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We are surrounded by an incredible amount of energy every day!
Energy powers our phones, video games, and even our cars. But
where does this energy come from? Did you know it can come
from waves? All the waves that you see from the beach carry an
enormous amount of clean energy, and we can turn this energy
into electricity that powers our days. This is achieved by using
devices called wave energy converters. Just like a windmill produces
power thanks to the blowing wind, wave energy converters generate
electricity by harnessing the energy from incoming waves. Curious to
know how it works? Dive into this article and discover the world of
wave energy!

WAVES TO POWER YOUR DAY

Would you believe us if we told you that you could charge your phone,
power your computer, or run your car (if it is electric) using the very
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CLEAN ENERGY

Energy that comes
from sources that do
not create pollution or
harm the environment,
such as sunlight, wind,
and water.

ENERGY
CONVERSION

The process of
changing energy from
one form to another.

WAVE ENERGY
CONVERTER (WEC)

A device that catches
wave motion to
generate power.

GENERATOR

A machine that
converts energy from
one form to another. In
our case, the energy of
the WEC's motion into
electrical energy.

MOORING

A device or system, like
an anchor, buoy, or
cable, that holds a boat
or floating structures

in place.

same waves you see when you go to the beach? Ocean waves can
carry a lot of clean energy, and you have probably experienced that
energy yourself. If you ever used a bodyboard to catch a wave (or even
a surfboard, if you are more experienced), you have directly used the
energy available in waves to swirl yourself across the ocean. Even when
you are simply standing in the sea and a wave approaches, you can feel
a force pushing you...sometimes so strong that it makes you fall! As you
will find out by reading this article, wave energy can be harnessed to
power your daily life. This is the idea behind the world of ocean wave
energy conversion [1].

HOW MUCH ENERGY IS FOUND IN WAVES?

A lot of energy can be found in waves [2]. In fact, let us do a
quick estimate together: a single wave, very much like those you ride
with your bodyboard, can be used to power your phone more than
4,500 times in a day! (estimation based on the energy available in
waves with a 1-meter significant wave height and a 6-s energetic
period, per 1 meter of frontage, and the battery capacity from a
standard smartphone).

If we consider all the waves in the ocean, that is a lot of power! But
where is all this clean energy actually coming from?

Waves result from a combination of two other energy sources that
you know very well and experience nearly every day: the sun and the
wind. The sun is actually responsible for the wind. Sunlight heats the
Earth unevenly, causing warm air to rise and cool air to rush in, creating
wind. The wind blows over the surface of the ocean, very much like
an invisible hand “pushing” the water forward. At first, the water moves
just a little, making tiny ripples, like mini waves. But if the wind keeps
blowing, these ripples start mixing and joining together, getting bigger
and bigger, creating the waves you see rolling into the shore, crashing
against the rocks! Imagine blowing on a glass of water and seeing
the ripples and bubbles forming on the surface. When you blow, your
breath carries the energy that makes the water move, very much like
the wind does on the ocean'’s surface (Figure 1).

TURNING WAVE POWER INTO ELECTRICITY

So far, we have established that waves can be very powerful...but can
we turn this power into electricity? And can we do this efficiently?
The devices that perform this conversion task are called wave energy
converters (WECs) [3]. WECs are commonly composed of two main
parts: a large body, capable of moving with the waves, and a generator
(Figure 2). We will discuss both of these key elements in the following
paragraphs. But if a floating WEC is hit by big waves, how does it stay
in place without drifting away? The secret is the mooring system! This
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Figure 1

Wave formation
process. The sun
generates wind by
causing warm air to rise
and cool air to rush in.
The wind forms ocean
waves by blowing
across the ocean
surface, pushing

the water.

