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1 | INTRODUCTION

Victor R. Ferro® |

Anne Giroir-Fendler®

Abstract

Aspen HYSYS is a typical tool used in some Master in Chemical Engineering
courses at the University of Castilla-La Mancha like “Analysis and Optimization
of Chemical Processes” and “Dynamic of Process: Regulation of Chemical
Plants.” Automation is the process of linking commercial software to third-
parties applications built in EXCEL-Visual Basic for Applications. The capability
of automation as a powerful tool for simulating unprecedented complex
processes suggests that it could be a relevant background complement to the
classical one offered by a university. In this sense, a seminar about automation
based on the study of two cases: a refrigeration process and a production one
taken from literature, has been proposed at the University of Castilla-La Mancha.
The analysis of the survey performed for the subject evaluation resulted to be
very positive. Students consider the methodology of the course and the
potentiality of automation for developing their research and professional skills
appropriately. However, more examples are required to better understand the
automation concept and its potential application to other situations. Finally, they
declare that the concept of automation requires a lot of expertise and deep
knowledge of programming and the correct application of numerical methods for

solving complex problems.
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are Aspen Plus, Aspen HYSYS, Unisim, VMGSim,
ProMax, ChemCad, and so forth. They are very robust

Chemical process engineers deal with two types of tasks
[8]: the design of new processes and the analysis of
existing ones aiming, for example, to modify and/or
optimize them. The use of process simulation software
has had a great impact on the chemical engineering
(ChE) curricula during the last few years, being a very
powerful tool for the design and operation of chemical
plants. The most popular commercial process simulators

program packages capable of solving complex tasks
related to process engineering and give chemical
engineers the opportunity to make fast and complex
calculations. They offer chemical engineers the opportu-
nity to make fast and complex calculations. However, the
use of simulators requires assumptions, they have
restrictions, and, eventually, cannot satisfactorily be a
replacement for both complex situations not specifically
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envisaged by them and engineering judgment [5].
Particularly, Aspen HYSYS is a process simulator widely
used at an industrial level, especially for performing the
conceptual design, control, optimization, and process
monitoring in different stages of any project.

Despite all the advantages that simulators provide to
process engineers, several requirements and restrictions
related to their use can be identified. To make effective
use of the simulators, process engineers must know the
guidelines and assumptions of the models provided by
each simulator [6]. Thus, it is important to understand
in which cases they are useful and how to extract
information from them. A solution to the limitations to
the analysis of processes, not contemplated by commer-
cial simulators, but that could be performed through
interaction with them is to automate the simulation
process with third-party software like MS Excel-Visual
Basic for Applications (VBA). The use of the Excel
spreadsheet and VBA results is a powerful computational
tool for engineering students and practitioners for solving
real-life projects in different fields, for instance, hydraulic
engineering [11].

Automation permits programmers to expose objects
within a program to be used by other applications. By
using an automation client like VBA, embedded inside
MS Excel, the end user can write the code to access these
objects and interact with Aspen HYSYS. The end user
does not need to see the Aspen HYSYS source code or
even understand what was required to expose the objects.
With a visual basic code, it is possible to send and receive
information to and from HYSYS, respectively. This way,
end users can introduce algorithms for solving specific
problems not considered by simulators and take advan-
tage of their extraordinary capability to estimate physical
properties. Some examples of automation can be found in
the literature. A straightforward method for calculating
the physical and chemical energies of the material stream
was proposed by linking Aspen HYSYS with MS Excel-
VBA codes [1]. VBA tools were also linked with Aspen
HYSYS for the safer design of heat exchanger networks
[13]. An interface between the commercial software
Aspen HYSYS and MS-Excel VBA was carried out to
study the effects of the environmental relative humidity
on the performance of the natural gas liquefaction
process [15]. Very recently, two further papers have
shown the capability of automation procedures based on
using Aspen HYSYS for effectively simulating processes:
a transcritical heat-driven compression refrigeration
machine with CO, as the working fluid [10], and a
whole green-field saturated gas plant [2]. The automation
concept has been also used in engineering applications
for connecting Excel-VBA with Mathlab [12] or C++
code. In a previous paper, the simulation of the

gasification of animal wastes in a dual gasifier using
Aspen Plus [4], and of an integrated process (pine
gasification, syngas cleaning, and methanol synthesis) by
using Aspen Plus [14] were performed. It also reported
an energetic analysis for hydrogen production via
catalytic steam and electrochemical ethanol reforming
processes by using Aspen HYSYS [7]. Moreover, Aspen
Plus and Aspen HYSYS were used in a learning
methodology based on the simulation of a sulfuric acid
plant [3]. Finally, the COSMOSAC property model has
been used in Aspen Plus for studying the CO, absorption
[17] and liquid-liquid separation of aromatic—aliphatic
mixtures [9, 16] with ionic liquids as solvents.

