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Abstract—Projects thematically focused on simulation and statistical tech-
niques for designing and optimizing chemical processes can be helpful in chem-
ical engineering education in order to meet the needs of engineers. We argue for 
the relevance of the projects to improve a student centred approach and boost 
higher order thinking skills. This paper addresses the use of Aspen HYSYS by 
Portuguese chemical engineering master students to model distillation systems 
together with statistical experimental design techniques in order to optimize the 
systems highlighting the value of applying problem specific knowledge, simula-
tion tools and sound statistical techniques. The paper summarizes the work de-
veloped by the students in order to model steady-state processes, dynamic pro-
cesses and optimize the distillation systems emphasizing the benefits of the 
simulation tools and statistical techniques in helping the students learn how to 
learn. Students strengthened their domain specific knowledge and became mo-
tivated to rethink and improve chemical processes in their future chemical engi-
neering profession. We discuss the main advantages of the methodology from 
the students’ and teachers perspective. 

Keywords—Active learning, Aspen HYSYS, Distillation, Factorial design, 
Higher order thinking skills, Problem solving.  

1 Introduction 

Engineers have the distinctive role of solving economic, environmental, and socie-
tal problems through the use of machines, devices, systems, materials and processes. 
The impact that chemical processes have on the environment and on the economy are 
of growing concern to the public, the chemical industries, and regulatory agencies.  

Chemical engineering students must develop skills with the goal of designing, op-
erating, optimizing and maintaining chemical processes in such a way that they are 
valuable to society, environmental benign and economically viable [1,2]. Students 
need to understand the design and operation of chemical processes, how changes in 
operations and in the environment will affect outcomes, and the actions needed to 
improve process performance and increase sustainability. 
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Separation is one of the fundamental processes in chemical engineering and most 
chemical processes involve separation. Therefore, due to their popularity in the chem-
ical process industries, looking at the design and optimization of separation systems is 
very important [3]. Distillation is the main separation process used in chemical indus-
tries for separation of liquid mixtures due to its versatility and ability to large-scale 
production. Distillation columns are the most commonly used separation units in a 
refinery and generally in petrochemical and chemical industries [4]. However, distil-
lation is a highly energy intensive process which can make operating costs a concern 
and also, the environmental impact of such highly energy intensive process a key 
issue. One of the current and future challenges is to study alternatives in terms of 
configuration and design of distillation structures that allows improving the efficiency 
of the process and reducing the energy consumption in order to meet the demands of 
the energy conscious society [5]. 

The teaching in a chemical engineering course needs to reflect the challenges that 
the chemical engineers will face in industry. The final project of a second cycle de-
gree can be an opportunity to instigate the students’ way of thinking from the role of 
being a student to an engineer´s thinking applying known scientific concepts for prac-
tical solutions and equipping students with the skills they will need to adapt to 
change.  

In this paper we explore the use of Aspen HYSYS to model the distillation systems 
and statistical design of experiments (DOE) in order to improve the systems. Improv-
ing the systems is not straightforward because the columns may have many different 
configurations with diverse operating objectives. These leads to several operational 
degrees of freedom and distinct dynamic behaviors making it difficult to optimize and 
control, reason why the optimal configuration of distillation systems is a major prob-
lem in the design of chemical processes [6]. 

 In two different projects, a case study reported in the literature was presented to 
the students. The problems selected from literature are complex and require some 
time and effort to implement. Moreover, they have a focus on novel distillation con-
cepts (i.e. from the students´ perspective) with the goal of meeting the demands of a 
more sustainable modern society, focusing in the reduction of costs improving eco-
efficiency. 

