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This work describes and discusses an educational experience developed in a first year course of a chemical engineering
program. Student teams are guided through the ideal design of a chemical plant from basic thermodynamic concepts, so
that they can identify the differences between their designs and real processes and to establish relationships between what
they have done and specific areas of chemical engineering knowledge. The design project had an integration curriculum
approach and involved the assisted use of process simulation software and some specialized bibliographic resources. The
learning process was assessed by surveys and interviews, and by a rubric-guided analysis of students’ reports. The project
and its methodology are intended to be a mechanism to promote a wider vision of the curriculum from the early years and

to foster students’ motivation.
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1. Introduction

The Universidad de los Andes (hereinafter Uni-
andes) is a Colombian private university promoting
a learner centered environment guided by the
maxim ‘learning how to learn.” In recent years, the
Engineering Faculty at Uniandes has been imple-
menting a renovation project that includes a process
of curricular reform, the renewal of classroom
practice, and detailed design of the physical infra-
structure and laboratory equipment [1-3].

This process of renovation takes into account
international recommendations about the reduc-
tion of the number of hours the students spend in
classrooms in undergraduate programs and the
articulation of these with postgraduate courses.
Other recommendations include education for life-
long learning, learning in context, interdisciplinary
and simultaneous links between courses, integra-
tion between theory and practice, and the develop-
ment of transversal and integrative projects, to cite
only a few examples. The educational project dis-
cussed in this article is a way of attempting to
materialize these commitments in the area of che-
mical engineering and is specifically aimed at devel-
oping the spirit of the proposal formulated by the
US National Academy of Engineering (hereinafter
NAE):
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Whatever other creative approaches are taken in the
four-year engineering curriculum, the essence of engi-
neering—the iterative process of designing, predicting
performance, building, and testing—should be taught
from the earliest stages of the curriculum, including the
first year. Curricular approaches that engage students
in team exercises, in team design courses, and as noted
above, in courses that connect engineering design and
solutions to real-world problems so that the social
relevance of engineering is apparent appear to be
successful in retaining students [4].

The chemical engineering curriculum at Uniandes is
divided into three cycles of formation that stretch
over a period of four years. The first cycle provides
the basic tools of general engineering, knowledge of
basic sciences, thermodynamics and mass and en-
ergy balances. The second cycle establishes the basis
with respect to transport phenomena and kinetic
theory. The third cycle introduces aspects of design
and ends with the course ‘Plant Design’, as this is a
subject that clearly integrates the knowledge ac-
quired in the other courses.

Three mandatory research projects are developed
throughout the curriculum, which helps to comple-
ment and strengthen the knowledge acquired in the
courses. The first two play an important role in that
they allow the student to become familiar with
spheres of action and applications of chemical en-
gineering, by means of a creative process. In the final
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year, students have to develop a formal research
project on a particular topic or technology. How-
ever, these projects need to be complemented with
shorter, more academically-focused activities that
are curriculum embedded and allow students to
establish strong links with the content of the differ-
ent courses, so that they are able to understand the
meaning and the usefulness of the curriculum that
they are studying. This is particularly important in
the first stage of studies, as the NAE document
recognizes.

The study that we present here evaluated the
impact on students’ learning of a project involving
the design of a chemical process in the ‘Fundamen-
tals of Industrial Processes’ course. In this course
the students systematically carry out mass and
energy balances as well as calculations and numer-
ical analysis on data associated with processes and
units that are considered ‘black boxes’. Thermody-
namics, kinetics and design analysis are excluded
and the student is expected to cope with a large
amount of information and use this correctly, even
though he or she does not know where this comes
from. In this sense the proposed project must pro-
vide an important opportunity to develop a global
acquaintance with the curriculum and the tools that
this offers, in a short space of time.

2. Plant design project

In the last decades, Problem-Based and Project-
Based Learning (hereinafter PBL) have been pro-
moted in Higher Education curricula as a way of
creating learning-centered environments to support
students’ contextual learning and they have been
proved to be effective for the promotion of curricu-
lum integration [5], knowledge application [6], the
development of cognitive, social and practical skills
[7], motivation and acquaintance with the profes-
sion [8].