Very recently, the values of the binary interaction
parameters of the e-NRTL model for different salts in the
water included in the Aspen Plus database were refined
[19]. The e-NRTL equation was solved by using a
procedure implemented in Aspen Plus by linking the
process simulator and the Excel VBA code via automa-
tion as the third-party software.

The present study reports the pedagogical methodology
followed in the seminar of “Automation with Aspen
HYSYS” integrated into the courses of Master in ChE at
the University of Castilla-La Mancha “Analysis and
Optimization of Chemical Processes” and “Dynamic of
Process: Regulation of Chemical Plants.” Two independent
study cases were considered: a refrigeration process (similar
to the process which has appeared in tutorials of the different
Aspen HYSYS releases), and the production of biphenyl
whose data were taken from the literature [18]. Furthermore,
the evaluation of the feedback from the students concerning
the learning methodology was evaluated.

2 | MATERIALS AND METHODS

2.1 | Seminar description

As above mentioned, the seminar of “Automation with
Aspen HYSYS” was integrated into the courses of Master
in ChE at the University of Castilla-La Mancha “Analysis
and Optimization of Chemical Processes” and “Dynamic
of Process: Regulation of Chemical Plants.” Both formal
courses are mandatory six European Credit Transfer
System credits course of the first semester of the
ChE Master mentioned. The students at this level must
accredit to have the competencies and background in
both conceptual design of chemical processes and
simulation with the commercial simulator Aspen HYSYS
to develop both general and (heat exchanger networks)
optimization strategies, and complex flowsheets which
must be run in dynamic mode including different
multivariable process control configurations.
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Five hours is the time required to develop all the
contents proposed in the seminar. First, EXCEL-VBA
concepts explained in previous courses are quickly
reviewed in order for the students can better understand
the code used in the applications. Furthermore, students
must individually work on a couple of proposed cases:
evaluation of the relative gain array of a process and
determination of the existence and composition of
homogeneous azeotropes. These latter examples plus
others like the optimization of a distillation tower with
side draws, determination of the temperature and
concentration profiles inside a catalyst particle by
considering the reaction, and the simultaneous non-
isothermal internal and external diffusion phenomena
and solution of a multistage separation problem could be
considered for further potential papers.

2.2 | Motivation and learning outcomes
The aim of the seminar was to introduce the students to
the concept of automation with the commercial software
Aspen HYSYS and its capability for tackling in a more or
less simple way the simulation of complex chemical
processes by accessing the exposed objects of the simulator
with other commercial software (third party software) like
Mathlab or homemade codes designed by users. This
methodology would allow to simulation of processes that
the simulator in its standard configuration could not.

The main objectives or learning outcomes of the
seminar were:

« To introduce the concept of automation of commercial
simulators taking Aspen HYSYS as the reference one.

« To develop the concept through different cases of
study.

« To know the objects required by VBA to interact with
the simulator.

Students who were participating in the seminar had
passed different courses before attending it:

- Numerical methods and computer applications in
ChE (BSc).
- Simulation of chemical processes (BSc).
In addition, the seminar was taught at the end of
the following MSc in ChE courses:
- Analysis and optimization of chemical processes.
- Dynamic of the process: Regulation of chemical plants.

It is expected that the seminar contributes to
decidedly improving the simulation background of the

students and gives them added value to their future
professional skills.

2.3 | Computational details

According to the Aspen HYSYS customization guide
provided by Aspen Technology Inc. (AspenTech), “Auto-
mation is the ability to programmatically interact with an
application through objects exposed by developers of that
application.” Aspen HYSYS V11 was employed in this
study as the reference simulator. Converged process flow
diagrams were defined for each of the examples
considered: a refrigeration process, and the production
of biphenyl whose data were taken from the literature
[18]. The aim of the first case study is to demonstrate the
capability of the automation process by sending specific
values to the simulator and collecting data from it once
the case is converged. The aim of the second one is to
compute the value of the ratio of molar flows C/E in the
splitter (initially set to 0.5) that leads to a value of that
temperature of 1100°F, by using a VBA subroutine that
runs the Regula-Falsi method.