Figure 2

Two main wave energy
conversion concepts.
(A) Point absorber WEC
(spherical, in this case)
moves up and down
due to wave action. (B)
Terminator type WEC,
in particular a flap-like
structure, which moves
side to side due to
wave motion. Both
types are connected to
generators, which can
transform their motion
into usable electricity.
The difference between
the big wave
approaching the WEC
and the smaller wave
leaving it is a measure
of the energy the WEC
has successfully
converted. Researchers
make a constant effort
to design WECs so that
they are harmless for
fish and other marine
life.

PROTOTYPE

An early model of a
device created to test
how it works and to
make improvements
before creating the
final version.

Faedo et al.

Figure 1

system uses strong chains and ropes, similar to those used to keep
ships tied to the docks. These chains and ropes make sure the WEC
does not drift away, even when the waves are really strong!

Point absorber WEC Terminator WEC

Wave direction WEC motion
—_—

Wave direction
WEC motion

Figure 2

The WEC body moves up and down (Figure 2A), or side to side (Figure
2B), by the action of the waves, which generate a force over the surface
of the body. This movement drives a generator, which can transform
motion into electricity. Then, the electricity is carried to your house
with a long electrical cable. While WECs are not yet widely available,
some prototypes are already in use around the world, for instance
along the coasts of Italy and Scotland. Ultimately, we may see big
‘farms” of WEC systems, composed of several units close to each
other, to improve energy capture from waves.
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CONTROLLER

Software that directs
the actions of other
machines or systems to
pursue an objective. In
our case, the controller
aims to maximize the
WEC converted energy.

HOW CAN WE BOOST CONVERSION OF WAVE ENERGY?

As shown in Figure 2, WECs can be based on different principles. But
which one absorbs more energy? The answer is not as simple as you
may expect. The "best” WEC concept depends on the nature of the
waves themselves: although waves might look the same when we
admire them from the beach, each location on Earth can have different
wave formation characteristics. Some spots can have bigger or longer
waves, requiring different technology for their efficient conversion.
However, there is a “universal® tool that we can use to improve the
efficiency of any WEC, independently of its energy conversion method.
This mechanism is called a controller.

The controller is like a smart computer program (think of it like one
of the apps on your phone) that can tell the generator what to do to
improve energy conversion from the waves [4]. The controller helps
the WEC at just the right moment. If you observe Figure 2 closely, you
will see that the waves approaching the WECs are taller than the waves
leaving it. This difference shows how good the WEC is at turning wave
energy into the kind of energy we can use, and making that process
better is precisely what the controller aims to do!

Earlier, we explained how the generator turns the WEC movement,
caused by waves, into usable energy in the form of electricity.
More movement means more electricity. With this in mind, the WEC
controller does something very similar to what happens when you are
on a swing and you want to go higher: it acts just like someone pushing
you at exactly the right moment, to help you swing as high as possible!
The controller tells the generator when to give a push to the WEC,
to increase its movement and therefore boost the energy converted
(Figure 3).

WHAT DID WE LEARN?

You now know that the energy contained in ocean waves is almost
unlimited and can be used to power our daily lives! Wave energy can be
transformed into usable electricity using machines called WECs, which
are designed to convert the up-and-down (or side-to-side) motion
of a body in the ocean, moved by wave action, into electricity, using
a generator. Since waves can be very different across the globe, and
we would like to convert ocean energy everywhere, different types of
WECs have been developed. To make energy conversion as efficient
as possible, controllers come into play, optimizing the amount of
electricity WECs can transform from the ocean waves. So, keep your
eyes open for these amazing devices—you might see one floating near
your favorite beach very soon!
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Figure 3

WEC controllers help
the WEC to transform
energy more efficiently,
by giving a force to the
WEC at the right
moment. You can think
of the controller as
someone giving you a
little push when you
are on a swing and you
want to go higher. (A) If
you swing alone, your
movement will be
always less than if (B)
someone pushes you at
the exact right time,
helping you go as high
as you can. The WEC
controller essentially
does the same, by
giving a little push to
the WEC body at the
right moment to
maximize its
movement.
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