The idea is to use a case study reported in the literature as a starting point. This can 
be a very challenging learner based teaching method bringing new insights into the 
problems allowing students to explore new issues in an active way providing the op-
portunity for the development of key skills such as problem solving in real world 
situations. In the next section we focus on the relevance of the projects to improve a 
student centred approach. Section 3 presents the procedure for integrating Design of 
Experiments and Chemical Process Simulation to improve distillation systems. Sec-
tion 4 presents two projects from a Portuguese chemical engineering master course. 
The projects were developed according to the procedure described in the previous 
section. The evaluation of the projects is presented in section 5 as well as the impact 
on students’ learning. The paper concludes with the main advantages of the method-
ology from the students’ point of view as well as some insights from the teachers’ 
perspective. 
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2 Fostering student centered approach to learning with 
chemical engineering projects  

After graduate second cycle degree a chemical engineer should be able to learn 
on his/her own and have an understanding of the impact of engineering solutions in an 
economic, environmental, and societal context. One effective way to have students 
learn how to learn is to have students involved in projects which usually require sig-
nificant faculty time reason why the master project final work  is by no doubt very 
useful to simulate what engineers do in practice. 

The Accreditation Board for Engineering and Technology (ABET) as well as other 
Accrediting bodies such as the European Accreditation of Engineering Programs 
(EUR-ACE), all agree that design is an essential element of graduate outcomes for an 
engineering program. The students must have the ability to design and conduct exper-
iments as well as analyze and interpret data, the ability to design systems and process-
es that meet the desired needs, among others [7].  

In the master project students need to do a variety of tasks by themselves and must 
be engaged with the project in order to be successful. The teacher that is coaching the 
student must place the responsibility for learning in the shoulders of the student and 
so the focus should be on what the student do and what the teacher want him/her to 
accomplish. The teacher will provide the necessary resources, guidance and instruc-
tion to the students as they simultaneously develop content knowledge and problem-
solving skills. The learning is highly student centered and carried out with the teacher 
being more of a ‘guide’ than a formal teacher.  

Placing the students in the centre of the learning process is a very enriching learn-
ing model [8]. Lambert and McCombs in 1998 [9] and Bransford et al. in 1999 [10] 
have published books with relevant information about the superiority of student cen-
tred and active learning approaches when compared to a conventional teacher centred 
approach. In a student-centred approach the teacher provide the students with an op-
portunity to learn independently and coaches the students with the skills they need to 
do so effectively. Handelsman et al. [11] stated that engaging students in discovery 
and scientific process improves learning and knowledge retention. Some studies allow 
concluding that in an active learning environment students’ get much greater concep-
tual understanding, more independence, and greater confidence [12]. 

The spirit of student-centered learning is also fully reflected in the Engineering 
Criteria of the Accreditation Board for Engineering and Technology (ABET), whose 
the approach focuses on learning outcome not on teaching input [13]. Also the Asso-
ciation for Computing Machinery (ACM), and the Institute of Electrical and Electron-
ics Engineers (IEEE), just to refer a few give emphasis to the need to move towards a 
learner-centred, and technology enhanced learning approaches. 

Educational psychologists classify learning objectives into three domains: cogni-
tive (knowledge, mental skills, processing of information), affective (attitudes and 
feelings) and psychomotor (manipulative or physical skills). The most prevailing in 
the cognitive domain is the so-called Bloom taxonomy first published in 1956 [14].  

The project contributes to improve the student independency in learning and stu-
dents acquire knowledge from a variety of sources and subject to their own critical 
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evaluation having the opportunity to improve higher order thinking skills. By a stu-
dent centred approach the students identify the design problem, organize the ideas and 
develop some representations of the problem (i.e. analyze), and also choose the work-
ing conditions, the course of action, testing designs (i.e. evaluate) and design and 
optimize solutions (i.e. create). According to fig. 1 the student learning cognitive 
domain relates to the capacity to think or one’s mental skills as originally defined by 
Bloom et al. [14] and revised by Anderson et al. [15]. The final project will encourage 
higher order thinking and will foster deep conceptual understanding because the strat-
egy is to encourage students to think and to learn by thinking. 

 
Fig. 1. A revision of Bloom´s taxonomy for the cognitive domain, adapted from [15].  

The role of the teacher in the master final project is more to act as a facilitator cre-
ating and managing tasks that will empower student centred learning. The role of the 
teacher is crucial to involve and motivate students to learn on their own, to use initia-
tive, and to test out and apply what they have learnt. 

