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Abstract 

This case study investigates the co-simulation of an extractive distillation column using Aspen Dynamics 

together with MATLAB Simulink toolbox. This extractive distillation column separates Methyl Cyclo 

Hexane (MCH) from Toluene by using input Phenol as a third component (entractant) to move the 

ternary system beyond the azeotropic point. The study started with testing the steady state model of 

the process in Aspen Plus; then continued with importing and testing the process dynamic model in both 

manual and automatic modes using Aspen Dynamics. Finally, the process model in Aspen Dynamics was 

connected to the built-in controllers in Simulink then the co-simulation of the controlled process was 

performed using Aspen Dynamics together with the MATLAB Simulink toolbox. 

The case study was an example taken from Aspen Dynamics version 8.4v. With the newest version of 

Aspen Dynamics and Simulink version 8.4 operating platform Windows 7, it is required to install the 32 

bit MATLAB to address compatibility issues between Aspen Dynamics and MATLAB. 

The same control system design including four conventional controllers was implemented by Aspen 

Tech in two different software package structures: in Aspen Dynamics stand-alone simulations and in 

Aspen Dynamics ς Simulink co-simulations to control the feed tank level, reboiler level, reflux drum level 

and top stream pressure of column by adjusting feed 2 flowrate, coolant flowrate to condenser, bottom 

(Toluene and Phenol) flowrate and product (MCH) flowrate. Then a new controller was developed in 

Aspen Dynamics and co-simulation to control the product (MCH) purity by adjusting entrainer (Phenol) 

flowrate. Advanced controller (DMC) has tried to be developed in co-simulation to replace PI controller. 

However, attempts to develop DMC had failed after few trials. 

All conventional controllers were tuned using auto tuning method in Aspen Dynamics using a special 

tool, which is 'tuning' tool. It gives the best control parameters to achieve the best possible control 

response. Set point changes and disturbance changes have been made to PI controllers and variables 

respectively, and it is intended to investigate the effect on product purity. The new controller is very 

helpful in improving the level of product purity. All run shows that Aspen Dynamics stand alone, or co-

simulation gives the same results in every test.  
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Before developing Dynamics Model control (DMC) in co-simulation, DMC examples exercises fǊƻƳ Ψ9bD 

пнлΩ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ƻƴ ŀ ǎƛƳǇƭŜ ŦƛǊǎǘ ƻǊŘŜǊ ǎȅǎǘŜƳ ƛƴ a!¢[!. ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ōŀǎƛŎǎ ƻŦ ǘƘŜ 

predictive control strategy along with the effect of design parameters. 

All results obtained are discussed in Section Results and Discussion. Guideline for the next thesis 

student has been outlined at the end of this report. Overall, most of the main objectives of this thesis 

was achieved with very satisfying results. However due to unforeseen circumstances and time 

constraints, DMC controller is not fully functional. 
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1 Introduction and Layout of the Project 

Engineering students at Murdoch University, especially those enrolled in Instrumentation and Control 

Engineering (ICE) course have been exposed to various software packages within three years of study. 

The most used software in the process control area includes Aspen One, MATLAB and toolboxes, and 

Lab VIEW. 

Each of these packages has its advantages and disadvantages in the process modelling and simulation. 

The primary objective of this project is to combine the special features of each software package, for 

example, co-simulating a distillation column using Aspen Plus, Aspen Dynamics, together with MATLAB 

Simulink toolbox. To achieve this target, the following work has been covered throughout the project 

and is presented in the thesis. 

¶ Section 1: Introduction and layout of the project 

¶ Section 2: Background, scope, and aim of the project 

This section describes the extractive distillation column used in the case study of the project. 

The comparison of different software packages used in modelling and simulation are presented. 

The scope and aim of the project are defined. 

¶ Section 3: Process modelling and simulation in Aspen Plus 

This section details the modelling of the extractive distillation column in Aspen Plus. Results of 

the simulations essential for exporting the model to Aspen Dynamics are presented as well 

¶ Section 4: Dynamic simulation and process control in Aspen Dynamics 

This section defines the dynamic simulation of the extractive distillation column in Aspen 

Dynamics. The system will be tested in open loop and closed loop. The purity of distillate is 

controlled to achieve the quality of the product as required. 

¶ Section 5: Co-simulation of the extractive distillation column using Aspen Dynamics and 

MATLAB Simulink toolbox 

This section illustrates the dynamic simulation of the extractive distillation column with co-

simulating using Aspen Dynamics and MATLAB Simulink toolbox. The process is tested by the 

same method as in Section 4. 
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¶ Section 6: Results and discussion 

This section describes and discusses the outcomes of the simulation obtained in the case study.  

¶ Section 7: Conclusion 

This section summarises and concludes the report. 

