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1. First meeting with Christian Liebelt and Yves Rosefort
The first meeting, held in August, started with an institutional presentation by the ESTGV VicePresident. Followed by a presentation and discussion of the project tasks, a visit to the Pellets Power
factory and to the ESTGV labs.

During this meeting a first analysis of the available installation scheme was made, that is
represented in Figure 1. Energy balances were addressed and the points and quantities to measure
were identified:
1 - exhaust gases output (mass flow rate, temperature, pressure, lambda);
2 - exhaust gases recirculation (flow rate, temperature, pressure);
3 - fuel in the furnace (mass flow rate, composition, relative humidity);
4 - exhaust gas output (temperature, pressure, lambda);
5 - gas in the dryer (temperature, pressure, relative humidity);
6 - gas outlet from the dryer (temperature, pressure, relative humidity can be assumed 100%);
7 - after the cyclones (temperature, pressure);
8 - chimney output (temperature, composition);
9 and 10 - inlet air (primary and secondary) - check the possibility of evaluating the mass flow rate
through the fan diagrams).
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Figure 1: Real installation diagram obtained in the operations control center.
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Some sensors and data acquisition systems, namely lambda probes (Bosch LSU 4.9 or Innovate
LC2), temperature, pressure and relative humidity sensors, pitot tubes and DataLoggers were analyzed.
In DataLoggers issues, two approaches were considered: the use of an existing one (at the University of
Applied Sciences Dortmund) or the construction of one, from the “Arduinos” (referred by Yves
Rosefort) or “Raspberry Pi” (referred by Stefan Göessner), which eventually could be included in
courses of Electrotechnical Engineering.
It was considered interesting the determination of the thermal losses of the Pellets Power
installation, by using the laws of Heat and Mass Transfer.
It was also agreed that the group of students directly involved in the project would have a
counterpart in Dortmund, with the same tasks, that could communicate by Moodle, Skype, or another
platform to share some data, information and results.
At the end of the two-day meeting some issues related with the scheme of the installation (Figure 1)
and about unknown information were discussed, such as:






the information about the inlet air at the top of the furnace;
the type of measurement instruments which are installed;
the type of data that the factory monitoring system acquires and registers;
the possibility of access to the piping for installation of measuring equipment (drill holes, for
example);
the possibility to change the recirculation flow rate of the exhaust gases.

Furthermore, the measurement of the fuel gas composition and the proximate and ultimate
analysis were also discussed. Perhaps, the Environment Department will do these analyzes, or if the
costs justifies, they can be made in Germany.
Regarding to the measurement of the exhaust gas composition, it will be necessary check the
availability of Institute Polytechnic of Castelo Branco to do the FTIR analysis.
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2. Learnin’s Creatin’ Workshop – 13th and 14th of September
The Learnin’s Creatin’ workshop was held at School of Technology and Management of Viseu,
room 21, was attended 38 participants.

The first part of the workshop consisted on a presentation of Professor Francesc Xavier Giménez
Font (Barcelona’s University), with the title “Let´s make high academic performance possible”. There,
was explained and discussed in detail the active learning methodology - SABER (Annex 3).
On the second part, the participants were informed about how this type of methodology should
work on a regular class (Annex 4). So that later they could form a group and solve an activity sheet
related with chemical bonding, an example is shown in annex 5. The main goal of this stage was to
simulate a real class of active learning.
On the last part of the workshop, some IPV Professors presented cases of Active Learning and
Educational Modernization applied on their classes at the school.
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When the workshop was concluded, Xavier Gimenez and Edmundo Marques met to discuss the
involvement and participation of the students in solving some of the specific problems of the factory,
by using active learning methodologies, in particular, SABER methodology. It would be stimulating to
create an activity sheet for tasks of acquisition, analysis and interpretation data. The correction of this
sheet would be at charge of the senior researchers that accordingly with the results obtained from the
data would promote some actions of coaching, which would facilitate the analysis and discussion
between the students.
The operationalization of this activity, would not allow all the students to move to the factory,
but it could be based on a “peer learning logic”, in which a select group of students would visit this
factory, compiling data and complementary information to disseminate and discuss them among
colleagues. This same data/information would be also shared with students from University of Applied
Sciences and Arts, Dortmund – Germany, which would be studying the same problems. Resulting on
the development of a relationship between students, from both countries, by exchanging the
information collected.
The participation of students on the production of prototype’s equipment, is by itself an active
methodology, thus small groups of mechanical engineering students focused on the design and
construction of those prototypes are an active way of learning.
On the next day, the participants of the workshop visited two sites, Câmara Municipal de Mortágua and
Pellets Power, followed by a presentation session of IPV projects that was made in Aula Magna – IPV,
during the afternoon.
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Annex 1 – Flowchart of Pellets Power
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Annex 2 - Workshop Program
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Annex 3 - SABER Methodology
The main disadvantage of traditional classes, in scientific fields, is that 75% of the students
disconnect from the lecture, due to the complexity of the subject and difficulty in following the teacher's
speech. The methodology, SABER, consists in a process of teaching mathematics and science through the
resolution of doubts and autonomous work. This methodology propose the total replacement of the
traditional classes.
The intention of this method is developing a new teaching material, for each of the subjects, that
allows students to understand the content once they’re alone.
The work in the classroom is organized around the activity sheets, which involves all the subjects
addressed in the course. These sheets contain the tasks that students must carry out, as well as all the
necessary activities that provides all the stages of the student's autonomous work. The work is done in the
classroom so that the teacher can answer the eventual doubts, as the students progress on their studies. If
necessary, additional work outside of the class must be done, in order to complete the activity. The
solution of them will be available after the deadline.
The activities involved in this methodology have all the necessary materials available. However, the
students are free to use as many sources of information as they need, in order to develop their personal
sense of initiative.
Even though the activity sheets are made in groups, they must be delivered individually to the
teacher. Due to the elevated number of work submited by the students, the teacher will only correct 2 or 3
from each of them.
With this methodology, the teacher ends up answering more doubts than before, passing from 3 or 4
questions to 50, per class. Of course when different groups have the same doubt, then there is a joint
explanation.
It’s intended with the application of this active learning methodology to maximize students'
dedication, supervising their autonomous work.
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Annex 4 - SABER Methodology – class operation (SP and EN)
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Educational Innovation
Implementation of SABER Methodology

