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Abstract

Chemical engineers develop their profession in areas in which design of processes and safety of
installations, equipment and procedures designed are especially relevant due to the impact and
consequences that a failure of these items represent. Therefore, curriculum of chemical engineers
chemical engineering should include these disciplines as a valuable skill. In the Universitat Politécnica
of Valéncia (UPV), design and safety competence training is worked in the curriculum of chemical
engineering degree through several subjects. "Experimentation in Chemical Engineering 111" (Elg3)
from 3" course, semester B and "Industrial Processes of Chemical Engineering" (P1IQ) from 4" course
semester A, are core courses specially focussed on the development of several activities to work
these skills.

In Elg3 students design a production process to obtain oil from almond for cosmetic purposes. This
design project includes: lab work to study and understand the stages of the production process and its
performance, drawing of block and flow diagram of the process by using Autocad and
recommendation of basic safety measures in the installation. In the following semester, students of
PIIQ study different production processes and design a process to obtain olive oil. This design
includes drawing of block and flow diagram of the full process, selection and justification of safety
measures needed and its implementation in the installation through its drawing in the flow diagram.
Safety is also strengthened through an activity of safety presentation about an item related to the
installation that students should prepare and defense.

This work collects and analyses the evolution of the learning level and its deepness into safety and
design skills through the analysis of the results obtained along the several control points stablished in
Elg3 and PIIQ courses. These control points are: deliverables of academic works at the beginning of
Elg3, assessment of design project and written exam at the end of Elq3 and academic results at the
end of PIIQ of several academic years.

Progressive work along these two consecutive courses in safety and design skills have allowed to
obtain a deeper degree of learning in these disciplines and better results in a medium term compared
with the previous academic years in which these activities and methodology were not performed in
both subjects.
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1 INTRODUCTION

Chemical engineers develop their profession in areas in which design of processes and safety of
installations, equipment and procedures designed are especially relevant due to the impact and
consequences that a failure of these items represent. Therefore, curriculum of chemical engineers
should include these disciplines as a valuable skills.

There is a common agreement in considering that teaching this disciplines should be compulsory in all
courses of Chemical Engineering [1-2] as a tool to prevent accidents and in response to the significant
role that the chemical engineer has to prevent and reduce the risk associated with accidents that may
occur in a chemical plants or industrial activity designed [3-4].

To reach a deep learning in these disciplines, teaching-learning process should be considered not as
a complement of the teaching in industrial processes but as an integral part of the curriculum of
engineering [5].

Proceedings of INTED2019 Conference 6484 ISBN: 978-84-09-08619-1
11th-13th March 2019, Valencia, Spain



In the last years, adaptation to the European higher education area has resulted in the creation of new
official degrees at Bachelor and Master level in Spanish universities. This process has been focused
on enhancing training in competences (understood as a "know how" complex) and involves the
learning, not only of knowledge but also skills and attitudes in order allow students the development of
their profession in a successful, autonomous and accountable way. In these degrees, we find generic,
specific and cross-curricular competencies. The last ones, are considered for many institutions a tool
for differentiation in the labor market of graduates with respect to others who obtain the same degree
at another university. In addition, national and international accreditation agencies such as the
Accreditation Board for Engineering and Technology (ABET) or by the European Network for
Accreditation of Engineering Education (ENAEE) consider these competencies as an indicator of
quality of the University studies that they assess. These competences should be worked through
specific activities included in the subjects, linked to learning outcomes and assessed to analyze the
degree of acquisition by the students throughout their studies.

The Universitat Politécnica de Valéncia (UPV), has an institutional project that defines 13 transversal
competences (TC) in which students are trained [6] and which comply with the requirements of ABET
and ENAEE agencies. In them, “design and project” competence is included as TC-5.

In the case of the Chemical engineering degree at UPV, the implementation of TC was conducted
during the 2015-2016, by assigning each cross-curricular competence to one or several subjects
referred to as control points. TC-5 training is worked in the curriculum of chemical engineering degree
through several subjects. "Experimentation in Chemical Engineering IlI" (Elg3) from 3™ course,
semester B and "Industrial Processes of Chemical Engineering" (PIIQ) from 4" course semester A,
are core courses specially focussed on the development of several activities to work these skills.

This paper will describe the activities developed in both subjects to work TC-5 and analyses the
evolution of the learning level reached at the end of PIIQ, which is the last course where this
competence is worked.