With regard to Engineering Education, it has
been argued that PBL is more effective than tradi-
tional education in producing engineers who are
better suited for the task of solving real life engineer-
ing problems [9]. Compared with traditional educa-
tion, the evaluations of Project-Led Education in
Engineering have proven to help students achieve
stronger articulation between theory and practice,
improved learning and motivation, and to develop
transversal competencies such as project manage-
ment, problem solving, communication and team
work [10-12].

Projects involving the design of chemical pro-
cesses have been shown to be an efficient alternative
in the teaching of chemical engineering, due to their
complexity and their multidisciplinary nature [13].
Bailie and Shaeiwitz [14-16] created long-term pro-

jects during the sophomore and junior years by
means of which students gradually improve the
design of a specific chemical process while they
continue to learn. This type of experience brings
home to the students the existence of a structured
and coherent curriculum. Clark et al. [17] have
maintained that traditional teaching contexts
make it difficult for students to retain a high level
of content knowledge and, consequently, this leads
to a loss of motivation. As a way of increasing
curriculum integration, these authors propose the
concept of a ‘spiral curriculum’ and the develop-
ment of projects that involve a permanent process of
revision of the basic topics in chemical engineering,
at the same time as there is an increase in the degree
of detail and sophistication in the design of a specific
chemical process. On the other hand, in the ad-
vanced (senior) courses the carrying out of design
projects involving relatively complex processes is
common, as well as the incorporation of technical
challenges that allow for the strengthening of the
concepts of responsibility and lifelong learning [18].

Our project incorporates some of the elements
used in the experiences mentioned above, but estab-
lishes a novel approach based on the thermody-
namic design of chemical processes. Starting with an
ideal analysis, arising from knowledge of the basic
cycle, results are obtained, which are later compared
with actual processes. This allows students to iden-
tify and have a preliminary discussion on the big
differences that very often exist between real and
ideal processes without having to wait until they
receive formal and intense education on advanced
topics. The task is proposed as an integration
exercise: the required critical analysis of their solu-
tion against real world conditions directly estab-
lishes bridges between different knowledge areas of
the curriculum. In addition, this comparative study
is an innovation that allows projects to overcome
the limitation posed by the need to balance educa-
tional objectives and complex design requirements.
That tension is usually resolved solely by a simpli-
fication of the design task. The proposed methodol-
ogy here includes the analysis of actual processes.

The main aim of the project consisted in making
the preliminary design of an industrial plant that
produces a specific chemical product (Appendix A).
The project is structured in three stages and three
reports that are carried out by work teams of four
students for a period of thirteen weeks (Fig. 1). The
project guidelines are as follows.

e In the first stage each work group studied the
importance of the product that was assigned and
the members had to describe the technical and
economic characteristics that are associated with
each product. A preliminary economic study of
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Fig. 2. Generic chemical process.

two or three possible production pathways was
also carried out, assuming 100% conversion in the
reactor and selecting the pathway to apply in the
rest of the project. Then, the group evaluated the
equilibrium conversion of the selected pathway
through the use of specialized software. In order
to do this, a study of the influence of the variables
of pressure and temperature in the reactor was
carried out and the final conditions of operation
were set up. Finally, a generic block diagram
process was developed (Fig. 2).

e Inthe intermediate stage of the project, the group
took decisions about the type of separation units
that could be used. To do this, they worked from
physical properties of reagents and products, or
they supported their decisions with reference to
bibliographical sources. There was an advance in
the representation by means of a PFD (Process
Flow Diagram), in which stream energetic vari-
ables were obtained through the use of specialized
software as a properties ‘calculator’.

e The third stage requires the programming of mass
balances in the designed process through the use
of datasheet software. This phase also requires a
preliminary work of heat integration. The final
but relevant requirement is the comparative study
between the design obtained by the group and the
industrial processes described in the bibliogra-

phy.

