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Abstract—This paper presents an open platform developed
for the teaching of Chemical Processes stressing the syner-
gistic effects of combining in the same platform different
tools and also different subjects. The benefit for the students
of the approach followed is discussed, namely on what con-
cerns knowledge integration. The results of a questionnaire
which has been filled by the students during the last four
school years are presented. Access to the platform is con-
tinuously monitored and will be reported here.
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L INTRODUCTION

Presently, one of the main concerns of educators is to
lead their students to develop analytic capabilities and
autonomous and critical thinking. This is, of course, of
maximum importance in the case of Engineering, since
engineers are required during their professional life to
integrate complementary knowledge and to work in mul-
tidisciplinary teams. In addition, engineering students
need to develop a practical approach to the subjects ad-
dressed, in parallel to the scientific background.

These facts have been acting as driving-forces to moti-
vate engineering educators to develop new teaching meth-
odologies. In the field of Chemical Engineering online
laboratories have been under development since the
1990s. This is the case of the on-line labs of the University
of Tennessee, USA (http://chem.engr.utc.edu/) or the
work developed in the Massachusetts Institute of Tech-
nology, USA
(http://groups.csail.mit.edu/mac/projects/icampus/projects/
ilab.html) and the work of the University of Cambridge,
UK (http://www.cambridge-mit.org/project), as a result of
the Cambridge-MIT partnership program. A review paper
by Kadiyala and Crynes [1] provides an overview of the
effectiveness of information technologies in education. In
fact, these tools facilitate the development of additional
teaching strategies for simulation, demonstration, experi-
mentation and operation, to mention just a few, contribut-
ing to engage students and to developing a truly active
learning attitude [2]. This leads us to conclude that by
using different resources the dynamics in the classes can
increase.

However, the web laboratories and simulators men-
tioned above are limited in the sense that each of them
only deals with a specific subject, for instance, transport
phenomena, unit operations or control [3-6].

In the Chemical Engineering Department of the Univer-
sity of Coimbra the strategy was to develop a web portal
for the teaching of Chemical Engineering which focuses
on a wide range of subjects and brings together multime-
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dia libraries (theoretical and basic information), simulators
and on-line experiments, both presented as videos and
remote control experiments [7]. This platform was devel-
oped as a result of a cooperation between the universities
of Coimbra and Porto, in Portugal.

II. LABVIRTUAL

The integration of Chemical Engineering subjects was
our uppermost objective but other learning outcomes can
be achieved with this multipurpose portal:

e by dealing with more realistic problems (open-ended
and multidisciplinary), simulators help obtain solu-
tions within a reasonable timescale in class or at
home, and train critical and creative thinking while
also preparing students to optimize process designs.

e in mini-projects, students can improve existing pro-
grams, which can then be introduced back into the
platform with two purposes: developing computer
programming skills, establishing input/output rela-
tionships and enhancing structured thinking.

e virtual labs complement real labs: the latter give stu-
dents “hands-on” exposure, where they can feel the
equipment and how it operates; the former help pre-
pare the student to be more productive in the real
laboratory.

e the students are encouraged to use the simulators
section as a guide for the treatment of the data col-
lected in the lab, so that they realize better how and
why to treat the experimental data in a certain way,
and how to withdraw the correct and most important
information from it.

o the students can experience an industrial control room
based on LabVIEW® computer interfaces; they can
also explore operating scenarios which might not be
easily or economically studied with real equipment.

The Bologna Process suggests a reduction of formal
lecture hours and stresses the importance of autonomous
work. Thus, this type of approaches have assumed an
increasing importance to help students in their learning
process. The portal presented here, LABVIRTUAL
(http://labvirtual.eq.uc.pt), directed to the teaching of
Chemical Processes, which was made available on-line for
the first time in the school year 2009/10, is an example of
one of such tools. The portal was developed in Portuguese
because it is aimed for Portuguese-speaking students,
including those from African, Latin America and Asian
countries, with the objective of strengthening links with
universities from those countries, contributing to the in-
crease of the already existing students’ mobility.
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Figure 1. Scheme of the platform LABVIRTUAL.