2 CONTEXT AND COURSE DESCRIPTION

"Process of Chemical Engineering" (PIIQ), is a compulsory subject in the fourth year, with 4.5 ECTS
credits, in the Chemical Engineering degree at UPV. The average group size has been 75 students
from 2013-2014 till present academic year.

The teaching of this course began in the academic year 2013-2014, and their descriptors based on the
Verification memorandum included description of industrial processes but also process layout, safety,
auxiliary facilities, water conditioning, environmental management, wastes, graphical representation of
processes, materials selection, matter and energy balance, petrochemical industry and risk analysis.

In spite of previous learning teaching of safety is considered a base of chemical engineers training,
this was not included as a previous compulsory subject in the academic curriculum, so students
arrived to PIIQ without basic concepts about this matter. This situation forced to include safety skills in
the subject. Several approaches were made to find an active methodology that made students to
acquire basic skills on this competence. Methodology included: guided practice classroom (2013-2014
and 2014-2015), cooperative learning through case of study (2015-2016) [7] and cooperative learning
through case of study combined with research group methodology in the last academic years (2016-
2017, 2017-2018 and 2018-2019 with satisfactory results [8].

This approach has reinforced in parallel with the development in the previous experimental subjects of
an innovative pedagogical project awarded by the UPV Educational Science Institute (ICE) called
“Integration of safety skills through experimental subjects of Chemical engineering degree” (ISES)
performed in the academic year 2012-2013 in Experimentation in Chemical Engineering I, Il and llI.
Table 1 explains the evolution of safety integration skills over the core courses of the chemical
engineering degree.
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Table 1. Progressive introduction of safety skills formation through ISES project
on core courses of Chemical Engineering degree at UPV

Course
ElQl ElQll ElQlI PllQ Methodology for Safety in PIIQ
Academic year
2012-2013 2013-2014 Guided practice classroom

2012-2013 2014-2015 Guided practice classroom
2012-2013

2013-2014

2015-2016 Cooperative learning through case of study

2016-2017 Cooperative learning through case of study +
research group methodology

As it is shown in the table, in 2012-2013 ISES project has introduced in the academic curriculum of the
chemical engineering degree. Students that were attending to EIQIIl received basic formation about
this topic that was complemented by the contents introduced by PIIQ in 2013-2014. Students that
were attending to EIQII in 2012-2013, could deep in safety skills in two experimental courses before
arriving to PlIQ in the academic year 2014-2015. Only from academic course 2015-2016 and the
followings, all the students that arrived to PIIQ had been received previous formation on safety skills
through 3 previous experimental subjects. That was the reason to change methodology into
cooperative learning through case of study which requires previous knowledge about this matter to
solve the proposed activities. In 2016-2017 small modifications were performed to combine
cooperative learning through case of study and research group methodology that has been kept until
present academic year.

With respect to Design skills, there are several courses in the curriculum of the Chemical engineer at
UPV that are working to develop this competence but in an isolated way, without linking different
aspects of the chemical engineering profession as graphical representation, cost analysis, material
selection, mass and energy balance calculations, equipment selection, etc... Due to experimentation in
the laboratory provides a very appropriate framework to carry out the implementation and
development of design skills because students are in contact with experiments and equipment that
can be translated to a real design, it was considered to develop a Design project in the Elq3 course
using the Project Oriented Learning (POL) approach [9]. This change was also performed in the
context of an innovative pedagogical project awarded by the UPV Educational Science Institute, called
“Integration of POL in an experimental subject of Chemical engineering degree” (IPOL) that was
initiated in the academic year 2016-2017 in the ElIq3 subject.

"Experimentation in Chemical Engineering IlI" (Elq3) is a 3™ course, semester B subject of 4.5 ECTS
credits. The subject has two blocks, one for the Design and other for Simulation purposes. In the
design block, students use laboratory sessions to obtain information that will use in the design project.
After each session they deliver an academic work about the experimental session that lecturer checks
and gives back to students in order to give them feed-back about the information collected and
calculations performed that will be used in the design stage. In parallel to laboratory sessions,
students have to develop a design project based on solid-liquid extraction, in groups, under the
supervision of the lecturer.

Students should design a production process to obtain oil from almond for cosmetic purposes. This
design project includes: lab work to study and understand the stages of the production process and its
performance, drawing of block and flow diagram of the process (by using preferably Autocad) and
recommendation of basic safety measures in the installation. This approach allows student to integrate
the knowledge acquired in different subjects in a practical way through an installation design,
analogously to what they will have to do in their professional lives as engineers.