¶ Section 8: Future work 

This section explains the future work suggested for future students. 
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2 Background, Scope, and Aim of the Project 
This project discusses the co-simulation of extractive distillation column using Aspen Plus Dynamics with 

Simulink and MATLAB. This section contains all necessary background and related information of the 

simulation; it covers an overview of the project, software, distillation column and Solvent (entractant) 

used in these simulations. 

2.1 Project Overview 
This project focuses on steady state and dynamic simulations of distillation column using Aspen Plus, 

Aspen Dynamic, and Simulink. Aspen Plus is a steady state simulation to obtain modelling of the 

extractive column, as the aim is to express dynamic processes according to the laws of conservation of 

mass and energy. Therefore, it is very helpful especially in understanding the process behaviour and 

control design. Dynamic simulation is performed by Aspen Dynamics to understand system dynamics. 

Lastly, co-simulate the process of the distillation column is conducted using Aspen Dynamics and 

Simulink. 

Usually in the industry, extractive distillation process is a combination of some other processes, in which 

it can be divided into two parts (refer to Figure 1); part one is the extractive column and part two is 

solvent recovery column. For the extractive column (part one), it is used to separate substance from 

composition mixture of the solvent that is hard to be separated by conventional distillation, producing a 

distillate product comprising of the substances with desired purity. This is done by using a third 

component (entractant) to give effect to the separation of the substances. The component use must 

non-volatile, higher boiling point, and miscible with mixtures, but it does not form an azeotrope in the 

mixture [1]. The difference in the interaction of the third component and the mixture causes a change in 

relative volatility.  This allows the new mixture of components and solvent to be separated. The 

component with the highest volatility will separate as the main product as the top stream [2]. For the 

solvent recovery column (part two), it is used to separate the low volatility solvent from the extractive 

column, with this the entrainer is circulating round and round. 

The components used in the case study are Methyl Cyclo Hexane (MCH), Toluene, and Phenol. The first 

feed stream is a mixture of Methyl Cyclo Hexane (MCH) and Toluene while the second feed stream is 

Phenol (entractant). The mixture of MCH and Toluene will be separated by the Phenol, which acts as the 

third component. Phenol is extracting Toluene from the mixture, and these two components go down to 

the bottom of the distillation column because they are heavy elements. Meanwhile, MCH is going to the 

top of distillation column as it is a light component [1]. Then the mixture of Toluene and Phenol after 
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leaving the extractive column is fed to the solvent recovery column to separate Toluene and Phenol. In 

the solvent recovery column, pure Toluene is obtained at the top and Phenol (entractant) at the bottom 

stream, which is recycled to be fed to the extraction column as the entrainer. It essentially charges the 

system with the amount of entrainer and that entrainer is recirculated in the system. This means under 

ideal conditions, none of the entrainer is lost. Figure 1 shows the system of the extractive column and 

solvent recovery column. 

 

 

Figure 1: Extractive Column and Solvent Recovery Column [3] 

In this case study only the extractive column is modelled, simulated and controlled. While, the solvent 

recovery is left for future students. The extractive column will be tested starting with steady state 

process until dynamic process. Aspen Plus is used to perform the steady state process while Aspen 

Dynamics and Simulink are used to run the dynamic process. In the dynamic process, the system was 

tested with open and closed loop system, and both the software programs are using the same 
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parameters for the controllers. Results of both software were compared to determine which software is 

better for controlling the process. 

Distillation is used to separate a mixture into one or more individual materials by using a heating 

medium. [4]. Therefore, the producing product will contain the desired purity by controlling the 

condenser and reboiler [5]. 

There are various types of advanced distillation techniques in the industry, such as Vacuum, Cryogenic, 

Reactive, Extractive, and Pressure Swing. The extractive distillation technique has been used in this 

thesis to separate mixtures of the solvent that are hard to separate by conventional distillation. The 

third component (solvent or entrainer) used to give effect to the separation of the mixtures. 
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2.2 Software Overview 
This project is about co-simulation of the controller for distillation column by using Aspen Plus, Aspen 

Dynamics, and MATLAB Simulink as each software package used has different capabilities and purposes. 

This section will discuss the software that has been used to perform simulations for this project. 

2.2.1 Aspen Plus 
Aspen Plus has an extensive data bank of properties, with built in models for complex unit operations 

such as distillation columns. Aspen Plus is used for steady state simulation, in which it is used to identify 

the initial conditions for the dynamics simulation, determine material and energy balances, and 

conceptual design. This should be done before running in dynamics process. The steady state model is 

imported to Aspen Dynamics from Aspen Plus to allow the process runs in the dynamic process. This is 

important to ensure that the Aspen Plus gets the correct steady state value before proceeding to the 

following steps. This means that if the value is false, the result of the process will be incorrect and will 

affect the whole process. Unfortunately, Aspen Plus can only perform steady state simulation and 

requires other software to perform the Dynamic simulation [6]. 