The portal includes four different areas: Chemical En-
gineering, Chemical Processes, Virtual Experiments and
Simulators. The Chemical Engineering area addresses the
general public, enabling students from the basic education
levels to obtain information on what Chemical Engineer-
ing is about, Chemical Engineering History, new devel-
opments in Chemical Engineering and also new trends in
Chemical Engineering Education. The home page in-
cludes a section directed only to secondary school stu-
dents, where engineering problems involving concepts
already taught at the secondary school level are presented.

The Chemical Processes area comprises four sections:
Unit Operations and Separations, Chemical Reaction,
Process Systems Engineering and Biological Processes, as
shown in Fig. 1. These sections deal with chemi-
cal/biochemical processes and present fundamental con-
cepts and applications aimed at leading the students to
understand, for instance, how different operating condi-
tions result in different process designs, or which alterna-
tives are available for a certain process. Moreover, each
section includes case studies illustrating some of the fea-
tures of the applications developed.

The case studies were constructed in order to guide the
students in the use of the simulators, namely leading them
to understand the choice of the most adequate models to
perform the design of the process under study, as well as
the limitations of each model. The Simulators section
comprises so far 20 different simulators related to the
different processes. In some modules, a database of phys-
icochemical properties for a limited set of chemicals is
available and simulations can be performed for different
feed mixtures. Modularity is also explored in several
cases, with process simulators accommodating several
more fundamental modules. For instance, there is an
autonomous module of vapor-liquid equilibrium to per-
form calculations such as the boiling point of a liquid
mixture, which is also invoked within the distillation
module, where large scale equipment to separate a liquid
mixture is simulated.

The Virtual Experiments section deals both with the
laboratory visualization of the basic phenomena related to
the processes presented in the other sections, and with the
remote monitoring of laboratory experiments. Addition-
ally, these visualizations will also be used to help students
to better prepare their lab classes, in order to take the
maximum benefit from them.

These complementary tools lead the students to a better
understanding of the processes addressed which, in fact,
correspond to different courses from the Chemical Engi-
neering curricula at the University of Coimbra. They can

perceive better how chemical/biochemical processes are
dependent on a few basic mechanisms, which are visual-
ized and discussed in the videos available in the portal or
on the real lab experiments. Moreover, the multi-
functional web platform presented allows taking advan-
tage from the combination, in a single platform, of the co-
existence of teaching tools for a broad range of Chemical
Processes, which motivates knowledge integration. By
using the platform the students should be able to: under-
stand and relate basic concepts and principles associated
to each process; establish analogies between different
processes; understand, apply and know the limitations of
the modeling methodologies commonly used to interpret
and troubleshooting industrial problems; have an idea of
the impact of operational parameters on equipment design
and cost. This makes it easier to introduce the students to
more practical and realistic approaches to Chemical Engi-
neering problems.

III. WEB METHODOLOGIES

The Web infrastructure of the Virtual Laboratories of
Chemical Processes is based on standard open-source
software. This approach allows similar functionalities to
existing commercial software, with good flexibility for the
specific needs of the Portal. A Virtual Server is used that
can integrate contents from various sources and present
these contents in a consistent way to the user. Most of the
materials available are stored in a Content Management
System (CMS), for flexibility and to simplify the inclu-
sion of new material. Joomla! was used for this task. Pre-
defined presentation templates simplify the addition of
new contents and the management of several kinds of
information, such as texts, images, forms, lists, etc.

The integration of simulators and data acquisition sys-
tems with the Web portal is a critical point. The simula-
tions are entirely run on the server and the user just needs
a regular browser to access and interact with the platform.
Since, as referred, the CMS used allows the construction
of customized templates for the presentation of informa-
tion, the integration with the simulators is made by devel-
oping forms to visualize and manage real-time data, and
for the insertion of input parameters used by the simula-
tors to run calculations and for presentation of the results
to the users. This layer validates the user input and exe-
cutes a system call to autonomous simulation codes. As a
result of a successful simulation, graphical and numerical
results can be returned, to be displayed on the web page.
The communication between the computational applica-
tions and the web platform itself is done through a simula-
tion gateway using a CGI (Common Gateway Interface)
protocol.
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Simulators were programmed having special attention
to the purposes of the Portal:

e the use of calculation methodologies and concepts
given in classroom providing a better integration be-
tween the fundaments and applications;

e the support of the user through helps that provide
error and warning messages in the case of unfeasible
situations or impossible chemical/physical conditions;

e supply flexible programs with a fair number of op-
tions that allow the solution of more realistic and
open-ended problems;

e to promote teamwork, critical and creative thinking
by providing open-code programs to the students in-
stead of black-box programs. The student is chal-
lenged with individual and team mini-projects to cre-
ate or improve existing codes.