Project implementation was articulated from a sim-
ple instruction setting out each phase and reporting
contents. Assessment rubrics helped students to
understand clearly what was expected from them
in terms of results and analysis. Each stage of the

design had different valid alternatives, therefore, the
rubrics emphasized the importance of arguing for
the solutions and the decisions set out in each of the
three reports. To illustrate this, Appendix B shows
assessment criteria for the first report. The rubric
evidences the focus on writing/argumentation skills
ata simple level: management of data and sources to
justify technical decisions. The other reports were
graded following similar criteria and, in the last
phase, attention was paid to critical thinking and
solid explanations about the comparative study.

As regards the pedagogical design, it may be said
that classes took place as usual: students were
supposed to do the reading and perform application
exercises in advance. At the beginning of each
session, there was a short presentation of the basics
of each topic, based on the material that had pre-
viously been prepared. The rest of the class was
taken up with discussion of the doubts and difficul-
ties related to the problems that had been assigned.
The project was not just a parallel activity to the
classes as various strategies were used to integrate it
to the course. Every two weeks the professor pro-
vided a short general feedback session about the
process, using class time to talk about relevant
aspects of the projects, trying to identify the main
obstacles and helping the groups to formulate their
results and their queries. In a similar fashion, in the
first stage of the project there was a recitation
session focus on the use of specialized software to
simulate chemical processes. In addition, each
group was able to be in constant contact with the
professor in order to solve particular doubts they
had about the project.

3. Research

In order to be able to evaluate how far the proposed
aims had been achieved in the project, information
was collected while the project was being carried
out, with the informed consent of the students. The
grades from the rubrics awarded for the different
stages of the project and the final assessment in-
cluded a series of interviews with the participating
groups, in order to decide on the fundamental issues
of the technical and creative process developed.
There was also an assessment of the feedback ses-
sion with the professor in the project.

In addition, written questionnaires were com-
pleted by the whole group at the beginning and
end of the semester in order to establish the base line
and to assess progress in relation to the knowledge
of the chemical engineering core courses, the use of
specialized software and different bibliographical
resources as well as industrial and commercial data.
The general description of each survey is presented
in Appendix C. Professors and students were also
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interviewed to find out about their perceptions of
the development of the project as a pedagogical
process.

The grades from the rubrics and the statistical
aspects of the questionnaires were analyzed quanti-
tatively and the resulting information was triangu-
lated. In other words, what the different participants
presented and the various types of information on a
particular aspect were compared in order to estab-
lish similarities, differences and tensions. It was this
analysis that helped to structure the results.

In sum, this evaluation study uses different
sources of information in an attempt to grasp the
complexity of the learning taking place in this
environment. Given that the project pursued multi-
plelearning goals and most of them were oriented to
the development of complex skills that are not
traceable using a single pre-test pos-test design
(for example, their ability to carry out the whole
project as a team), we made use of surveys, observa-
tions and interviews to understand better the stu-
dents’ development and learning throughout the
course. We also had to pay attention to subtle
qualitative differences between, for example, the
way a student describes a chemical industrial pro-
cess at the beginning and the way he or she describe
it at the end of the course or the quality of the
argumentation he or she displays in the final pre-
sentation of the project.

4. Results and experiences

The first aspects evaluated were the characteristics
and the composition of the course itself. Of a total of
36 students, 64% were between second semester first
year and first semester second year and the majority
had already taken basic thermodynamics. Only 7%
of the students were simultaneously taking the
‘Phase and Chemical Equilibrium’ course. There-
fore, basic mathematics is part of the students’ skills
and aspects such as energy balances begin to be
integrated into their knowledge naturally. Physical
Chemistry and Reaction Engineering elements are
not yet part of the spectrum of knowledge of the
group and the project may act as a link with the
learning challenges of the second and third cycles.
The most relevant results are discussed below.