3 Student centered approach supported by computer 
simulation packages and statistical tools 

Recent proliferation in computer simulation and modelling makes it simple to use 
computer aided learning into teaching practices at chemical engineering. According to 
Glassey et al. [16] computer aided learning packages can be useful tools in supporting 
the development of important professional attributes as they enable students to ex-
plore and gain experience of new software environments in subject-specific context. 
The many advantages of chemical process simulation software makes it particularly 
appropriate to support student centred learning. Chemical process simulators can 
facilitate experimentation in real world settings. The Aspen HYSYS software aids 
students in learning how to use a chemical process simulator and how a process simu-
lator is able to model quite a lot of chemical process units. The use of statistical tools 
along with chemical simulation packages allows to closely relating statistics as a 
scientific tool for solving real world problems. A review of the literature in statistical 
education shows that students may learn more readily with a student centred approach 
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as compared to the traditional passive lecturing style [17-19]. Some authors realized 
that students sometimes develop misconceptions while studying statistics and so it is 
important that students might be confronted with their erroneous thoughts to remedy 
such misconceptions [20,21]. 

The use of chemical process simulation software is very important to optimize 
chemical processes in industry and, in the specific case of distillation, enables a sim-
ple and quick conceptual design of distillation structures in order to make separations 
of chemical mixtures.  

It is of utmost importance that chemical engineering students known how to use 
simulation software to the rapid conceptual design of distillation schemes for the 
separation of chemical mixtures. The students are engaged to use software like Aspen 
HYSYS in a problem based learning environment to assess the limits of feasible sepa-
rations for individual columns and also to design and operate advanced distillation 
structures for the separation of mixtures with non-ideal vapour-liquid equilibrium. 
The students should also understand the dual perspectives of steady state simulation 
and also dynamic simulation. It is worth to mention that traditional distillation design 
textbooks have focused predominantly on the steady state design and economics as-
pects of distillation. However, it is also desirable that the students learn how to deal 
with such issues as dynamic simulation in face of disturbances in order to develop 
effective control structures [22]. 

The design of experiments (DOE) is a strategy of planning, conducting, analysing, 
and interpreting experiments, in order to take valid conclusions effectively and eco-
nomically. However, the application of DOE by chemical engineers in industry is 
quite limited due to the lack of statistical knowledge in experimental design tech-
niques [23]. There are some examples concerning engineering students with statistical 
design of experiments by active learning projects [24]. 

Through the use of real case studies our master chemical engineering students are 
encouraged to use experimentation (DOE) by simulation as an important part of the 
learning process. The procedure for integrating design of experiments and simulation 
with Aspen HYSYS to improve distillation systems is illustrated in Fig.2. The starting 
point in order to design and optimize a distillation system using statistical tools and 
modular simulators consists in choosing a real case study, a distillation system to 
further optimize. After the selection of a case study from the literature the students 
need to implement and simulate the distillation system, in order to establish the initial 
conditions which are the conditions described in the literature (see Fig.2). 

By using this type of tools students learn to be conscious of what information they 
already know about the problem in hands, what information they need to know to 
solve the problem and the strategies to use. The articulation of such thoughts helps 
students become more effective problem solvers and self-directed learners [25]. 
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Fig. 2. Flowsheet for the design and improvement of distillation Systems integrating Aspen 

HYSYS and DOE. 

4 Design and improvement of distillation systems – two projects 
from a Portuguese chemical engineering master course 

The selected problems are based on distillation since this remains the primary sepa-
ration process used in industry for the separation of liquid mixtures. The challenge of 
both projects are to study alternatives in terms of configuration and design of distilla-
tion structures to improve the efficiency of the process and reduce energy consump-
tion which is of growing concern nowadays. 

Two different case studies were given to the students involving distillation pro-
cesses with thermal coupling. Despite the high potential of the distillation process 
with thermal coupling economic benefits, a lack of reliable design methods has con-
tributed for the low number of commercial solutions [26]. 