Chemistry / Physics / Engineering
Instituto Superior Politécnico de Viseu, Portugal
Topic: Chemical bond

Function of the Classroom


The Activity Sheets (AS) are made in groups of 3 or 4 students. The schedule of all ASs, that compose
the course (between 10 and 15), is public and known since the beginning of the course.



The students write an individually report, which contains the answers of the questions raised by each
activity sheet.



The answers of the questions should be obtained accordingly to what was consulted: classrooms,
exercises or previous practices, notes, books, and highly advised, the internet. Therefore, hypotheses
cannot be made without being supported by them.



All the answers should include the source of information, where they were obtained.



The reading and questions, that the activity sheets include, are worked in group. The necessary
arguments are discussed between members of the same group, and also between the different groups.



Everything that is not understood, reading, questions and sources of external information, must be
requested from the teacher.



The act of questioning is a part of the learning process: in any case the questions will serve as an
evaluation criterion. It’s, therefore, necessary to translate ANY of them that may arise, while working on
AS.



Before deadline, the answers to the activity sheets are delivered through the Virtual Campus.



Three days after deadline, the teacher's answers of the AS will be available.



Students should complete their answers, explaining in detail the similarities and differences between
them and the teacher's answers, as well as the causes of those differences. Once completed, they will
be delivered, again, through the Virtual Campus, before the new deadline.



A week later after the second delivery, students must answer to a (short) on-line questionnaire, which
will evaluate the content of the AS. These questionnaires will be answered outside of the classroom,
except in the individual cases that the teacher requires, which will be done in person.



If necessary, the completion of the AS should be done outside of the classroom. The second version of
them, which includes the analysis and comparison between answers, will be also carried out after the
working hours.
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Annex 5 - Activity sheet – chemical bonding (SP)
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Activity sheet – chemical bonding (EN)

CHEMICAL BONDING
_______________________________________________________________________________________
This topic will address the chemical substances and their properties. We will explain that these properties are due to
the type of chemical bond, which is established between certain atoms that compose it. We will see that these
bonds can be classified in three main types: covalent, ionic and metallic. Finally, we will learn to predict the
properties of substances, depending on the position of the constituent atoms in the periodic table of the elements.

_______________________________________________________________________________________
We will start the subject with a reflection:
Question 0: How many different chemical elements are there? How many different chemicals
substances are there?
We well know that everything around us, wants the air that we breathe, the walls of the classroom, tables,
chairs, plants, humans, … are constituted by atoms.

Question 1: If everything is constituted by atoms, why is the matter manifested in such different
shapes, colors, and textures? Make a simple hypothesis.
For example, let's compare an iron object with a few grains of cooking salt, as shown in the following
pictures:

Iron is a pure substance, composed of a single chemical element, Fe. In contrast, salt is a combination of
two elements, chlorine (Cl) and sodium (Na), known as Sodium Chloride, NaCl.
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The properties of substances
The different substances which constitute the world have different properties. For example, iron is gray
and shiny, and can have almost any shape. On the other hand, the salt is white, slightly transparent, and
can not be molded.
Of course, both substances are solid.
We also know that hitting an iron block with a hammer, it resists or slightly deformed. This property of iron
is the one used by the blacksmith to make many utensils. Instead, if we submit a grain of salt to the same
impact of the hammer, it breaks into hundreds of smaller fragments:

Question 2: Research in the literature why iron and salt behaves so differently in response to the
impact of the hammer.