4.1 First report and methodology

The analysis of the first project report helped to
identify one of the most important deficiencies on
the part of the students in the implementation of the
project and became an opportunity to establish
solid rules of play. Although the instructions pro-
vided for the project clearly asked for argumenta-
tion and technical or bibliographical support for all
the information or decisions given, the students

found it difficult to modulate the level of detail
required. The class discussions clarified the type of
data that should be supported and how to do that.
The message was ‘a design decision during the first
stage of the project may finally lead to a difficult or a
simple process, which may be expensive, cheap,
successful or not, but this will be valid if its pre-
sentation has been solidly argued.’

The report was reformulated by the majority of
the groups and the results and the progress made
helped the students to value the logic and the
importance of supporting sources. The change of
grades between the first version and second version
of the report was substantial and some of the groups
realized that their grades could be doubled just by
correctly presenting the information collected. The
appropriate use of bibliographical material was also
maintained in the following reports.

In the first stage, the students were confronted
with certain basic elements characteristic of an open
problem, such as the design of a chemical process:

e Various possible production pathways with very
different economic balances

e Products of interest with a wide range of possible
degrees of purity, all of potential commercial
interest

e Purity of reagents and products, conversion va-
lues of simulated reactions, never reaching 100%

e Different types of bibliographical sources.

The experiences were varied but, in general, the
groups proved the connection between high purity
products and special applications, as well as pro-
ducts of intermediate quality and industrial appli-
cations. In all of these there was evidence of
coherence between the use of sources of prices,
production and sale volume and product quality.
In this way, 50% of the groups were able to relate the
factors mentioned above coherently, 25% selected
purity adequately in relation to application and
production, but did not define prices adequately
according to sales volume. The bibliography used
included quotations from industrial and laboratory
suppliers.

4.2 Thermodynamic equilibrium

One of the central elements of the project was the
approximation to thermodynamic equilibrium by
means of the use of specialized software. The ana-
lysis required a definition of the conditions of the
process and the conversion in the reactor. The use of
simulation resources during the first years has in fact
been discouraged by some teachers. Others main-
tain that these resources can and should be incor-
porated into the curriculum right from the
beginning, provided that the learning approach is
adequate [19]. The only support they received was
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some supervision about the architecture of a specific
type of software (Aspen Plus) and some basic
tutorials. In general, the groups were very efficient
in the use of existing software tools and they eval-
uated different conditions of pressure and tempera-
ture by means of different analyses of sensitivity. It
should be noted here that the products defined by
the teacher were generally produced by means of
reversible reactions (i.e. esterification), which al-
lowed for different process conditions in equili-
brium analysis. The result was interesting in that
by working to improve and selected the conditions/
conversion of the reactor, the groups were helped to
make ‘correct actions’ and ‘mistakes’, which were
later discussed in class, leading to some of the most
attractive aspects of the experience. We discuss
some of these now.

e The majority of the groups that specified high
quality products optimized the reactor by obtain-
ing the highest conversion simplifying the follow-
ing separation stages.

e Some groups that decided to sacrifice conversion
for moderate conditions of operation, including
environmental issues, complemented the process
by separation operations that were more or less
demanding.

e Some of the groups adjusted the conversion in
order to avoid recirculation operations and they
defended this decision by balancing in a qualita-
tive manner reactor operating costs versus the
pumping of unreacted species.

e One group used heuristics to determine the con-
version limit from which it is economically more
advantageous to separate the effluents from the
reactor and avoid recirculation.

e At the end of the first phase, some groups ob-
tained a process consisting of just a reactor with
no need for separation units or raw materials pre-
treatments.

The success of the equilibrium analysis could be seen
in the assessment of the report that showed that 73%
of the groups carried out a complete balance analy-
sis (sensitivity analysis and defended decisions),
while only 27% showed some deficiency either in
the use of the software or in the processing of the
results obtained. The use of the software showed
positive results that were then confirmed in the
second report (Phase 2) when the students evaluated
the stream energetic variables using Aspen Plus. It
may be concluded that the use of software in the
form of a ‘calculator’ (reaction conversion calcula-
tor, stream enthalpies calculations) is a useful alter-
native in education, provided that it is introduced
within a clear context and that students are told that
the way calculations are done will be discussed in
later courses.