IV. ASSESSING THE USE OF THE PLATFORM

The LABVIRTUAL platform is being used, since 2009,
in the Chemical Engineering curricula of the University of
Coimbra in several courses, such as Transport Phenom-
ena, Chemical Thermodynamics, Reaction Engineering,
Process Separations, Control Engineering and Biological
Processes, all courses either from the 1% or 2™ cycles in
Chemical Engineering, according to the Bologna scheme
(see Rasteiro et al. 2009 [7]). Depending on the character-
istics of the course, the use of the platform can be optional
or compulsory and the students have been using it not
only for autonomous study but also to solve homework
assignments. In some of the courses the students are also
required to apply their programming skills: for instance, in
mini-projects, students have to modify the current simula-
tors for other, more complex, applications and/or condi-
tions.

According to the philosophy behind its construction,
the web site can be used in the classroom to illustrate the
design and operation of process equipment, for instance to
show the influence of operating conditions, feed charac-
teristics, etc. on the design outcome, or even to evaluate
the validity of different models used for the design. The
teacher can, as well, use the simulators to illustrate the
influence of fundamental concepts on the design of proc-
ess equipment. Simulators help obtain solutions within a
reasonable timescale and allow training critical and crea-
tive thinking. In fact, one of the main objectives of the
Portal is to provide a practical approach for chemical
processes, to the students, which are guided to evaluate
the influence of operating conditions on equipment de-
sign, analyze the results obtained and compare them with
those in the literature.

After this first contact with the facilities of the platform
in a certain course, the student can go on using the site on
her/his own, taking advantage of the case studies included
there, which guide them on the use of the simulators, and
help in illustrating the phenomena described in the fun-
daments section, as well as to solve new problems. Stu-
dents are supervised by the teacher in their home assign-
ments, discussing with them the results obtained. Fur-
thermore, the student can use the available tools to solve
other assignments (design problems) or even, at a later
stage, use modules of the simulators (which will be made
available to them) to build more complex programs re-
quired to deal with more elaborated design problems.
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In several sections of the Portal the basic concepts of
Chemical Engineering such as Thermodynamics, Heat and
Mass Transfer and Chemical Kinetics, which are treated
autonomously, are later recalled in those sections dealing
with process and equipment design. In this way, the stu-
dents are led to understand better the basic mechanisms
behind the different chemical processes, integrating basic
concepts with the design and selection of process equip-
ment.

Moreover, the processes selected for inclusion in the
portal are quite typical of Chemical Industries and also
equally important for Bioprocesses. Furthermore, the
strategy behind the construction of the platform is, for all
the processes considered, to guide the student from the
easiest to more complex approaches and models.

In the case of the Process systems Engineering (PSE)
section, which develops methodologies for systematic
decision-making in chemical processes, besides the sec-
tion on instrumentation and sensors, there is a section
directed to control theory and applications, dealing with a
range of different process control strategies. Another
section addresses the use of methodologies of process
integration and optimization, in the context of rationaliza-
tion of energy and utility usage in the process industries.
A simulator is provided, for fast determination of pre-
defined efficiency targets, once the basic concepts are
mastered.

The main philosophy behind the construction of the whole
platform is to lead the student to be able to integrate a
large range of concepts of chemical engineering, opposing
the normal tendency for fragmented learning and knowl-
edge.

Another important feature of these methodologies (web
tools) is the possibility of their use in lifelong learning, in
particularly the facilities of the multimedia libraries and
the process simulators. Though at the University of Coim-
bra we have not been exploring this feature, so far, it is
believed, based on the extensive access the platform has
been receiving monthly (since it was made available on-
line in 2009 there has been an average of 30000 vis-
its/month, largely exceeding the universe of our students)
that the platform is already being used for knowledge
update.