An example of the design asked is shown in Figure 1.

6486



Figure 1. Example of the flow diagram of the solid-liquid extraction installation and example
of a solid-liquid extractor design performed by the students of EIq3

Final mark of the design block is composed by the deliverables of the academic works (one for each
laboratory session) which has a 28.6 % of the final mark, design project (57.2 %) and a written exam
14.2 %.

In the following semester, students of PIIQ (that took the Elg3 subject in the previous semester) study
different production processes and design a process to obtain olive oil. This design includes drawing
of block and flow diagram of the full process in Autocad, selection and justification of safety measures
needed and its implementation in the installation through its drawing in the flow diagram. An example
of the design performed by the PIIQ students is shown in Figure 2.

Figure 2. Example of the Flow diagram performed by the students in PIIQ

Safety is also strengthened in this subject through an activity of safety presentation about an item
related to the solid-liquid extraction installation that students should prepare and defense through and
oral presentation.

For assessment, students deliver the block and flow diagram of the industrial process in Autocad
which represents 20 % of the final mark of the subject and an oral presentation about safety which
represents a 10 % of the final mark of the subject.

Previously to these changes in Elq3 (that had a direct influence on PIIQ), integrated approach of
design skills using POL methodology was developed only in PIIQ. Students were asked to represent a
very basic block and flow diagram of a simple installation that feeds a solid and a liquid to a tank,
through several deliverables collected in a portfolio (academic years 2013-2014 to 2015-2016) and
with only one deliverable and performing the design in class (academic years 2016-2017 and 2017-
2018). Due to design was a small part of the course and students didn’t have previous knowledge to
develop a project design, results obtained were very far from the ones expected for a chemical
engineer.
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Table 2 shows progressive introduction of design skills through on PIIQ and Elg3 along the academic
years.

Table 2. Introduction of design skills through on PIIQ and Elq3

ElQlll PllQ Methodology for Design in PlIQ Type of work
2013-2014 Portfolio of 3 deliverables Basic flow diagram
2014-2015 Portfolio of 3 deliverables Basic flow diagram
2015-2016 Portfolio of 2 deliverables Basic flow diagram
2016-2017 Project of 1 deliverable + Flow diagram with Autocad
supervision in class (recommended)
2016-2017 (starts 2017-2018 Project of 1 deliverable + Project of block and flow diagram
IPOL project) supervision in class with Autocad (required)

This work will analyze the evolution of the level in the TC 5 (design and safety skills) through the work
delivered (flow diagram) of P1IQ once IPOL has been implemented in the Elg3.

3 RESULTS

We will analyse the evolution of the learning level on design and safety skills acquired through EIQIII
and PIIQ subjects, and the influence that the implementation of ISES and IPOL had over the results
obtained in PIIQ. The analysis will be based on the comparison of the marks obtained in the different
assessment control points stablished along both subjects. This control points are shown in Table 3.

Table 3. Control points to check level and evolution of design and safety skills along EIq3 and PIIQ courses

Course
Elg3, 3 course, semester B PIIQ, 4t course, semester A
Control Deliverable of l()Se_IE/ Z;at]gitgndsz 82 l(:ér;ili prrloéizt Written Blof(l:lgv\?nd Safety
point  safety seminar . 9 exam . presentation
diagram) safety) diagram
Beginning of End of End of End of

When Beginning of semester End of semester

semester semester semester semester

3.1 Evolution of safety and design skills in PIIQ course

First it will be shown in Table 4, average results of Safety and Design skills in the PIIQ course,
comparing the first academic years (where the pedagogical innovation projects were not performed or
performed partially) and the present academic year.

Table 4. Comparison of design and safety skills assessment in PIIQ

AEie e ) (oo ISES Prjectstartea 17 Polet
2013-2014 6.5 5.6 Yes (only in Elg3) No
2014-2015 6.0 54 Yes (in Elg2 and Elg3) No
2015-2016 5.4 8.4 Yes ((in Elq1, Elg2 and Elg3) No
2018-2019 9.0 8.8 Yes (in Elg1,2 and 3) Yes (in Elg3)