5.0

4.5

4.0

Score

3.5

3.0

2.5

2.0

Product  Reaction Raw Separation Energy
Analysis ~ Pathway Materials Process Integration
Handling

Fig. 3. Students’ performances in comparative analysis. Grades. 5
excellent; 4 satisfactory; 3 need improvement; 2 unsatisfactory.

4.3 Comparative study: actual and ideal processes

The comparative analysis of the process obtained
and the industrial process had special weight in the
assessment of the third report. The reports were
assessed in relation to different aspects on which
differences had to be identified (Fig. 3). The most
relevant results are given here.

e The aspects related to the product were well
analyzed and the students showed evidence that
the bibliographical search carried out in the first
phase was adequate. The production pathway led
to some interesting discussions, but it was not
always possible to obtain written explanations in
the cases in which the pathway chosen by the
group did not coincide with the commercial path-
way.

We can clearly see the difference in the process designed
by us and the process described above. With regards to
purity we can see that in both processes methyl benzo-
ateis obtained at 99%. The production pathway that we
used is a simple esterification using benzoic acid and
methanol meanwhile the industrial pathway separates

methyl benzoate as reaction sub-product between
methyl-p-toluate and xilene.

e There was frequent evidence of deviations due to
the existence of secondary reactions:

We can see that the difference in the number and type of
process units is due to the sequence in which the
reaction was carried out. In the industrial process,
acetone was produced in a second reaction stage . . .
given the reaction system, in the industrial process
more equipment (basically separators) was necessary
than in the process designed in this project.

e Reaction conversion in the main reactor was
fairly well discussed and aspects such as process
conditions versus the use of catalysts and equili-
brium conversion constituted part of the analysis.
The comparison of the stages involving the adap-
tation and separation of reagents and products
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led to interesting discussion in some cases. When
the industrial separation differed completely
from that chosen by the group, the participants
were able to identify errors in the taking of
decisions. In other cases, the two alternatives
were shown to be possible and this was under-
stood in the light of differences generated by the
conversion of the reactor.

The main reaction is reversible, exothermic and limited
by the equilibrium. In industry the equilibrium of the
main reaction is only taken to 80% and the presence of
methane and toluene in the reactor exit stream modifies
process conditions.

On the other hand, the reactor used in industry is
different to that proposed in the plant simulation. In
that simulation an adiabatic equilibrium reactor was
used and catalysis of the reaction was not taken into
account. In contrast the industrial reactor is an iso-
thermal catalytic bed which accelerates reaction ki-
netics, but as well it helps to reduce the formation of
the collateral reaction, increasing the selectivity of the
reactor.

e The energy analysis was not tackled very well, not
so much in terms of results as argumentation. It is
possible that the reason for this is a lack of skill in
the reading and analysis of process flow dia-
grams, which is a type of representation that the
students had not previously studied in the course.

The above elements and the discussion about ideal
approach and deviations from this were also eval-
uated through interviews. The reason is that in the
reports the students had to identify some facts and
give a precise explanation of them. The general
analysis, however, requires a certain perspective
that is difficult to capture in writing. One example
is the following: even though some groups were able
to identify that the use of the catalyst allowed the
process at less demanding temperatures, while
maintaining high conversions, no group directly
noted that the conversion predicted by the equili-
brium might not have been reached in the industrial
process, even with the corresponding pressure and
temperature conditions, because the industrial re-
actor was continuous.

In synthesis, an additional discussion is necessary
to try to capture the scope of the project in terms of
the understanding acquired by the students of a
problem like the one analyzed. The interviews,
carried out with the groups by the professor re-
flected a particular type of argumentation charac-
teristic of the students who were involved in the
process. The topics associated with the comparison
of actual and ideal process helped the groups to
notice the existing differences between the thermo-
dynamic approach and the complexity of involving
time related issues. This was one of the results that
were expected in the project in so far as it helped in

the process of students’ maturity and gave them a
perspective on the next learning cycles. Considering
the discussions, however, it must be said that
although the project was able to raise questions,
there was no evidence that the students developed
solid criteria in all cases. In the future, it is recom-
mended that there should be an additional session to
help students to organize the information and clar-
ify accumulated doubts.

