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a  b  s  t  r  a  c  t

In this study, an operator training simulator was developed for an isopropyl-alcohol produc-

ing  plant. The main product of this plant is isopropyl alcohol — water azeotrope, by-product

is  diisopropyl ether which are formed by direct hydrolyzation of propylene via strong acid

cation exchange resins. Firstly, the steady-state simulator of the plant was developed. The

next  step was to develop the dynamic simulator and the control system of the process.

Reference data – main parameters of the equipments and streams – for this simulator was

provided by the stationary simulator. The simulator contains the preheater and the reac-

tion subsystems. Finally, an operator screen was developed and connected to the dynamic

simulator via UniSim Excel Interface Tool.

This operator training simulator can be used for analysis and optimization of the process.

The  OTS, which was tested by students, can be applied by chemical engineering students

in  different tasks – analysis, optimization and scenario – hence it can be used in education.

By  the use of this OTS the students may acquire adequate knowledge to control, optimize

a  process and handle malfunctions. This knowledge will be useful for them to operate the

control system of a chemical plant.

Honeywell’s UniSim
®

Design was used in the present simulation and further studies.Q4

© 2017 Published by Elsevier B.V. on behalf of Institution of Chemical Engineers.

1.  Introduction

In the chemical industry and many  other industries process
simulators are increasingly used due to their all-round appli-
cability. These are model based applications that can be used
for design technologies, development, analysis and optimiza-
tion of chemical processes. These simulators must use models
based on reliable physical phenomena including transfer pro-
cesses, thermodynamics, reaction kinetics, etc. to obtain the
precise reproduction of reality (Gerlach et al., 2014). Moreover,
the simulator consists of basic operation units – valves, ves-
sels, pumps, heat exchangers, etc. in combination with the
suitable fluid package – to determinate the physical and ther-
modynamic properties (Le Floc’h and Parmentier, 2005).Q5

Controlling chemical processes requires professionals with
proper experience. An estimated amount of billions of dol-

∗ Corresponding author.Q3
E-mail address: j.puskas92@gmail.com (J. Puskás).

lars are lost annually in the process industry due to operator
errors made during hazardous situations (Siminovich and
Joao, 2014). The operator training simulator (OTS) can be used
to train the operators, prepare them to control technologies
and solve different case studies by simulating them. These
simulators consist of the dynamic simulator of the process and
the model of the distributed control system (DCS) connected
to a human machine interface (HMI). This HMI is used as the
main interface of these programs, which is the same as the
plants, except this is linked with process simulators instead
of real processes (Roe et al., 2010). Operators can get enough
experience by training on the simulators that they can control
the technology safely and effectively (Balaton et al., 2012).

There are two kinds of OTS: stimulation and emulation
OTS. The former is plant specified, which means the HMI  of
the OTS is the same as the plants. It may be used to train
beginner operators. The latter is technology specified and can
be used by engineers. The advantage of the emulation OTS is
that it needs fewer resources than the stimulation OTS, since
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the simulator of the control system is integrated to the process
simulator (Balaton et al., 2012).

The isopropyl alcohol (IPA) producing plant was chosen
for our OTS because IPA is a widely-used solvent, detergent
and disinfectant. It is also used as intermediate in pharma-
cology and acetone producing. The most common process
for IPA production is the hydrolysation of propylene. Earlier
sulphuric acid was used as catalyst, but nowadays the direct
hydrolysation is preferred due to the lower environmental pol-
luting effect. The changing of the oil industry may increase the
amount of petrochemical compounds which can be favourable
for these technologies. The catalysts of these reactions are
acidic components which are bounded to solid support such
as phosphoric acid, silico tungstic acid or strong acid cation
exchange resins. The two main reactions (Eqs. (1) and (2)) can
be written down  the formation of the product and the by-
product which is diisopropyl ether (DIPE) (Kirk-Othmer, 2007).Q6

CH2 = CH − CH3 + H2O
K1⇔(CH3)2CH − OH (1)

2(CH3)2CH − OH
K2⇔

[
(CH3)2CH

]
2
O + H2O (2)

The equilibrium constants of these reactions were
described with Arrhenius-type equations (Eqs. (3) and (4))
(Petrus et al., 1984).