Description in detail of the differences between DSTWU, Distl, and RadFrac can be seen in the next 

section [7]. 

DSTWU 

Distillation column type DSTWU is designed for single feed process. The way DSTWU operates is by 

estimating the minimum number stages of the distillation column and the minimum value of reflux ratio. 

After that, it will calculate the required reflux ratio based on user input. At the same time, Aspen plus 

will estimate the best feed stages location, the condenser, and the reboiler. All the results can be seen 

when Aspen plus is done with computation [7]. 

Distl 

Distillation column type Distl is designed for single feed process. Distl operates by using Edmister 

approach; it will calculate the product composition of the process. Users need to enter the number of 

column specifications [7]. 

RadFrac 

Distillation column type RadFrac is designed for multiple feed process. These columns are more rigorous 

than DSTWU and Distl columns. The compacted design on the RADFRAC column in Aspen allowed the 
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modelling of condensers and reboilers to be taken care of within tƘŜ ŎƻƭǳƳƴΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ ¢Ƙƛǎ 

eliminated the need for the pumps, reflux tanks, heat streams, and heat exchangers [7]. 

2.2.2 Aspen Dynamics 
Aspen Dynamics is used for dynamic simulation as it is designed to simulate the dynamic process. Aspen 

Dynamics is firmly integrated with Aspen Plus, where the Aspen Plus is a simulator for steady state. Then 

the model in the Aspen Plus is imported into Aspen Dynamics to run the dynamics simulation, and this 

allows the existing steady state in Aspen Plus simulation to create a dynamics simulation [1]. This 

software can identify the dynamic of the process, implement and control loop tuning controller. 

However, the control scheme in Aspen Dynamics is limited to conventional controllers [8]. 

2.2.3 Simulink 
Simulink software is used to perform dynamic simulation similar to Aspen Dynamics. Simulink can 

develop conventional and advanced control scheme, and it also can perform real-time simulation [9]. 

The real time simulation can be done when a physical device replaces the virtual device. Thus, costs are 

reduced when a replacement is carried out, and the quality of the physical system can be improved. 

Besides, the simulation can be tested without having prototypes and tests can be conducted 

continuously. Realistic simulation means inputs and outputs in a virtual world simulation must be 

updated simultaneously with the real world. Therefore, real-time simulation is required to ensure that 

realistic simulation occurs. Simulink also has a special feature called control system toolbox and offers 

industry-standard algorithms in designing, tuning, and analysing the control systems. Control System 

Toolbox provides facilities to examine the model [10]. Thus, the performance parameters can be 

checked, such as settling time and maximum overshoot. Aspen Dynamics and Simulink will be 

implemented from the same type of controller scheme and parameters values. Therefore, the results 

can be compared to verify the results of which are better for this process control strategy [11]. 
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2.3 Solvent (entractant) Overview 
In this thesis, extractive methods will be used. It is the process by which a third component or solvents 

are used to give effect to the separation of the chemical. The third component will act to generate or 

increase volatility differences between components to be separated. The third component and the less 

volatile component will flow downstream of the distillation column so that the subsequent distillation 

process can recover the extracted components. On the other hand, the non-extracted component will 

be distilled at the top of the distillation column [2]. 

In choosing a solvent, several things should be considered [2]: 

¶ The solvent can enhance the natural volatility of the main component. 

¶ Have low latent heat. 

¶ The solvent is not corrosive and not a toxic agent. 

¶ Easily dissolved in the main component, so as to not lead to the formation of two phases. 

¶ Easy to stabilize the temperature of distillation and solvent extraction. 

¶ Quality and capability of the solvent must be considered. 

  



 

 
9 

2.4 Project Scope 
This thesis is intended to investigate the co-simulation of a process of the distillation column by using 

Aspen Plus, Aspen Dynamics, and MATLAB Simulink. This case study is only involved with the extractive 

distillation column, the process modelling, and the steady state simulation in Aspen Plus, importing the 

steady state model from Aspen Plus to Aspen Dynamics, and the designing and testing the controllers in 

Aspen Dynamics and MATLAB Simulink toolbox. 

The aim is to revise an example that has been done in 2004 with the new software versions and new 

operating system. Sensitivity analysis is conducted in Aspen Plus to find the mass flowrate of the phenol 

entering the distillation column so that the purity of Methyl Cyclo Hexane (MCH) leaving the distillation 

column can achieve at least 0.98 molar or 98%. 

Existing controllers are tuned in Aspen Dynamics to get the appropriate parameters. Then set point 

changes are made in each controller while disturbance changes are introduced in certain variables to 

examine the impact and response onto the purity of the product. Finally, a controller is setup to control 

the flowrate of phenol. The same method is used in co-simulation to test the purity of the product. 