4.4 Surveys results

Comparative analysis of individual surveys per-
formed at the beginning and the end of the course
is now discussed. With regard to the use of engineer-
ing resources during the project some expected
results were obtained: besides the strong support
on the Internet, there was a generalized use of
encyclopedias, requested bids, and price guides as
was confirmed by the analysis of reference sections
in the reports. Regarding the use of specialized
software, process simulators were introduced for
the first time in their program. The project required
the preliminary use of some specialized tools and the
degree of success was assessed through the reports
and rubrics as already mentioned.

Curriculum knowledge and curriculum integra-
tion were also analyzed through the reports and
student interviews but surveys offer a direct result:
whereas the first questionnaire indicates that in
nearly all the cases the description of core courses
of next cycles simply corresponded to a direct
translation of the course title, in the second survey
courses were described very frequently as a means of
improving the industrial processes. Even if this
simplification somehow limited the wide field of
applications of some courses, there is great progress
in the fact that the project helps students to change
their abstract perception of the curriculum. As an
interesting exception, Transport Phenomena
courses seem to remain out of the sphere of under-
standing and here there is an important opportunity
to improve in further curriculum integration stu-
dies.

Chemical process definitions also indicated an
important effect of the project. If in the first survey,
75% of answers were limited to a correct but sim-
plified description in terms of ‘a process that trans-
forms materials into products with higher values’, in
the second survey, over 60% of the students system-
atically included aspects related to time, efficiency,
operation units, and design. Students’ answers re-
vealed some difficulties in describing in an orderly
way what is now a complex process but at the same
time evidenced a valuable approximation to the
chemical process structure.
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4.5 The pedagogical process and learning by the
teacher

In many cases, processes of educational research are
focused on observing and measuring the products of
student learning and the achievement of the pro-
posed pedagogical objectives. The collaboration
carried out during this research by the Center for
Research and Teaching on Education (CIFE) al-
lowed for teacher development, which is very im-
portant for the university in the light of its
renovation process. In particular, relevant aspects
were noted in the interview carried out with the
professor at the end of the data collection. This
showed that by means of a process of permanent
reflection on the pedagogical issues of the course,
two different aspects related to teaching roles were
identified. This will now be described.

First, there is the role of the teacher as designer
and evaluator of his or her course. In this sense the
professor noted that, due to the University propo-
sal, there are many courses that include projects, but
one of the characteristics of this project is that
throughout this research student response to the
course and the project, as well as the personal
perception and the pedagogical learning that has
been appropriated was identified. This, in turn,
leads to change, to the proposing and implementing
of different proposals relating to course projects.
The aim is to produce a course that, as far as
possible, is more efficient that a traditional class
based on theory and application exercises. This can
be seen as a much more active and critical approach
to the professor’s own teaching role.

The second aspect to discuss is the role of the
teacher as guide, leading to a permanent process of
working together with the students in the project,
not only through the process of learning assessment
but also in the feedback in class at certain times. This
helped the students to see the project as an integral
part of the course. It also enabled the teacher to
identify the need to have an extra phase in the
project. This led to a closure that was richer in
that the feedback provided helped to solve doubts,
discuss the general results and bring the process to a
better conclusion.

Finally, we consider that this wider vision of the
teacher’s role helps to give rise to new pedagogical
practices that transform institutions and help them
to achieve the aims of change and renewal proposed
in many curricular reforms.

5. Conclusions

Design projects have been recognized as powerful
curriculum integration tools and therefore they are
usually developed in the last years of traditional

educational programs. The work presented here
described a methodology to achieve some progress
in curriculum integration right from the first year by
an approach that lies in the coherent identification
of issues belonging to the following learning cycles
of the chemical engineering program. Students’
reports and interviews analysis indicated that the
proposed plant design project helped the students to
become coherently involved with a large number of
topics and resources that would commonly be re-
served for sophomore or senior levels.