As it can be seen, initial level of the students on design and safety skills assessed through academic
works performed in PIIQ was quite low reaching average marks of 6.5 over 10 in design and 5.6 over
10 in safety in academic year 2013-2014. In this year, students attending PIIQ, had no previous
training on design skills and very basic skills of safety acquired through ISES project implemented only
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in Elg3. In 2014-2015, results of design and safety skills are similar to ones obtained in 2013-2014,
even students of PIIQ of this academic year have received more training in safety than the ones of
2013-2014, because ISES project was implemented in EIQ2 and EIQ3. In 2015-2016, there is a
significant improvement observed in safety skills because average mark goes from 5.4 to 8.4. This
situation can be explained because students of PIIQ year have attended to Elq1, 2 and 3 subjects
where ISES project was implemented. So safety work done previously has a direct influence on the
final level of the students at the end of the semester. The change of the methodology to work safety
skills from guided classroom practice to case of study could also influence on the result. Design skills
had the same result as previous academic year since no changes were developed in this area in both
subjects.

After that, improvements were performed in this subject changing the methodology to work design
skills. Results of the present academic year show that in the design skill results, the implementation of
the IPOL project in Elg3 had a very positive influence in the results obtained Design skill mark of the
students is, on average, 9 points over 10 which is the highest mark obtained in the historical data of
the subject. In this result also has a direct influence the change of methodology to work design skills,
proposing a project of installation design based on a process explained in the theoretical classes but
supervised by the lecturer in class.

For safety skill results, improvement observed in the mark of the previous academic years is kept
nowadays. It is clear that previous work on safety done in experimental subjects as a consequence of
the implementation of the ISES project has a very positive influence on the level of skills acquired by
the students.

3.2 Evolution of safety and design skills in Elq3 course

In order to analyze evolution of safety and design skills of the students we will take the data of 2017-
2018 academic year which is the first were IPOL has been implemented simultaneously with ISES on
Elg3 course. Table 5 shows the average marks obtained on the different evidences items of the
assessment.

Table 5. Evolution of safety and design skills along EIq3 course

Elq3 (average marks)

Academic  Deliverable Deliverable of Design & safety Written
year of safety design Project exam
2017-2018 7.9 8.1 8.6 8.5

As we can see on Table 5, there is an improvement on the level of safety and design skills along the
Elg3 subject. Average marks of safety and design obtained after the lab practice are lower than the
marks obtained at the end of the subject at the final project and written exam. These results can be
explained for the positive effect that application of innovative methodologies as a consequence of
ISES and IPOL projects has on the students increasing their motivation, self-learning and
troubleshooting ability. If we compare these results with the ones obtained at the end of PIIQ (2018-
2019), we can see that the learning on safety and design skills reached in Elg3 is kept and improved
in the medium term (6 months), allowing students (after attending to two consecutive courses where
this skills are worked) to reach excellent results (nearly 9 over 10 in both aspects).

Finally, an analysis of marks distribution of each item of the assessment (safety deliverable, design
deliverable, final project and final exam) is performed. Figure 3 shows the distribution of marks splitted
into 4 ranges (<5, from 5-7, from 7 to 9, > 9 over 10 points).
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As it can be seen, safety and design deliverables (which have an average mark of 7.9 and 8.1 over
10), have a 60 and 90 % of the marks in the range of 7 to 9 respectively and 15 and 5 % of the marks
in the range of >9. This deliverables are performed after the seminar and lab practice at the beginning
of the semester. Along the semester the students work in parallel their design project, that is
presented almost at the end of the semester, prior to the final exam. Average marks of the final project
and final exam are 8.6 and 8.7 over 10 respectively. This increase in the final marks is accompanied
of an increase in the percentage of marks in the >9 range, corresponding to 35 and 50 % respectively.
So, progressive work along the semester allows the increase of the learning level of the students in
general but also the percentage of the students that reach excellent results on safety and design skills.

4 CONCLUSIONS

As a consequence of the analysis of learning level on design and safety skills of the students in Elq3
and PIIQ subjects of the Chemical engineering degree of the UPV it can be stated that:

o Safety and design skills are basic on chemical engineers training and for the development of
their professional live.

¢ Implementation of innovative and more active methodologies helps to develop design and
safety skills of the chemical engineering students

¢ Accommodation of the students to the new methodologies is needed as well as their motivation
for the success of the methodological changes. Development of an engineer project based on
experimental work and installations known would help to that.

e Coordinated and integrated work between subjects and different areas of the chemical
engineers curriculum is needed to reach an accurate learning level on design and safety skills.

e Progressive work along two consecutive courses in safety and design skills have allowed to
obtain a deeper degree of learning in these disciplines and better results in a medium term
compared with the previous academic years in which these activities and methodology were not
performed in both subjects.
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