However, working with another different column is not in the scope of this project. 
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2.5 Project Aims 
The primary aim of this project is to test the co-simulation and connection of different software 

programs. This is because there was an error to link Aspen Dynamics version 8.4v and MATLAB Simulink 

version 8.4 by using the Windows 7 operating platform. 

PI controllers is used in Aspen Dynamics and Simulink to control the  feed tank level, reboiler level, 

reflux drum level, and top stream pressure for an extractive distillation and a new controller in the 

phenol flowrate (entractant).  

The development of a project plan is furthered with efforts focusing on some areas to attain the set 

goals. Following to the very sophisticated software involved, it is important to understand every 

software used. The areas of exploration include: 

¶ Understanding and getting familiar with Aspen Plus. 

¶ Exploring Aspen Dynamics 

¶ Mastering Simulink and MATLAB. 

The crucial purpose of choosing to explore in depth is due to the limitation of understanding in using the 

software. Throughout the further understanding on the real interactions between the streams and on 

the software especially how data is sent, received and collected 
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3 Process modelling and simulation in Aspen Plus 

Aspen Plus is well-known simulation software in the industry [6]. This is because of its ability to solve 

problems involving many calculations, where most of the equations used are very complicated. It is 

difficult and almost impossible to solve them by hand due to human errors and time constraints. This 

software is often used in industrial oil production, refining, and environmental studies. 

This software can predict the behaviour of a process from άengineering relationships such as mass and 

energy balances, phase and chemical equilibrium, and reaction kineticsέ [12]. With practical operation 

and reliable model, it allows process and control engineers to simulate process like an actual plant. 

Each process has its process model, and thus Aspen Plus is used for the process model. There are three 

steps to follow to obtain the process model; flowsheet, specifying the chemical components and 

operating conditions. Aspen Plus acts in regard to all specifications and simulations involved in different 

processes. Also, it predicts the behaviour and calculates the results of the system. Aspen Plus will list the 

results for each of the streams and the unit when the calculation is complete [13]. 

1. Flowsheet 

The process flowsheet model will reflect the entire system. The flowsheet shows the inlet streams 

entering into the unit operation (distillation column, reboiler, and heat exchanger) and outlet 

streams from the unit operation, thus all inlet streams and outlet streams can be identified [13]. 

2. Chemical Components 

The components used in the Aspen should be defined before moving to the next step. Each of the 

components used must be explained in detail to facilitate simulation [13]. 

3. Operating Conditions 

Normally, all the operating units have specific operating conditions such as temperature, and 

pressure. It is determined according to the operating conditions of the process [13]. 
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3.1 Component Selection 

In this case study, the focus is on component selection for Aspen Plus with the purpose to identify and 

understand the methodology for the component selection which has been performed by consideration 

of an example in Aspen dynamics.  

There are three of components used in this thesis, namely Toluene, Phenol, and Methyl Cyclo Hexane 

(MCH) as shown in Table 1 below. These elements must be defined in the Aspen Plus to allow the 

components used. Aspen Plus has an extensive database of components used, including their physical 

characteristics. Therefore, it is capable of detecting the materials used and filling the required space 

automatically. The detailed information about feed stream and product stream can be seen in Table 10: 

Feed stream and Table 11: product stream respectively, in Appendix A ς Results. 

Table 1: Types of Components 

Component ID Type Component name Alias 

TOLUENE Conventional TOLUENE C7H8 

PHENOL Conventional PHENOL C6H6O 

MCH Conventional METHYLCYCLOHEXANE C7H14-6 

Each element needs to be specified before the simulation runs. For this project simulation, the 

components of Methyl Cyclo Hexane (MCH), Toluene, and Phenol used a temperature of 104.444 ὅ 

and Pressure of 20ὴίὭὥ. Details of information were collected as shown in Table 2 below. The total 

number of theory trays of the distillation column (T-1) is 22, and reflux ratio is 8 with 16 psia and 20.2 

psia respectively. 

Table 2: Components Specification 

Component Temperature ὅ PressureὴίὭὥ 

TOLUENE 104.444 20 

PHENOL 104.444 20 

Methyl Cyclo Hexane (MCH) 104.444 20 
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3.2 Selection of Distillation Column 

Selection of distillation column was performed by Aspen. Nevertheless, the selection was studied to 

understand the reason behind of the selection and for the purpose of learning. 

Aspen Plus has multiple choices of distillation column namely DSTWU, Distl, and RadFrac. Each of them 

has different uses and capabilities. To simulate the distillation columns with reboiler and reflux, 

RADFRAC columns were used. Moreover it is more rigorous than DSTWU columns and suitable for 

extractive distillation for allowing multiple product and feed streams. 