On the one hand, it is known that iron conducts electricity. In contrast, salt it is not conductive, as well as
pure water.

Question 3: Draw and describe the necessary device, which contains a battery and a lamp, to check
if a certain substance conducts electricity.

However, salt is particular: if we dissolve it in water, the resulting mixture conducts the electricity. That is,
the mixing of two non-conductive substances leads to conduction. Iron, on the other hand, is not dissolved
in water, nor does it cause water to conduct electricity.

Question 4: Research in the literature the changes that occur, at molecular level, when a solid salt
dissolves in water.
The properties that characterize the substances, and which show how diverse their behavior may be, are
many: density, hardness, malleability, elasticity, melting temperature, … However, there are so many
chemical elements and so many different chemical substances, that it seems difficult, if not impossible, to
extract some pattern or rule of any kind: is it really possible to classify chemical compounds according to
their properties?
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Properties and composition
It is difficult not to reason that properties depend on the composition of substances.
Already the old thinkers had noticed this possibility. The Greek philosophers, for example, had proposed
that the properties of substances depended on the ratio with which the four primordial substances, the
water, the fire, the land and air combined.
Obviously, the vision of the old ones was surpassed by the accumulate knowledge. And that we cannot
make a hypothesis without having a good database, obtained analyzing different substances and observing
as its properties is modified for the mixture, heating, milling, distillation, etc.
Let us come back to our initial substances. The iron and salt have different aspects and properties because
they are substances composed of different elements: The same iron for the first, and chlorine and sodium
for the second. We must include, despite, more cases. For example, the salt, which is a white solid, can be
obtained from the direct combination of sodium, which is a metal solid when pure, with chlorine, a green
colored gas:

We have, then, that the union of a metallic solid and a gas gives rise to a solid white. It is therefore a very
relevant transformation, if we consider the initial aspect of the constituent substances as a starting point.
Let us go some more. Iron also gives rise to a transformation comparable to the case of sodium plus
chlorine: if iron, the metal solid, is mixed with chlorine, a substance with very similar properties to the
table salt is obtained. The iron chloride obtained from the chemical formula FeCl3 is a granular orange solid
with properties very similar to sodium chloride, except in color: behaves just like salt if hit with a hammer
and also dissolves in water, converting the liquid into a conductor of electricity.
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More data. Similar combinations give similar compounds. For example, when exchanging chlorine for
bromine and iron for another transition metal, granular salts very equivalent to the above are obtained.
Another very interesting aspect is that the way we get a certain compound is not important. For example,
iron chloride may also be obtained from the treatment of iron oxide, Fe2O3 and hydrochloric acid, HCl. It is
obtained again FeCl3, with the same appearance as the orange solid.
More than three hundred years of research devoted to the study of millions of substances allowed
collecting and classifying compounds in large families.
Subsequently, hypotheses about the atomic nature of matter and the study of valence electrons in atoms
have allowed us to present a relatively simple overview of how atoms are linked together.
The synthesis and classification of the main physicochemical properties led to the following classes of
compounds:


Ionic compounds: substances such as sodium chloride, potassium iodide, magnesium chloride ...
compounds with crystalline appearance, fragile and with high melting and boiling points. They are
water soluble, but are not in organic solvents like benzene. In a solid state, they do not conduct
electricity, but do it in dissolution, or when they fuse and pass into the liquid phase. Generally,
components consist of binary (two-element) combinations of elements that are at the ends of the
Periodic Table.



Covalent compounds: they are substances like oxygen, hydrogen, nitrogen, carbon dioxide, water,
ammonia... many of them are gases at room temperature and can be heated without
decomposing. They do not dissolve, or do it almost anything in the water, but are much more
soluble in benzene. They show points of low melting and boiling, and they do not lead electricity in
the liquid phase.



Metal compounds: substances that conduct well heat and electricity, and as pure substances,
constitute more than three quarters of the chemical elements. They have high melting points,
although in a wide range. Most of the metals shine, and they are easily deformable and therefore
ductile and malleable.
Question 5: Construct a table, which includes the properties of the three families of compounds
exposed in the above paragraphs.
Question 6: Propose an explanation, in terms of electrons of the last atomic layer, for the three
types of bonds.
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Diamond and graphite
If the composition of the substances leads to different properties, the way of how atoms bond together
also affects those properties.
An illustrative example is given by diamonds and pencil mines, that is, by the graphite that composes them.
Diamond and graphite are two substances formed essentially by a single chemical element, carbon. And,
instead, they cannot be more different. The first one is a precious stone, and the hardest compound
known, while graphite serves, among other uses, to write. Because of this, it is exfoliating, in other words,
it can be easily separated into thin sheets

Question 7: Find an explanation for the differences between diamond and graphite, in particular
the bonds between the carbon atoms. At normal temperature and pressure, which form is more
stable?
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Annex 6 – Workshop certificate
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