Although the automation concept was applied in the
same way for both cases of study, the strategies followed
for reaching the solution demanded by each one were
different. Thus, additional information was included in
the next section to facilitate a better understanding of the
specific strategy followed in each case. Process variables
used in the different computations were imported or
exported from Aspen HYSYS to MS Excel-VBA and vice
versa via object linking and embedded (OLE) automa-
tion. VBA codes controlled the process and performed all
the external computations out of Aspen HYSYS.

When an application is exposed for automation, a
separate file is usually created that lists all the objects
and their respective properties and methods. In this case,
the file HYSYS 11 type library must be selected. For this
purpose, one must also select the references command in
the VBA tools menu, check the box next to the
abovementioned file, and then click the OK button.

3 | RESULTS AND DISCUSSION

31 |
process

Case of Study 1: Refrigeration

Figure 1 shows the refrigeration example considered in
this study. Data shown in this figure can be used for
constructing the Aspen HYSYS case. Peng-Robinson was
considered as the fluid package.
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COMPRESSOR Cold Water
To Comp Energy Temperature 25.00 | C
Vapour Fraction | 1.0000 Piessiie 1520 || kP9
Pressure 3837 | kPa Master Comp Mole Frac (H20) | 1.0000
To Comp To Cond
To Cond Cold Water
Cold Octane Pressure 1289 | kPa
Cold Octane
EVAPORATOR
Temperature -13.00 | C CONDENSER
LL
Pressure 197.6 | kPa
Hot Water
Temperature ‘ 35.00 | C
Pressure 1 141.9 | kPa
Hot Octane To Evap [ ] To Valve

Hot Octane VALVE Hot Water
Temperature 0.0000 ‘ c To Evap To Valve
Pressure 202.6 ‘ kPa Pressure 275.8 | kPa Vapour Fraction 0.0000
Master Comp Mole Frac (n-Octane) | 1.0000 ‘ Mass Flow 2449 | kglh Pressure 1276 | kPa

Master Comp Mole Frac (Propane) 1.0000

FIGURE 1 Aspen HYSYS flowsheet of Case 1: Refrigeration process, with the data required for reaching a convergence

AUTOMATION
Refrigeration Cycle

[ BORRARI1 HYCONEXION ]
Clear Sheet HYSYS Simulation Data

END

DEFHYSYS
inp

s

o]

FIGURE 2 Block diagram corresponding to Case 1

The block diagram used for designing the Excel-VBA
application is shown in Figure 2. Students can use an
Excel file template which allowed them to build the final
application (Supporting Information: Figures S1 and S2).
Two sheets are defined: CALCULOS (where students can
introduce the scenarios to be analyzed) and HYSYS
(where students can extract the main data of the
simulation: fluid package, components, material streams,
energy streams, operations and numeration, and names
assigned to all of them and define the allocation and
write the name of the HYSYS file used in the automation
process). Regarding the block diagram, different modules
must be defined:

- BORRAR: This module clears cells in sheet Aspen
HYSYS where results must be listed once the module
HYCONEXION is run.

- HYCONEXION: This module read the Aspen HYSYS
file and lists the main data of the simulation above
mentioned.

- WAYIN: This is the module that makes the automa-
tion. It calls module BORRAR and cleared the cells

in sheet CALCULOS. Then, it is called module
DEFHYSYS.