The compacted design on the RADFRAC column in Aspen allowed the modelling of condensers and 

reboilers to ōŜ ǘŀƪŜƴ ŎŀǊŜ ƻŦ ǿƛǘƘƛƴ ǘƘŜ ŎƻƭǳƳƴΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ 

3.3 Azeotropic Distillation Analysis 
άA balanced composition of vapor and liquid in defined as an azeotrope. In the distillation column, the 

liquid and vapor compositions will therefore remain same. An azeotrope is therefore categorized as 

Distillation Boundary or Sets of Limitsέ [14]. This means no matter how tall the tower is, or no matter 

how much reflux is used even if the column is operating at the total reflux, the best it can do is getting a 

distillate that is close to the azeotropic composition. However, it simply cannot be produced using 

standard distillation because of this azeotrope, so no matter how much it is boiled; the vapor is not any 

richer in the light component. Therefore, no further separation is possible, no matter how tall the 

column is. This composition cannot be bypassed, and it is impossible to reach pure Methyl Cyclo Hexane 

(MCH) [15]. 

There are various processing techniques to alter the vapor-liquid equilibrium and the system such that 

pure Methyl Cyclo Hexane (MCH) and pure Toluene can be obtained. There are two common ways; one 

is referred to as homogeneous extractive distillation, and the other is heterogeneous azeotropic 

distillation. The former is a type of stage separation in which the mixture is not separated into different 

stages. However, the latter splits the mixture into aqueous and organic stages. The mixture in the 

aqueous stage is richer in water, and the mixture is richer in organic for the organic stage. Hence, in 

heterogeneous azeotropic distillation - by adding an entrainer or a solvent - it will mostly cause a phase 

split, whereby the liquid separates into two stages which are water rich and organic rich, and because of 

this stage separation it crosses the azeotropic composition. The idea behind homogeneous extractive 

distillation is to add an entrainer, which is heavy. It preferentially soaks up either component Methyl 

Cyclo Hexane (MCH) or component Toluene causing the alteration of the vapor-liquid equilibrium in 
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such a way that it absorbs one of the elements, and, therefore, a pure Methyl Cyclo Hexane (MCH) and 

pure Toluene can be obtained [16]. 

 

Figure 2: Residue Curve Map 
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Notice that all the residue curves in Figure 2 were ending up at Phenol. This means Phenol is an 

attractor or also known as the stable node, in which it attracts all residue curves towards itself. The 

azeotropic composition at temperature 100.72ꜛC being the lightest of the entire residue curves and it 

does not draw any residue curves, but all residue curves emanate from it, this is called an unstable node. 

Methyl Cyclo Hexane (MCH) and Toluene are neither attracted nor unstable nodes. These are called 

saddles depending on what the initial condition is. For a better understanding, Table 3 below shows the 

classification and temperature of each component [17]. 

Table 3: Synthesis Analysis 

Temperature (ꜛC) Classification Type No. Comp. Toluene Phenol MCH 

110.68 Saddle Homogeneous 1 1.0000 0.0000 0.0000 

181.93 Stable node Homogeneous 1 0.0000 1.0000 0.0000 

100.73 Saddle Homogeneous 1 0.0000 0.0000 1.0000 

100.72 Unstable node Homogeneous 2 0.0206 0.0000 0.9794 

From the residue curve in Figure 2, it can be seen that (MCH) and Toluene form an azeotrope while 

Phenol is an entrainer, which is heavy and does not form an azeotrope with either (MCH) or Toluene. 

Since both (MCH) and Toluene vertices are saddles in a simple configuration where it has a single feed, it 

cannot reach Methyl Cyclo Hexane (MCH) or Toluene. To reach Methyl Cyclo Hexane (MCH) as a vertex, 

it is necessary to add the entrainer, not with Feed Stream, but somewhere on top as shown in Figure 3 

below. Therefore, to sufficiently break the azeotrope, it is necessary to have the heavy entrainer on 

almost all trays which require the heavy solvent Phenol fed some place near the top of the column 

above the feed. Therefore, the top product is essentially Methyl Cyclo Hexane (MCH) with a little bit of 

Phenol, and the bottom product is all of the Toluene, all of the Phenol, and maybe a little bit of Methyl 

Cyclo Hexane (MCH). However, if the entrainer is mixed with the feed, the separation becomes 

infeasible. 
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Figure 3: Main Flowsheet 
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3.4 Steady State Simulation 
The simulation of steady state distillation column was carried out, and summary of results is presented 

in Table 4 below. The full results can be seen in Table 12 in Appendix A ς Results section. 