Therefore, it is still a challenging task for engineers to define near optimal design 
conditions for those systems in a simple and efficient manner in the initial stage of the 
design procedure. Several distinct configurations of thermal coupling systems can be 
implemented in commercial process simulators, but the challenge is to find optimal or 
near optimal solutions for the problem due to the large number of design variables of 
those systems which lead to tedious iterative simulations in order to find a proper 
structure. 

iJEP ‒ Vol. 7, No. 3, 2017 9



Paper—Designing Solutions by a Student Centred Approach: Integration of Chemical Process Simula… 

4.1 Project I 

This case consists of studying the optimal conditions for the fully thermally cou-
pled distillation columns, FTCDC, through process simulation with Aspen HYSYS 
and statistical experimental design to separate a mixture of 2-methylpropan-1-ol, 
butan-1-ol and butan-2-ol. To implement the initial conditions, the student started the 
design using the methodology proposed by Triantafyllou and Smith [27], using the 
preliminary design equations based on short-cut Fenske-Underwood-Gilliland-
Kirkbride method (FUGK) to find the initial configuration for the Petlyuk column. 
The design was implemented in Aspen HYSYS v7.3 and for the computation of the 
thermodynamic properties it was used the UNIQUAC model with the binary parame-
ters from the Aspen HYSYS database. A prefractionator followed by a product col-
umn characterizes this system. The first step of the design procedure applied the 
short-cut distillation method (FUGK) to obtain a first approximation for the Petlyuk 
structure. In this step, the student was able to identify the values, work levels, for the 
main variables of this system and implemented a new structure consisting on an ab-
sorber, which corresponds to the prefractionator, and a distillation column. The stu-
dent followed the guidelines for designing the experiments and identified the main 
design factors which were aggregated into two types: six structural factors and two 
operational factors. In the present case the student identified a total of 8 factors and 
concluded that would need a total of 256 simulations (experiments) in order to per-
form all the combinations which would be rather time consuming. In order to reduce 
the number of simulations and assuming the sparsity of effects principle a fractional 
factorial design was selected to obtain information on the main effects and low order 
interactions. The fractional factorial chosen was 2IV

8-4. This design only requires 16 
experiments reducing considerably the number of runs required for a full factorial 
experiment. In order to interpret the results of fractional factorial designs it is neces-
sary to take into account the alias relationships [28]. The response variable selected 
was the total cost obtained with the Aspen Economic Evaluation using the default 
definition [29]. With this tool, it is possible to obtain a rapid estimation of the capital 
and operational cost of each run. After performing the 16 experiments, the effects 
were estimated and a normal probability plot of the effects was built, in order to 
graphically judge the relevance of the factors and interactions. After ANOVA compu-
tation the student concluded that a total of 4 factors and 3 interactions affect signifi-
cantly the total cost (response variable), a result tested with ANOVA. After perform-
ing the fractional factorial design for process characterization the next step was the 
process optimization in order to find the set of conditions that result in the lowest total 
cost. In order to optimize the student decided to use the method of steepest descent, 
which is a procedure for moving sequentially along the path of steepest descent that is 
in the direction of the minimization of the response. A second cycle of simulations 
were performed varying the factors considered significant. The experiments were 
conducted along the path of steepest descent. After that, a third designed experiment 
was performed in order to further move along the path of steepest descent. After the 
whole process of optimization done sequentially, the final conditions of all factors 
(structural and operational variables) in order to minimize the total cost were deter-

10 http://www.i-jep.org



Paper—Designing Solutions by a Student Centred Approach: Integration of Chemical Process Simula… 

mined. The use of these conditions in the Petlyuk column allows a reduction of the 
total cost of 9.6 % relative to the initial conditions.  