- DEFHYSYS: This is the module where, apart from the
definition of public variables used by the application,
the different instructions and objects are also defined:

File name reading from sheet HYSYS
fichHYSYS = Cells (8, 5)

Creation of the application object and file allocation
Set hyApp = CreateObject (“HYSYS.Application”)
hyApp.SimulationCases.Open (f£ichHYSYS)

Application not visible when running
hyApp.Visible = False

Definition of the simulation case
Set hyCase = GetObject (f£ichHYSYS, “HYSYS.Simulation

Case”)
Definition of objects that allows to access the basic

manager, the fluidpackage, the components and the

flowsheet
Set hyBasis = hyCase.BasisManager ' BASIC MANAGER
Set hyFluidPackages = hyBasis.Fluid ' FLUIDPACKAGE
Packages.Item(0)
Set hyComponents = hyFluidPackages. ' COMPONENTS
Components
Set hyFlowsheet = hyCase.Flowsheet ' FLOWSHEET

Definition of the material streams used
Set hystreamOCTCAL = hyFlowsheet.Streams.Item
(“Hot Octane”)
Set hystreamOCTFRIO = hyFlowsheet.Streams.Item
(“Cold Octane”)
Set hystreamAGFRIA = hyFlowsheet.Streams.Item
(“Cold Water”)
Set hystreamAGCAL = hyFlowsheet.Streams.Item
(“Hot Water”)
Set hystreamPROP = hyFlowsheet.Streams.Item(“To Evap”)
Definition of the energy stream used
Set hystreamQ = hyFlowsheet.EnergyStreams.Item
(“Energy”)
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In module WAYIN, the input data are used to interact
with Aspen HYSYS. If units of the transferred variables are
not defined, by default Aspen HYSYS considers them what
it defines as an SI units system. It is highly recommended to
define the SI units system in this simulation case and then
check the actual units the simulator is handling. Thus:

For I=1To N
Values are assigned to the variables which

will be update in the simulation

hystreamOCTCAL.TemperatureValue = TOCT- "°C
CAL(I)
hystreamAGFRIA.TemperatureValue = TAG- "°C
FRIA(I)
hystreamPROP.MassFlowValue = MFLOWPROP "kg/s
(1)/3600
Values computed by Apen HYSYS are collected
FOCTANO = hystreamOCTCAL.MolarFlowValue ' kmol/s
FWATER = hystreamOCTFRIO.MolarFlowValue ' kmol/s
TOCTFRIO = hystreamOCTFRIO.Temperature- '°C
Value
TAGCAL = hystreamAGCAL. TemperatureValue ' °cC
WCOMP = hystreamQ.PowerValue ''kJ/s, kW
CP = hystreamOCTCAL.MolarHeatCapacityValue ' kJ/kmol.K

VISCOSIDAD = hystreamOCTCAL.ViscosityValue ' cp

DENSIDAD = hystreamOCTCAL.MassDensityValue ' kg/m’
XOCT = hystreamOCTFRIO.ComponentMolar- ' n-Octane
FractionValue (2)
Collected data are printed in sheets CALCULOS

Cells (4 +1I, 4) =TOCTFRIO ' ec
Cells (4 +I, 5) = TAGCAL ' ec

Cells(4+1I, 6) =FOCTANO * 3600 ' kmol/h
Cells(4+1I, 7) =FWATER * 3600 ' kmol/h
Cells(4+I, 8) =WCOMP ' kW
Cells(4+1I, 9)=CP ' kJ/kmol.K
Cells(4+1I, 10) =VISCOSIDAD ''cp
Cells(4+I, 11) = DENSIDAD ' kg/m®
Cells(4+1I, 12) = XOCT 'kg/m*

Next I

Figures S3-S8 show the complete VBA code for
buttons and modules used in the application associated
with Case of Study 1. Finally, Figures 3 and 4 show the
components, the fluid package, the streams, the equip-
ment, and the file allocation of the Aspen HYSYS
simulation (sheet HYSYS) and the set of data used, and
the corresponding results obtained from the Aspen
HYSYS interaction (sheet CALCULOS), respectively.

3.2 | Case of Study 2: Production of
biphenyl

Similarly, Figure 5 shows the example considered in this
study. The variables listed in the flowsheet also allow for

converging the case. Soave-Redlich—-Kwong was consid-
ered as the fluid package. The value of the temperature of
Stream A is for this set of variables equal to 907.5°F.
First, it was verified that the searched ratio C/E was in
the interval 0.7 (T, = 1033°F) and 0.9 (T4 = 1188°F).

In this case, a spreadsheet is used since through the
spreadsheet operation is possible to access nearly every
property or value in HYSYS even if the object associated
with that property is not exposed as an automation
interface. Figure 6 shows how the spreadsheet was
designed in the simulation. The value to be modified by
the VBA application is in cell B2 while cell Bl was
associated with the former as shown in the figure.