Table 4: Stream Results 

  Units BOTTOMS FEED FEED2 MCH PHENOL 

Component Mole Flow   

    

  

TOLUENE KMOL/SEC 0.0245417 0.0251995 0.0251995 0.000657837 0 

PHENOL KMOL/SEC 0.1511644 0 0 3.30E-05 0.1511975 

MCH KMOL/SEC 0.000690852 0.0251995 0.0251995 0.0245087 0 

TOLUENE   0.1391293 0.5 0.5 0.0260951 0 

PHENOL   0.8569557 0 0 0.00131024 1 

MCH   0.00391506 0.5 0.5 0.9725946 0 

Mole Flow KMOL/SEC 0.176397 0.0503991 0.0503991 0.0251995 0.1511975 

Mass Flow KG/SEC 16.55567 4.796202 4.796202 2.470187 14.22965 

Volume Flow CUM/SEC 0.0182011 0.0065064 0.0065064 0.00354467 0.0141035 

Temperature Cꜛ 162.947 104.444 104.444 103.7937 104.444 

Pressure PSIa 20.2 20 20 16 20 

Vapour Fraction   0 0 0 0 0 

Sensitivity analysis was performed to identify the variables that produce the best performance in the 

process. In this case study, the sensitivity analysis was conducted to determine the flow rate of phenol 

entering distillation column so that the purity of (MCH) can reach the best purity.  

Two important steps need to be considered to perform sensitivity analysis: 

1. State manipulated variable 

In this case study, Phenol flowrate is the manipulated variable. This step is performed so that Phenol 

flowrate can be varied. 

2. State manipulated range 

Manipulated range used is 1200 lbmol/hr (lower) and 2000 lbmol/hr (upper). This is done so that 

the phenol flow rate can be specified either as equidistant points within an interval. 
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Results of the sensitivity analysis were discussed in Section 6.1 Results and Discussion. After the results 

were satisfied, then they will be exported to Aspen Dynamics to be tested in dynamic simulation. 

4 Dynamic simulation and process control in Aspen Dynamics 

Aspen Dynamics is a dynamic process simulator, which is used to understand the dynamic behaviour of 

the process. Aspen Dynamics is firmly integrated with Aspen Plus, whereby it is a simulator for steady 

state. This allows the existing steady state from Aspen Plus simulation to create a dynamic simulation 

[8]. 

Process dynamics means the situation is changing, in other words, the process changes over time. 

Specifically, what it does mean is when the input of the process is changing, how the output variable 

would respond over the time. Mostly process dynamic deals with the systematic characterization of the 

time response of the affected variable to a change in the causal variable, the affected variable is also 

sometimes referred to as the output variable, and the causal variable is also usually referred to as the 

input variable [8]. 

Aspen Dynamics allows users to obtain a comprehensive understanding of the dynamics of processes. 

This knowledge could be exploited by users to design and operate with optimum safety achieving 

consistent product quality and operability of the process. A linear state space model can be extracted 

from Aspen dynamics using the control design interface in Aspen [18]. 

Before starting to simulate the dynamic process in Aspen Dynamics software, a steady state simulation 

must be done in advance in the Aspen Plus software. When the steady-state simulation was completed 

in the Aspen Plus, all the necessary results can be obtained, and tabulation graphs can be carried out 

where it will show behaviour corresponding to particular inputs. This information is then exported into 

Aspen Dynamics. 

Sizing of the equipment such as column diameter, size of vessels, tray spacing, trays active area, weir 

length and height, reflux drum length and height, and reboiler length and height is the information 

needed for Aspen Dynamics. A tool called tray sizing provided by the Aspen Dynamics can be used to 

calculate the tray sizes based on the flow conditions in the column, but the sizing can also be done in 

Aspen Plus [19]. 

The process will then be tested in open loop and closed loop system. This is done to study the 

differences and implications between these two types of system in the process. PI controller is used to 
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controlling all variables in the system, and it requires some information so that it can be tuned properly 

and the information is gathered through process identification. Set point change will be made in each 

controller, and disturbance change will be introduced to individual variables to examine the impact of 

changes on the purity of the product. Then, a new composition controller will be developed to control 

the flowrate of phenol as it affects the purity. 
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4.1 Manual Operation of the System 
After exporting and completing all the required information in the Dynamic simulation, the process was 

tested in the manual mode; where the system output does not have an influence on the control action 

of the input signal. This means the process information was visually monitored, and valve positions and 

pumps speeds were manually adjusted accordingly. Open loop system was tested by introducing the 

step magnitudes of  10% to the manipulated variable individually. 

Controller faceplate is a special tool provided by Aspen Dynamics, it is used to examine and monitored 

all the features of the controller. Manual mode must be changed at controller faceplates as shown in 

Figure 4 to control in manual mode and Figure 5 below shows the Aspen Dynamics simulation was 

based on the open loop flowsheet. The results and impact of the open loop system against product 

purity was discussed in Section 6.2 Open Loop System Testing. 

 

Figure 4: Controller Faceplates (Manual Mode) 
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Figure 5: Open Loop Flowshee
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4.2 Control Loop Design 
Control loops were placed/utilized around each important aspect inside of that process. The controller 

will react when the system senses the change in value of process variable, then loop back to the 

controller and compare with the reference value of the system. If there is a difference, it will adjust the 

system to its reference value. 

