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Abstract. The present work reports on a simple
pedagogic exploration of a photovoltaic solar kit
which aims to demonstrate the operation of a
mobile orientable photovoltaic solar energy
collection system employing a robot built with
Lego parts.

Portugal is one of the European countries with
the most favorable conditions for solar energy
arnessing. It is therefore important to raise
awareness and explain to young people across
the country how photovoltaic panels work and
the different and best ways to use them.

Although in Portugal the production of energy
through photovoltaic systems is still relatively
low, there is a strong growth potential also by
the decreasing purchase prices, namely of
silicon photovoltaic panels both polycrystalline
and monocrystalline.

The need arises to include in the education of
Portuguese students different aspects related
to renewable energy. The use and exploration
of the activity herein reported aims to contribute
to this effort by making young students aware
of how photovoltaic solar systems work.

With this demonstration students will explore
how and how much electricity is produced by a
photovoltaic solar panel and its dependence on
the panel orientation the season and time of the
day. We expect this type of activity to awaken
in young people the interest and curiosity in the
area of renewable energies so that in the future
they can use, promote the use and contribute
to the development of renewable energies and
to our world’s sustainable development.
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1. Introduction

Fossil fuels are still unfortunately being used
extensively for the most varied forms of
generating energy [1]. However, as fossil fuels
are exhaustible and very polluting there was a
pressing need to create new, cleaner and

preferently inexhaustible forms of energy
production [1-4]. With this need, the so-called
clean energies emerged, such as solar, wind,
hydroelectric, among others [2].

Renewable energies have an increasingly
important weight in energy production around
the world. The sun, and solar energy, is one of
the main sources of renewable energy that has
seen a great growth in electricity production
over the past few decades. Since solar energy
is a natural and inexhaustible source it is one of
the best existing energy alternatives.
Photovoltaic solar energy [5] appears as a
valuable alternative in the production of
electrical energy through the wuse of
photovoltaic panels that convert solar energy
into electrical energy [6]. In recent years
photovoltaic (PV) solar panels are being
installed at an increasing pace worldwide. On
figure 1 it is shown the evolution of the
cumulative photovoltaic solar installed capacity
in the world on last 20 years and the forecast
until year 2050 [7].
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Figure 1. Historical values and future projections
of cumulative installed solar PV capacity
worldwide[1]

Photovoltaic solar energy brings several
advantages, such as:

e It is an energy that does not pollute
during its exploration;
e  Solar radiation is abundant and free;

e  Production plants require little
maintenance;
e Panel technology is increasingly

advanced, being increasingly efficient
and more affordable;

e Solar energy is a good solution for
places where there is no electricity grid.
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However, using solar energy also has some
disadvantages such as:

e Energy production is highly dependent
on the meteorological situation;

e During the night there is no production
which leads to the need of acquisition of
energy storage means;

. In winter, many countries suffer from
sudden drops in energy production;

e The forms of solar energy storage are
inefficient when compared to other
energies.

In Portugal the sun shines all year around
for several hours each day. The average
number of effective hours of sun in Portugal is
of 7.2h. Of course, this number changes along
the year been higher in the south of the
country. However, the conditions are very good
throughout the country and year in Portugal [8]

(Fig. 2).

Figure 2. Average daily solar radiation in
Portugal (NOCTULA, Consultores em Ambiente) [8]

2. Educational robotics

Educational robotics can be characterized
by being an educational system that makes
students to develop various skills in different
areas through hands-on challenges [9].

This method can be considered a
meaningful pedagogical tool, since a large
majority of the students tend to more easily
engage with the execution of experiments, thus
actively processing information.

Practical experimental activities have long
been one of the most effective ways to lead
students to a successful science and
technology learning [10-11].

Educational robotics has a multidisciplinary
nature, which enables the development and
implementation of a new technological culture,
at the different levels of education, developing
students' creativity through hands-on
experimentation. Students can create and
develop various types of robots that allow them
to solve different problems and create
multidisciplinary projects, thus highlighting one
of the main objectives of tducational robotics™
which is the creation of active learning
environments based on student committed
enrollment. It can be seen as a comprehensive
tool, which can be used at different levels of
education and as a way to address different
content and which can be integrated into
teaching from a constructivist perspective.

According to Antonio Valerio Netto [11], the
main pedagogical advantages of robotics are:

e Develop reasoning and logic in the
construction of algorithms and programs
for controlling mechanisms;

e Favor interdisciplinarity, promoting the
integration of concepts from areas such
as: mathematics, physics, electricity,
electronics and mechanics;

e Allow testing on physical equipment
what they have learned using in theory
or in “model” programs that simulate the

real world;

e Transform learning into something
positive, making the principles of
Science and Technology very

accessible to students;

e Encourage reading,
research;

e Prepare students for group work;

o Encourage the habit of organized work,
as it develops aspects related to the
planning, execution and final evaluation
of projects;

e Helping to overcome communication
limitations, making students verbalize
their knowledge and experiences and
develop their ability to argue and
counter-argue;

exploration and

e Develop concentration, discipline,
responsibility, persistence and
perseverance;

e Stimulate  creativity, both  when
implementing ideas and during the

process of solving problems;
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e Make the student aware of science in
their daily life;

o Develop self-sufficiency in seeking and
obtaining knowledge;

o Generate skills to investigate and solve
real problems.

3. Robotics and solar energy

The use of robots and robotics to introduce
solar energy in educational contexts is not new
[10].

In this work an activitiy involving the use of
components of LEGO [12-15] robotics kits is
used to measure the amount of electrical

energy produced by a PV solar panel
depending on its orientation.
PV solar panel
- ES
Motors and
Robot control gansus
unit (Lego NXT)
= - Voltmeter

Figure 3. Robot controlled orientable
photovoltaic prototype

It is well known that the amount of solar
energy reaching the surface of the earth
depends on many different factors including
altitude and latitude. As well the number of
hours of day light also changes along the year.
In Portugal the number of hours of effective
daylight varies roughly from slightly below 5 in
December and January to well above 10 hours
in June and July. The direction of illumination of
sun light also depends on the hour of the day
and on the location. Students know that by
personal previous experience and can easily
assess and confirm it using the mobile
orientable photovoltaic prototype proposed for
this work (figure 3).

The students can program the robot that
controls the position and orientation of the PV
solar panel to not only scan the different
directions in order to optimize the solar energy
collection at a particular instant but also to
adjust that positioning along the day, the weeks
and months on a particular location. The
voltage generated by the photovoltaic solar
panel can be registered to further analysis and
or to give feedback to the robot. This first
contact with artificial intelligence, even at a very
basic level, is a valuable experience for the
students.

4. Conclusions

Increasing the awareness and knowledge
about sustainable development and the use of
renewable energy sources among Yyoung
people is crucial to our modern societies.

It is of utmost urgency to increase scientific
literacy in these subject in our society. Working
with younguer generations is fundamental.

To use hands-on investigative activities in
interdisciplinary  contexts may effectively
engage students in an active commitment in
learning about these subjects.

Adding the novelty of robotics and artificial
inteligency to the study of the physics of
electrical energy production with photovoltaic
solar panels adds to the motivation of the
young learners in creative and critical thinking
education environments.
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