The block diagram used for designing the Excel-VBA
application is shown in Figure 7. Again, students can use
a file template which allowed them to build the final
application (Figures S9 and S10). Two sheets were also
defined with the same purpose as that of Case 1:
CALCULOS and HYSYS. Regarding the block diagram,
different modules must be also defined. Modules
BORRARI1 y HYCONEXION in Case 2 is equal to that
of Case 1 so they will be not described next. This way:

- WAYIN: This is the module that makes the Automa-
tion. It calls module BORRAR which clears the cells in
sheet CALCULOS. Then, it calls module DEFHYSYS
and module FALPOSICION which performs the
iterative procedure.

- DEFHYSYS: This is the module where, apart from the
definition of public variables used by the application,
the different instructions and objects are also defined:

File name reading from sheet HYSYS
fichHYSYS =Cells (8, 5)

Creation of the application object and file allocation
Set hyApp = CreateObject (“HYSYS.Application”)
hyApp.SimulationCases.Open (£ichHYSYS)

Application not visible when running
hyApp.Visible = False

Definition of the simulation case
Set hyCase = GetObject (£ichHYSYS, “HYSYS.Simulation

Case”)
Definition of objects that allow to access the basic
manager, the fluidpackage, the components and the
flowsheet

Set hyBasis = hyCase.BasisManager BASIC MANAGER

Set hyFluidPackages = hyBasis. ' FLUIDPACKAGE
FluidPackages.Item(0)
Set hyComponents = hy- COMPONENTS

FluidPackages.Components
Set hyFlowsheet = hyCase.Flowsheet ' FLOWSHEET
Definition of the material
streams used
Set hystreamA = hyFlowsheet.Streams.Item(“A”)
Set hySS =hyCase.Flowsheet.Operations.Item
(“SPSHEET”)
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=] [&Grabar macro = Propiedades B @ Importar
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Visual Macros Complementos Complementos Complementos | Insertar Modo Origen
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1] REFRIGERATION CYCLE
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)
s 1 H20 [ Data i by the user |
) 2 n-Octane | Results from the application |
7
8 [ HYSYS case: [iMac\HomeULVUCLM REVISITED\RESEARCH UCLM\Education\2021. Automation\2021-11-16. ciclo de refrigeracién.hsc
9
10
1
12 Fluid Package
13
14
15 MATERIAL STREAMS EQUIPMENT ENERGY STREAMS
16 0 To Valve EVAPORATOR 0 Energy =
17 1 To Evap
18 2 To Comp compressor COMPRESSOR
19 3 Hot Octane valveop VALVE
20 4 Cold Octane
21 5 To Cond
22 6 Cold Water
23 iz Hot Water
24
25
26
27
28
29
B : =
CALCULOS | HYSYS ® [ ] D}
Ready :::] O -—F——+ 110%

FIGURE 3 Components, fluid package, streams, equipment, and file allocation of the Aspen HYSYS simulation corresponding

to Case 1
Archivo  Inicio  Insertar  Dibujar  Disposicion de pagina  Formulas  Datos  Revisar  Vista Aspen Properti Aspen Si Ayuda  Aspen Utilities V12.1 % Compartir ¢ Comentarios
2 F—_ [ES Grabar macro o= [E] Propiedades @ importar
@ ~LJ' B8 Usar referancias relatvas O() @ E{!} Eﬁ [l ver codigo @3 Paquetes de expansion 2
Visual Macros C C Insertar Modo '9 Origen —
Basic A\ seguridad de macros de Excel com v Disefio [E! Ejecutar cuadro de didlogo '
Cadigo Complementos Controles XML A
L2 * Jx v
A B C D E F G H | J K L M -]
1 AUTOMATION COMPUTATIONS | “
2|
3 INPUT VARIABLES OUTPUT VARIABLES
4 THot octane (°C)|TCold Water (°C)Propane flowrate (kg/h)TCold Octane (°C) THot Water (°C)|Octane flowrate (kmol/h)|Water flowrate (kmol/h)| Wcompressor (kW) (Cp,Hot Octane (kJ/kmol.K) JAHot Octane (cpllp(ol (kg/!
5 25 15 000 = 35. 22,692 22.692 61.491 241.287 .51 00.162 .0000
6 25 20 448 - 35. 55.550 55.550 150.531 241.287 .51 00.162 .0000
7 25 25 000 - 35. 90.768 .768 245.966 241.287 .51 00.162 .0000
8 12.5 15 000 « 35. 34.369 34.369 61.491 233.883 .60 10.386 .0000
9 12.5 20 448 - 35. 84.134 84.134 150.531 233.883 .60 .386 .0000
10 12.5 25 4000 - 35. 137.474 137.474 245.966 233.883 .60 .386 .0000
1 5 15 1000 - 35. 49.171 49171 61.491 229.433 .664 .454 .0000
12 5 20 2448 - 35. 120.369 120.369 150.531 229.433 .664 .454 .0000
13 5 25 400 - 35. 196.682 196.682 245.966 229.433 .664 .454 .0000
14 0 15 100 - 35. 68.533 68.533 61.491 226.462 B 20.474 .0000
15 0 20 244 - 35. 167.768 167.768 150.531 226.462 20.474 .0000
16 0 25 400 - 35. 274.131 274.131 245.966 226.462 20.474 0000
17
18
19
20
21
22
23
24
25
26
27
28
29 =
% &l
CALCULOS HYSYS | (&) K1 ] Ll
Ready. B W @ ——+ 10%