For this case study, Aspen has developed four types of controllers to control the feed tank level, reboiler 

level, reflux drum level, and top stream pressure for an extractive distillation. However, from the results 

obtained in Aspen Plus shows that phenol flow rate must be controlled to achieve a better purity. 

Therefore, a new controller was built to control the phenol (entractant) flowrate. Methyl Cyclo Hexane 

composition controller will manipulate phenol flowrate, and the purity product (MCH) will be the 

process variable.  

Table 5 shows the control strategies used in this project. 

Table 5: The Control Strategies 

Process Variable (PV) Manipulated Variable (MV) 

Feed Tank Level Feed Flowrate 

Condenser Pressure Coolant Flowrate to condenser 

Reboiler Level Bottom Flowrate (Toluene and Phenol) 

Reflux Level MCH distillate Flowrate 

MCH Purity Phenol Flowrate 

Figure 6 shows the controller faceplates must be changed to automatic mode to control in a closed loop 

system, and Figure 7 shows the control loop has been placed in the flowsheet.  

 

Figure 6: Controller Faceplates (Auto Mode)
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Figure 7: Closed Loop Flowsheet
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4.3 Controller Tuning 
Firstly, all controllers must be tuned to ensure control parameters reach the best value to achieve the 

best possible control response. Therefore, all PI controllers were tuned individually using the 'Tuning' 

tool [14]. The 'Tuning' is a special tool available in Aspen Dynamics to perform auto tuning. To use the 

'Tuning', the 'Test Method' must be selected to the 'Closed Loop ATV' before pressing the 'Start Test' as 

shown in Figure 8. When the 'Start Test' has been pressed, the process variable and manipulated 

variable response of Methyl Cyclo Hexane (MCH) purity were recorded. 

After 10 seconds, the 'Calculate' should be pressed to the 'Tuning' start calculating. The 'Tuning' will 

provide the optimal parameter values to be able to respond the best control. After that, the button 

'Update Controller' must be pressed as shown in Figure 9 so the parameters can be updated into the 

controller. 

From Figure 9, the 'Tuning Rule' is an option so that users can choose which tuning method to use. 

Ziegler Nichols and Tyreus Luyben tunings are of popular methods. Ziegler Nichols tuning is quite 

aggressive compared to Tyreus Luyben tuning that is quite loose. Tyreus Luyben is typically used for 

distillation column to avoid the colossal, sudden increments or aggressive changes in the process. For 

example, the reboiler duty could lead to hydraulic problems if the combative changes occur on the 

reboiler. So, Tyreus Luyben is a more conservative tuning method compared with Ziegler Nichols in this 

kind of process [20]. All controllers have been tuned using the same steps. Table 6 shows the parameter 

results obtained from the tuning. 
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Figure 8: Test ΨTuningΩ Tool 

 

Figure 9: /ŀƭŎǳƭŀǘƛƻƴ Ψ¢ǳƴƛƴƎΩ ¢ƻƻƭ 
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Table 6: Controller Parameters 

 Proportional Gain, ὑὧ  Integral Time Constant, †Ὥ 

Feed Tank Level 182.56 2.54 

Reboiler Level 10 60 

Reflux Drum Level 10 60 

Top Stream Pressure 20 12 

MCH (Product) Purity 32.38 13.2 

 

4.4 Set Point Change 
Set point change is used when the set point is expected to change frequently, and the process variable is 

to increase or decrease depending upon the controller. Through set point tracking, the performance of 

the controller being used can be tested, whether it is too aggressive or lagging when a set point change 

is made. Besides, set point change is also used to study its impact of set point change towards the 

product purity. The testing of the controllers was done by performing steps on set points individually. 

The deviations of  5%,  10% and  25% from the steady state were used as the step magnitudes. The 

results of set point changes are discussed in Section 6.3 set point tracking. However, not all results have 

been presented, but only the results with visible change had discussed. 

4.5 Disturbance Change 
Essentially, the effects of disturbances on variables are investigated by applying a step change to the 

disturbance in question from steady state and observing how variables react. However, the disturbance 

will only be introduced to individual variables, where it will have a significant impact on other variables. 

Therefore, the phenol flowrate and coolant flowrate to condenser have been selected as the 

disturbance. They will be controlled in open loop, and the disturbance change will be introduced to the 

manipulated variable with the step change of ±25%. Thus, the feed level, pressure, reflux level and 

reboiler level will be controlled by the controller when the disturbance is introduced in phenol flowrate, 

while feed level, reflux level, and reboiler level will be monitored by the controller when the disturbance 

change is made in the coolant flowrate.  
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5 Co-simulation of the Extractive Distillation Column using Aspen 

Dynamics and MATLAB Simulink Toolbox 
After simulation in Aspen Plus and Aspen Dynamics has been successful, the co-simulation of Aspen 

Dynamics and MATLAB Simulink toolbox is tested. This allows control engineers to design, develop and 

to test the controllers for complex chemical processes.  

