variable weather

conditions;
» long lifetime - materials used are resistant to corrosion and mechanical stress;

» easy integration - WaveEL can be connected to existing offshore electricity
grids.

Limitations
v" high installation and maintenance costs - the equipment needs to be serviced regularly
to keep it running optimally;
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v’ efficiency dependent on ocean conditions - areas with small or irregular waves are not
ideal for this technology;
v’ the need for an advanced PTO system - to extract as much energy as possible, the
system needs to be constantly optimize.
WaveEL is a successful example of harnessing wave energy in the North Sea. Tests show that
the system can provide stable and efficient electricity with high potential for large-scale
deployment. As an environmentally friendly technology, WaveEL can become a viable
alternative for reducing dependence on fossil fuels and developing renewable energy sources
in maritime regions.

Conclusions

Point absorber converters are becoming an increasingly better solution for the production
of electricity from renewable energy. Having a high yield, this renewable energy source is ideal
for exploitation in the maritime field. Thus, it is considered that this can be a solution for the
total decarbonization of the maritime sector.

Among the advantages of using point absorber convertors, can be count the direct
conversion of energy, having a high yield, the adaptability to different weather conditions and
the easy integration of these systems into solar and wind systems.

From the point of view of disadvantages, the high costs for equipment maintenance stand
out in particular. Being exposed to extreme conditions, their durability is affected, requiring
early maintenance to extend their lifetime. At the same time, the efficiency of such a system
depends on the type of water, so in areas with small waves, the efficiency of this system is low.
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