Since the Portal was first introduced in the teaching of
several Chemical Engineering courses from the Chemical
Engineering Masters degree from the University of Coim-
bra (2009), we have been monitoring the use of the Portal
by the students and their opinion about the tools available,
asking them to fill out an anonymous questionnaire in
each course. The questionnaire is very similar for the
different courses, only with slight variations. Fig. 2 (a)
presents the questionnaire which is being used in the
courses of “Separation processes I and II”” and “Reaction
Engineering”. The questions address different aspects of
the learning experience, students frequency and purpose
of use, which facilities they have used, as well as the
evaluation of the interface and of the structure of the por-
tal.

Here, as an example, the results for the students re-
sponses to the questionnaire handled in the Process Sepa-
rations course are shown in Figure 2 (b), for the four last
editions (since 2009), corresponding to a total of 140
respondents.
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1. Have you used the Virtual Laboratories?

Yes (1 No[OT

2. Have you used the Virtual Laboratories as a support (o your study?
Yes (1 No [

3. Have you used the Virtual Laboratories to do design projects?

Yes (1 No[J

4. What is your appreciation of the Virtual Laboratories
(section of Unit Operations and Separation Processes)?

5. What 1s your appreciation of the Virtual Laboratories
(section of Chemical Reaction)?

5.1: A) Useless B) Rather useful C) Useful D) Very useful

O O c O
5.2: A) Badly structured B) Well structured C) Very well structured
O O -

6. Have you used the Virtual Laboratories in other disciplines?

Yes [0 No[

7. How do you classify globally the Virtual Laboratories platform

4.1: A) Useless B) Rather useful C) Useful D) Very useful A/l Weak; Efvery good?
O O d O A0 O c¢cO bpOd EC
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Figure 3. Statistics of accesses to LABVIRTUAL in 20111/12
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The students response was, as a whole, very positive: 82%
had used the platform in the Process Separations I disci-
pline and about 91% had also used it in other subjects.
Moreover, it was observed that the majority of the stu-
dents had used LABVIRTUAL as a support to their study,
with most of them using the platform several times. An-
other good point was that a vast majority of the students
considered the Unit Operations and Separation Processes
area of the platform as useful, very easy to use and very
well structured. Globally, LABVIRTUAL achieved a very
good rate among the students enquired.

At a different level, LABVIRTUAL has been receiving
a very good acceptance from the public, in general, with
an average of 30000 visits per month, from which about
65% are from foreign Portuguese-speaking countries like
Brazil, Angola and Mozambique. Fig. 3 shows the statis-
tics of visits for 2011/12. As referred previously, we have
information that, at least some areas of this teaching tool
are being used in a number of universities from Portu-
guese speaking countries, especially from Brazil, as well
as in Brazilian companies like PETROBRAS.

V. CONCLUSIONS

In general it is now commonly accepted that web tools
are important complementary instruments for the teaching
and learning process. They can be accessed with maxi-
mum flexibility, from any place at any time, and contrib-
ute to the students autonomy. The experience of using this
multi-purpose platform, during four school years, has
been evaluated very positively by the students, based on
the questionnaire which is handed yearly to the students in
each course. Additionally, this site is intended to be a
dynamic Web Portal open to share experiences with other
schools and educators.

Moreover, the features described contribute to give the
student an integrated approach to Chemical Processes,
leading them to an easier integration of knowledge ad-
dressed in different courses. Furthermore, the teacher can
use these tools in the classroom, namely the simulators, to
illustrate in an easy way several concepts, for instance
how operating conditions influence the design of process
equipment, or to discuss with the students how the choice
of one or another model can influence the final design,
depending on the characteristics of the system. This
makes it easier to introduce the students to more practical
and realistic approaches to Chemical Engineering prob-
lems.
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The experience of both teachers and students shows
that the tools available allow addressing more realistic,
open-ended and multidisciplinary problems, helping in
training critical and creative thinking and in improving
students’ autonomy.
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