After performing the statistical designed experiments, the student was able to veri-
fy that the final conditions were better than the initial ones and so the next step con-
sisted in testing the final conditions by dynamic simulation using the Aspen HYSYS 
in dynamic mode. This type of system is more complex than a traditional distillation 
column with more degrees of freedom. Taking in consideration the control objective 
and previous work done by Wolf and Skogestad [30] and Hwang et al. [31] it was 
chosen a LV configuration with SISO feedback control loops, adapted from the LV 
configuration used in traditional distillation columns. The control of the FTCDC sys-
tem is more complex than in a traditional distillation column and the results obtained 
showed that the response time of the system is higher when compared with a system 
of two columns for the same separation, but even so possible to control. The FTCDC 
control can be improved using model predictive control strategies. The student con-
cluded that the combination of statistical tools like DOE proved to be very useful in 
the simulation of multicomponent separation reducing considerably the number of 
simulation runs to achieve an optimized solution for a particular problem. In the case 
of this Petlyuk system a reduction of the total cost estimation of almost 10 % was 
obtained with a reduced number of runs. The dynamic simulation of the optimized 
Petlyuk column showed the possibility of operation of this system, but it is still neces-
sary to implement new control strategies to overcome the high response time ob-
served with the use of model predictive control as strategy to improve the perfor-
mance of these systems. Details of the study can be found in [32]. 

4.2 Project II 

This case concerns the design and optimization of an azeotropic distillation system 
with thermal coupling. A bioethanol dehydration process, requiring a significant 
amount of energy to overcome the azeotrope behaviour of ethanol-water mixture, was 
selected from the literature. The distillation system reported in the literature illustrates 
a new alternative process of intensification based on a dividing wall column (DWC) 
with energy saving and less equipment units when compared to the conventional 
azeotropic by extractive distillation configurations [33]. The student implemented by 
simulation with Aspen HYSYS v7.3 software this process consisting of a mixture of 
water and ethanol. The feed composition of ethanol is slightly lower than that of the 
composition of the well-known binary azeotrope formed between constituents. It was 
used n-pentane as mass agent to break the azeotrope obtaining a heterogeneous azeo-
tropic distillation scheme. The system consists of two columns connected in reverse 
order. In the main column it takes place the azeotropic distillation, yielding the ter-
nary azeotrope as a distillate and ethanol as a residue. The side stripper performs the 
recovery of the mass agent on the distillate stream, which is recirculated to the main 
column. The residue stream from this column consists essentially of water. Both col-
umns are joined by two streams, vapour and liquid in a thermally coupled distillation 
columns with side stripper (TCDC-SS) system. 
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After establishing the initial conditions of the system the student selected by hands 
on approach the factors to optimize namely structural and operational factors and the 
response variable, using the guidelines for designing experiments. Twelve factors 
were identified in order to optimize the system consisting of seven structural factors 
and five operational factors. With 12 factors, the number of runs required to perform a 
full factorial design (212) would require 4096 simulations, which would be unfeasible, 
due to the huge time required. However, the objective was to obtain information on 
the main effects and low order interactions and so a fractional factorial design would 
serve the purpose with the benefit of the reduced number of simulations to perform. 
Thus, a fractional factorial design 2IV

(12-7) was adopted, obtaining a design matrix of 
32 of experiments by simulation without replication [34]. 

With this design the 32 simulations were performed making changes in the struc-
tural and operating variables and the corresponding changes in the response variable 
(i.e. the respective total (investment plus operative) annualized costs for the several 
experiments, obtained through the Aspen Economic Evaluation. 

To analyse the data from the fractional factorial design the analysis of variance 
(ANOVA) was used. Optimization was performed in a sequential procedure with the 
method of steepest descent moving sequentially along the direction of the maximum 
decrease in the response. 

Fig. 3 presents the total cost starting with the base case (i.e. initial conditions), the 
case study reported in the literature, by implementation of the conditions of the work 
[33] followed by the sequential designed experiments achieving a cost reduction of 
32.1 %. The student was able to conclude the benefits of Integrating Design of Exper-
iments and Simulation with Aspen HYSYS in order to improve Distillation Systems 
and with this procedure it was possible to reach a huge reduction of costs for the sepa-
ration process of ethanol water mixture through azeotropic distillation. 

 
Fig. 3. Total annual cost versus optimization process for the azeotrope distillation system.  

The work levels of the improved system obtained by simulation in steady state 
were then tested by dynamic simulation. The goal of dynamic simulation is to verify 
if the system meets the designed objectives ensuring the specification in terms of 
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purity of the product of interest (ethanol). In order to make the transition from steady 
state to dynamic and perform the analysis of controllability it is required to perform 
some actions and changes concerning the process diagram created for the steady state 
and set an appropriate control strategy according to Aspen HYSYS - Dynamic Model-
ling Guide V.7.3. The control structure was defined and the applicable control loops 
introduced. After tuning the various controllers, it was possible to obtain a stabilized 
system. The student also analysed the overall behaviour of the system due to the in-
troduction of disturbances. It was also possible to implement a control structure that 
allowed an adequate response in relation to the introduced disturbances, proving that 
the final conditions are feasible [35]. 