K1 = 5.29 × 10−6 × exp
(

− 55.0
R × T

)
(3)

K2 = 8.55 × 10−2 × exp
(

− 10.8
R × T

)
(4)

These equilibrium reactions might be shifted in the direc-
tion of the product by applying higher temperature and
pressure, or by facilitating an acidic catalyst. The Deutsche
Texaco technology was selected because direct hydrolysation
was applied in the process, furthermore the use of special
construction material was not justified due to the reaction
condition not being extreme (130–160 ◦C and 8–10 MPa). The
conversion (0.75) and the selectivity (0.92–0.94) of the process
were also acceptable (Kirk-Othmer, 2007).

2.  Methodology

To create an OTS, dynamic simulator of process and control
systems are necessary as well as the HMI. At first, we had to
get the plant data; due to lack of said data we developed a
steady-state simulator to estimate it. In the present study, an
emulation OTS was developed so the control system was inte-
grated to the process simulator. The last step was to create the
HMI  and its connection to the process simulator. This chapter
describes the steps of building the steady-state simulator, the
dynamic simulator, and the OTS.

2.1.  Steady-state  process  simulator

The flowsheet of the process is shown in Fig. 1. The plant
processes 600 kmol/h propylene which is an average capac-
ity of similar plant types. The feed was propylene with 92%
(mol%) purity because of the propane content and the water
(100% purity). The pressure of the hydrocarbon feed is 15
bar(a) and its temperature is 25 ◦C. The pressure of the water
feed is 3 bar(a) and its temperature is 25 ◦C. The pressures
and the temperatures of the feeds are raised by pumps and

heat-exchangers to the reactor pressure and temperature to
80 bar(a) and 160 ◦C. The water–propylene mass ratio is 14:1,
with 0.8 h−1 LHSV. The water and propylene are fed in the
upper part of the reactor. After the reaction section, a sepa-
rator recovers the unreacted hydrocarbons from the reaction
mixture. A part of it was blown-down, another part was recir-
culated. In the first distillation column, the water is separated
from the mixture. In the second distillation column, the prod-
uct is separated from the by-product. The main product of
this plant is IPA with azeotrope composition, the by-product
is DIPE-rich fraction.

Honeywell’s UniSim
®

Design was used to develop this
technology to a steady-state simulator. This is an intu-
itive process modelling software that helps engineers create
steady-state and dynamic models for plant design, per-
formance monitoring, troubleshooting, business planning,
and asset management (Siminovich and Joao, 2014). UniSim
Design is also capable of simulating the start-up and shut-
down phase of a process (Ranade et al., 2012).

2.2.  Dynamic  process  simulator

The dynamic simulator was developed simultaneously with
the control system for the preheaters and the reaction sub-
systems. In every control loop PI controllers are applied which
were tuned with the built-in Auto Tuner. However, in some
cases manual tuning was necessary for the optimal work of the
controllers. The process flow diagram of the dynamic simula-
tor with the control system is shown in Fig. 2. In this simulator,
we apply controllers for mass flow (FIC), pressure (PIC), tem-
perature (TIC) and vessel liquid level (LIC) (Garg et al., 2017).
Cascade control is used in case of the vessels liquid level con-
trol, where the setpoint of mass flow controller was given by
the liquid level controller (Komulainen et al., 2016).

2.3.  Human  machine  interface

The HMI of plant specified OTS is the same as used for plant
control, so the operators are able to learn on the same plat-
form as they work on. To develop the HMI, Microsoft Excel
was used. It is a widely known spreadsheet program, which
features calculation, pivot tables, graphing tools, and a macro
programming language called Visual Basic for Applications
(VBA). Thanks to these features, a HMI similar to industrial
ones can be created without deep programming knowledge.
In the future, the use of VBA can make the necessary modifi-
cation easier as well.

The main property of the streams, units are shown in this
screen and the User can set the set point of the controllers
via this HMI. It has two subscreens: the actual properties are
displayed, the set points, and the graph of specific energy –
the energy needed to produce one kilogram IPA – could be set
in the first subscreen as shown in Fig. 3, the graphs contained
the properties of each streams or unit change over the time are
shown the second subscreens. The second subscreens might
be called with the “Trend” buttons next to the actual stream
or equipment.

2.4.  Connection  between  the  HMI  and  the  simulator

UniSim Excel Interface Tool was used to make connection
between the dynamic simulator and the HMI. UniSim Excel
Interface Tool is an Excel based tool that works with UniSim
Design. It has two methods of operation: Excel based case
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