The general perception of the students was posi-
tive and the questionnaires completed at the begin-
ning and end of the project reflected progress in the
four aspects evaluated: use of bibliographical
sources, use of specialized software or programming
resources, curriculum knowledge and the defining
of a chemical process. One of the most important
achievements was the advance in the topic of che-
mical equilibrium and the use of simulation re-
sources as a calculator. The discussion about
thermodynamics and kinetics at times touched on
the direct consequences in the architecture of a
chemical process.

The partnership established between professors
of engineering and specialists in education from
CIFE was particularly profitable, in carrying out
the follow up to the student learning processes as
well as being present throughout the teacher’s re-
flexive process, which resulted in new possibilities
for improving the teaching and the curriculum in the
Engineering Faculty.

Finally, we recommend integrating this type of
project into basic courses, particularly emphasizing
the possibility of relating different topics and under-
standing the impact that these may have in the
efficient development of a design task.
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Appendix A: Project description and methodology

You need to carry out the preliminary design of an ethyl acetate production plant. For this you must follow the
next methodology:

1. Product and Block Diagram Flow (1st report)

1.1 Product: Describe the main physical and chemical characteristics of ethyl acetate, its industrial
importance, commercial characteristics and market prices.

1.2 Production: Define the production rate.

1.3 Synthesis pathway: Analyze two chemical reactions industrially used for ethyl acetate production and
select one according to price benefits on the basis of 100% conversion. Once selected, find the equilibrium
conversion through simulation software selecting the most convenient conditions (pressure and temperature).

1.4 Block diagram: Present the preliminary design of the plant describing the generic necessary operations.
Flow compositions must be defined following team decisions and not calculations.

2. Operation Units and Process Flow Diagram PFD (2nd report)

2.1 Separation and treatment units: Detail the specific units selected.
2.2 Flow tables: Present flow tables that include: flow, composition, pressure and temperature.
2.3 PFD diagram.

3. Process Simulation and Comparative Study (3rd report)

3.1 Build up the mass and energy balances equations for the process in datasheet software. Use software (i.e.
Aspen Plus) for calculating energy properties.

3.2 Energy integration: Carry out the energy balances for each unit, perform a preliminary energy integration
and calculate energy costs.

3.3 New PFD: Present a new PFD diagram that reflects preliminary energy integration.
3.4 Comparative analysis: Compare and analyze the obtained design with real process.
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Appendix B: Rubric for the first report

% of the

PHASE 1 report grade ASSESSMENT CRITERION

1. Product 15% a. The project team uses bibliographic sources to determine the relevant physical/
chemical properties of selected product.
b. The project team establishes the product purity according a specific market
(commodity or specialty chemicals) and a specific product pack size.
c. The project team uses relevant sources to determine the product price for the selected
market.

2. Rate of production 15% The project team defines the production rate according to the national/international
market.

3. Production pathway 35% a. The project team defines at least two possible industrial pathways for industrial
production.
b. The project team uses adequate sources for price determination of products, sub-
products and reagents.
¢. The project team performs preliminary cost/benefit analysis for each proposed pathway
and selects the most favorable.
d. The project team uses a process simulator to determine the most favorable process
conditions on the basis of equilibrium conversion.

4. Block diagram 35% a. The block diagram is clear with regard to the main stages needed to separate reactor
effluents.
b. The project team analyses the need for recirculation on the basis of equilibrium
conversion.

¢. Flow compositions are defined.

Appendix C: Surveys description

1. Survey about Curriculum Knowledge
Please give a short description (max. 30 words) of each of the chemical engineering core courses (i.e. phase
and chemical equilibrium, transport phenomena, reaction engineering, separation processes, simulation/
optimization, plant design).

2. Survey about Engineering Data Resources:
Which of the following resources have you used during your career; in what courses (textbooks,
encyclopedias of chemical technology, handbooks, price guides, databases, Internet, others)?

3. Survey about Software Resources:
Which of the following software/programming resources have you used during your career; in what courses
(datasheets, process simulators, Matlab, C++, Java, Design Expert, others)?

4. Survey about Chemical Process Definition
Please give a short description (max. 50 words) of a Chemical Process.
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