FIGURE 4 Setof input data y results corresponding to Case 1. Input variables: Temperature of streams Octane and Cold Water, and
flowrate of propane. Output variables: Temperatures of streams Cold Octane and Hot Water, the flowrate of water, work in the
compressor, physical properties (heat capacity, viscosity, and density) of stream Hot Octane, and composition of n-octane in stream

Cold Octane.
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FIGURE 5 Aspen HYSYS flowsheet of Case 2: Biphenyl production [18], with the data required for reaching a convergence

- FALPOSICION: It is the module that allows running
the Regula-Falsi method. It calls module FUNUNA
where the function to make zero is defined. This way:

The value to be optimized by the Regula-Falsi method is
updated
hycell.CellValue=X
A pause of 1second is introduced to leave time the
simulation to converge
Application.Wait (Now + TimeValue (“00:00:01"))
The temperature of stream A computed by the application
is collected in Fahrenheit degrees
TACALC = hystreamA.Temperature.GetValue (“F”)
The function to make 0 (F) is computed, where TA is the
objective temperature (1100°F)
F=TA - TACALC

In this case, WAYIN is defined as follows:

Definition of the row (rw) and column (col) in the
spreadsheet where the variable to be modified is defined,
the object and data reading (objective temperature):

rw=1: col =1 FIRST ROW AND FIRST COLUMN ARE NUMBERED IN
HYSYS AS 0
Set hycell =hySS.Cell (col, rw)
TA=_Cells (3, 2)
Initial values of the C/E ratio are read
X0=Cells(6, 2): X1=Cells (7, 2)
Computation of the values of T, for X0 and X1
Hycell.CellValue = X0
Application.Wait (Now + TimeValue (“00:00:01"))

TACALC = hystreamA.Temperature.GetValue (“F”)
Cells (6, 4) = TACALC
hycell.CellValue=X1
Application.Wait (Now + TimeValue(“00:00:01"))
TACALC = hystreamA.Temperature.GetValue (“F”)
Cells (7, 4) = TACALC

Call to Regula-Falsi method
Call FALPOS (X0, X1, FF, XX, ICON)

Results are printed in sheets CALCULOS
Cells (9, 2) =XX: Cells (9, 4) = TACALC
Cells (10, 2) =FF: Cells (10, 4) =ICON

Figures S9-S18 show the complete VBA code for
buttons and modules used in the application associated
with Case of Study 2. Finally, Figures 8 and 9 show the
components, the fluid package, the streams, the equip-
ment, and the file allocation of the Aspen HYSYS
simulation (sheet HYSYS) and the objective temperature,
the initial estimations of the C/E ratio and the results
obtained from the Aspen HYSYS interaction (sheet
CALCULOS), respectively. As observed in the latter
figure, the value of the C/E ratio that led to a temperature
of the A stream equal to 1100°F resulted to be 0.852. The
result was obtained after eight iterations.