5 Evaluation of the projects and impact on students learning 

5.1 Evaluation of the projects  

Each final project was performed by one student according to the rules of the mas-
ter project and each student presented a written report, which was evaluated by a jury 
and also an oral presentation in order to defend the project in a public presentation. 
The key elements that the students had to demonstrate in their master project include: 
a) Were the objectives clearly stated?; b) Was the problem clear and well defined?; c) 
Has the design, modelling and analysis been clearly understood?; d) Are the results 
technically and economically feasible?; e) Are the conclusions effective?; f) Was the 
content well organized?; g) Was there an appropriate use of engineering tools neces-
sary to engineering practice?; h) Was the message clearly delivered? 

Each written report was evaluated by a jury with respect to the content and quality 
of the project. The jury evaluated the extent to which the research is innovative (i.e. 
contribution to a concrete system design new or improved one, the creativity and 
independence of the student in the introduction of new or improved concepts), the 
application of the correct research and methodologies, the extent to which the re-
search proposal has been met, the relevance of the project (i.e the applicability in 
practice, ability to put the research in context). 

The independence and professional skills of the students were evaluated (e.g. inde-
pendence, assimilation of feedback, communication skills, cooperation) as well as the 
students’ attitude to reinforce individual development, the commitment and enthusi-
asm with the project and the reflection upon their own work.  

Each student’s oral presentation has also been evaluated by the corresponding ex-
amination panel concerning the ability to communicate effectively (e.g. if the message 
is coming across, if the student has a captivating way of presenting concerning verbal 
capabilities as well as posture), insight in subject matter and coherence between dif-
ferent parts of the project (i.e. knowledge concerning contemporary analytical, com-
putational and experimental practices, know how in chemical process simulation 
software, and the skills in statistical experimental design, planning, conducting the 
experiments and the statistical analyses of the results). 
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The two examples of master projects described provided the students an opportuni-
ty to demonstrate acquired competences and skills concerning design, analysis, and 
control of advanced chemical processes. This includes abilities in requirements such 
as: 

a) Familiarity with statistics in real application environment;  
b) Competences in experimental design, data collection and data analysis;  
c) An ability to work professionally in chemical systems areas including the design 

analysis and improvement of such systems;  
d) Skills in the use of computational tools and  
e) Independent thinking, creativity and ability to tackle advanced chemical engi-

neering problems in real contexts. 

5.2 Impact of the projects on students learning 

The methodology used in both projects had a great impact on both students espe-
cially due to the hands on approach in statistical experimental design techniques and 
optimization, and also to the use of process simulators. The work had a great impact 
on student´s efforts to accomplish the tasks. According to students´ opinions the 
methodology followed was very helpful in order to increase their ability to work in-
dependently. The students exhibited a good attitude during the progress meetings and 
revealed active reflection upon their own work. The work also had a great impact in 
raising the communication ability of the students because the students felt stress-free 
in reporting the progress on intermediate steps. The students found the methodology 
very useful as reported by the comments they made during the project and also during 
the discussion of the project. The comments were very positive and some of their 
remarks are summarized below: 

“I found the use of statistical design of experiments very challenging because I had 
no previous experience on using these type of statistical tools during my course”  

“I found the project very challenging mainly due to the objective of optimizing a 
system that was already published in literature and I was afraid that there was not 
much space in order to further improve the system, which came to be a wrong 
thought”. 

“The implementation of the system to optimize was useful and allowed to apply 
my Aspen HYSYS skills” 

“I learn by hands on approach how to plan and perform the experiments and I think 
that DOE will be useful in my future profession” 

“I learned to model dynamic processes and this is likely to have much interest in 
the future as an engineer”. 