3.3 | Academic results

The effectiveness of the training activities and methodol-
ogy used were assessed by an anonymous online survey
performed by the 14 students attending the seminar. This
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FIGURE 6 Configuration of the spreadsheet in Case 2. The value of the ratio C/E to be modified by the VBA application is in cell B2
while cell B1 was associated with the former. VBA, Visual Basic for Applications.
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survey was based on enunciating questions in a positive
way and included the general assessment of the seminar
and the learning methodology based on study cases used
in the seminar (Table 1). To collect qualitative feedback
on their experience, the survey was rated on a scale of
0-5: strongly disagree, disagree, neutral, agree, and
strongly agree. In addition, the response rate was higher
than 90% of the total students. The responses to the
survey for questions shown in Table 1 are shown in
Figure 10. All the questions but question 12 (“The
knowledge acquired is easy to transfer to other situa-
tions”) reached marks higher than 4 and close to 4.5
(between agree and strongly agree). That means that
students consider the methodology of the course and the
potentiality of automation for developing their research
and professional skills appropriately. In addition, the

AUTOMATION
Biphenyl Production

APPLICATION

HYCONEXION
simulation Data
FUNUNA
Function Definition

FALPOSICION

Regula Falsi Procedure

WAYIN

HYSYS conexion

BORRAR1

Clear Sheet HYSYS

BORRAR
Clear Sheet CALCULOS

results obtained clearly demonstrate that more examples
are required to better understand the automation concept
and its potential application to other situations. Students
also consider that both cases of study are well presented
and a basic knowledge of both VBA programming and
simulation with Aspen HYSYS is required. The low mark
obtained with question 12 could be related to the
complexity of the automation procedure for being
translated to other cases because it requires a lot of
expertise and a deep knowledge of programming and the
correct application of numerical methods for solving
complex problems. Questions 5 (“Analysis of more cases
is required to better understand Automation”) and 6
(“The proposed cases allow us to understand the
potential of the use of Automation”) were the next less
rated. This information will be used as a reference for
improving the performance of the students in future
editions of the seminar.

4 | CONCLUSIONS

The capability of automation as a powerful tool for
simulating complex processes suggests that it could be a
relevant background for future chemical engineers. This
work summarizes the seminar about automation orga-
nized by the University of Castilla-La Mancha (UCLM).
Two study cases were considered: A refrigeration process
and a production one taken from the literature. This pilot
seminar has been initially taught at UCLM. Detailed
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TABLE 1 Survey questions regarding the general assessment
of the seminar and the learning methodology based on study cases

1. Basic knowledge of Excel-VBA is required
2. Basic knowledge of advanced numerical methods is required
3. Basic knowledge of using Aspen HYSYS is required
4. The case studies are well presented
5. Analysis of more cases is required to better understand
automation
6. The proposed cases allow us to understand the potential of
the use of automation
7. Knowledge of automation can solve complex simulation
cases
8. The knowledge acquired is easy to transfer to other
situations
9. Knowledge of automation serves to improve the professional
skills of the student
10. Knowledge of automation can be used in research
11. The student has acquired a superior knowledge about the
simulation of processes
12. The knowledge acquired is easy to transfer to other
situations
13. Knowledge of automation serves to improve the
professional skills of the students
14. Knowledge of automation can be used in research
15. The student has acquired a superior knowledge about the
simulation of processes

Abbreviation: VBA, Visual Basic for Applications.

information about the correct way to implement
automation by combining the commercial simulator
Aspen-HYSYS and Excel-VBA is reported. All the
questions raised in the survey but question 12 (“The
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FIGURE 10 Survey results for questions listed in Table 1

knowledge acquired is easy to transfer to other situa-
tions”) reached marks higher than 4 and close to 4.5
(between agree and strongly agree). That means that
students consider the methodology of the course and the
potentiality of automation for developing their research
and professional skills appropriately. In addition, the
results obtained clearly demonstrate that more examples
are required to better understand the automation concept
and its potential application to other situations. Students
also think that the concept of automation requires a lot of
expertise and deep knowledge of programming and the
correct application of numerical methods for solving
complex problems. In general, because the survey results
for the subject evaluation conducted by UCLM resulted
to be very positive, in terms of the degree of satisfaction
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and achievement by students, it is expected the seminar
to be repeated in the future. For those purposes, more
challenging cases of study as the following ones:
evaluation of the relative gain array of a process and
determination of the existence and composition of
homogeneous azeotropes, will be considered.
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