“I found very challenging looking for the information needed in order to solve the 
problem in hands” 

“I improved my skills in simulation with Aspen HYSYS concerning the conceptual 
design of distillation schemes for the separation of chemical mixtures”  

The comments of the students were very informative and in line with the objectives 
of each project. The students found very enriching using statistical experimental de-
sign techniques along with simulation using Aspen HYSYS by hands on approach 
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procedure and they were able to plan and perform the experiments using the right 
research and design methodologies. 

6 Conclusions 

This kind of inductive teaching and learning showed very enriching because it im-
posed more responsibility to the students for their own learning. In fact, students build 
their own thinking, discussed questions with the teachers and solved problems by an 
active learning process. The teachers guided the process without controlling the stu-
dents´ choices and that is an important issue to have into consideration. This is in 
accordance with de Graaff and Mierson [36] and Margetson [37] which refer that the 
role of the teacher is very challenging involving more than just subject knowledge. 
The students followed the orientations of the teachers but they were responsible for 
their decisions meaning that they decided how to implement the systems and the 
methods to use in order to optimize the systems. Students recognised the problem 
under study and were able to realize the complexity of the systems. The optimization 
of complex and real problems help them to develop content knowledge as well as 
problem solving, reasoning and self-assessment skills. The students realized that they 
were also acquiring the skills needed to be successful in the field because they had a 
clear picture of the role that chemical engineers may have in improving the perfor-
mance of the processes and recognized the relevance of undertaking engineering ac-
tivities in a way that contributes to sustainable development. Students also understood 
that computer software process simulation tools are essential for providing fast and, as 
much as possible, accurate solutions. Aspen HYSYS software for process simulation 
enabled simple and quick conceptual design of distillation structures in order to make 
separations of chemical mixtures being crucial in the design, analysis and evaluation 
of the processes. Both students found very enriching the fact of being able to identify 
the factors to optimize and select the response variable to measure and also to plan 
and develop the simulation runs and statistical analysis by themselves, evaluating and 
deciding which runs to perform in order to optimize the examples selected from the 
literature. The students found very motivational taking their own decisions concerning 
the procedure for moving sequentially along the direction of the costs minimization. 
The students also found very useful the knowledge they got in factorial and fractional 
factorial designs particularly the usefulness of these designs for screening the varia-
bles in the distillation system and determining those that are more important. They 
learned how to analyze the data from factorial designs and how to test the model ade-
quacy for factorial designs.  

The students felt the approach very useful to enrich their technical knowledge in 
relevant areas of chemical engineering increasing their expertise in tools which are 
widely-used across the industry to model steady-state or dynamic processes and to 
perform studies in order to optimize the systems. They also found that the work de-
veloped helped them to be conscious about the information they need to know to 
solve the problem in hands, about the strategies to use in order to optimize the sys-
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tems and above all allowed them to see the impact of the engineering solutions they 
reached.  

From the teachers’ perspective it was very important that students could learn by a 
hands on approach procedure how to improve a process with designed experiments. 
The simulation of distillation systems with tools, like Aspen HYSYS that the students 
already knew from some curricular units taught in the course was a starting point to 
deal with statistical experimental design in order to optimize a system published in the 
literature.  

The use of such tools associated with real cases allows students to see how useful 
statistics can be in their late careers in industry. The students improve their skills in 
problem analysis being able to convert an engineering problem into statistical terms 
from which appropriate solutions can be chosen.  

From the teachers’ viewpoint it is advantageous to integrate DOE with process 
simulation tools because it can overcome some issues related with available financial 
resources to explain and training this type of statistical techniques. Globally the meth-
odology was very helpful to promote self-directed learning and the adoption of a deep 
approach to learning where the students assumed a high level of responsibility for 
their own learning. 

This kind of projects allows students to contact with industrially relevant separa-
tion processes and were a good opportunity that the students fully used to act as engi-
neers applying their scientific and technical knowledge to successfully optimize distil-
lation systems. 

Due to the success of this type of procedure it is worth to apply to other type of 
systems and also to other type of chemical operations meaning that the work will have 
a potential impact on a wider public and can be placed in a wider educational context. 
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