The process of linking Aspen Dynamics and MATLAB Simulink has been studied to get a better 

understanding of this linkage process between the two softwares. The controller is developed in 

Simulink to control the flowsheet in Aspen Dynamics.  

The system in co-simulation is tested by the open loop and closed loop system, as was done in Aspen 

Dynamics. However, the controller in co-simulation is not tuned, but it uses the same parameters as in 

Aspen Dynamics. This means that the reaction in Aspen Dynamics and co-simulation must have the 

same response and if the response is different further analysis will be done. The steps of implementing 

the test are exactly the same as in Aspen Dynamics. 

After that, step on set points and disturbances are introduced to the controllers and variables 

respectively to identify the impact on product purity, the same method as in Aspen Dynamics has been 

used. As the co-simulation can implement advanced controller, the Model predictive controller (MPC) 

was constructed to replace the conventional controller.  
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5.1 Linking Aspen Dynamics and MATLAB Simulink 
As mentioned before, the process of linking Aspen Dynamics and MATLAB Simulink has been done by 

Aspen. However, it has been studied to understand and learn how to implement it. Aspen Simulation 

Modeler (AMS) is an important block in making the link. AMS block can be found ŀǘ Ψ/Υ\Program 

Files\AspenTech\AMSystem 2004\.ƛƴΩ ŦƻƭŘŜǊ [21]. 

AMS block must be configured before it can be used, and the following variables must be defined: 

¶ Input file to connect with 

¶ Input port and output port 

This configuration is important in determining the AMS input to connect to, make the associated Aspen 

Modeler product visible during runtime, determine which AMS variables are connected to which 

Simulink block port and specify the unit of measurement of the information passed through the Simulink 

block port.  

Input port represents information sent from Simulink to the AMS, where only variables with fixed 

specification in the AMS can be used for inputs. These variables would represent those typically 

manipulated by a controller. While, output ports represents information received from the AMS by 

Simulink, where only variables with free, initial and rate Initial specifications in the Aspen Modeler 

simulation can be used for outputs. These variables would represent those typically measured by a 

controller [21]. Figure 10 shows the AMS block which has been configured in this case study. 
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Figure 10: AMS Configuration Block 
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5.2 DMC Design Parameter 
Dynamic Matrix Control (DMC) is a Model Predictive Control (MPC) άtechnique that was developed by 

Shell Oil and considered to be the algorithm of the decade in the 1980sέ [22]. The development of MPC 

techniques is established by utilizing the discrete-time convolution model.  Advanced control schemes 

like this are implemented into systems which exhibit unusual dynamic behaviour 

Model Predictive Control is an approach where άa model of the process helps in the prediction of the 

future changes in the process by observing the past control events helping in the optimization of the 

ŎƻƴǘǊƻƭ ǎƛƎƴŀƭέ [23].  The most comprehensive techniques for model predictive control are those based 

on the objective function optimization which encompasses the error between the set point and 

predicted outputs. 

The DMC has a number of design parameters that can be manipulated to achieve the desired response: 

the model horizon, sampling period, control horizon, prediction horizon, and two weighting matrices for 

predicted errors and control moves respectively. Model horizon along with sampling period are both 

defined first, as they are needed to obtain step response data. A general rule is that the model horizon 

multiplied by the sampling period should exceed the time taken for the process to be ninety nine 

percent complete. The model horizon needs to be large enough so that it captures enough data on the 

dynamics of the system [24].  
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6 Results and Discussion 
This section discusses issues relating to the results obtained in Aspen Plus, Aspen Dynamics, and co-

simulation and the major problems encountered. 

6.1 Sensitivity of Purity 
During the testing the model of the extractive distillation column in Aspen Plus, a sensitivity analysis was 

conducted. Increasing the phenol (entractant) flowrate will increase MCH concentration in the distillate 

as shown in Table 7.  

Initially, the extractive column had produced a distillate of sufficient Methyl Cyclo Hexane (MCH) purity 

upon simulation, at the initial phenol (entractant) flowrate of 1200 (lbmole/hr) and 0.97257 molar 

purity. However, after the sensitivity analysis it was possible to increase the MCH purity in the distillate 

to 0.98634 molar purity with flowrate of 2000 (lbmole/hr) 

Table 7: Sensitivity Analysis Results 

Row/Status Case Phenol Flowrate (lbmol/hr) Methyl Cyclo Hexane (MCH) 

Purity in Distillate 

1 1200 0.97257 

2 1300 0.97535 

3 1400 0.97771 

4 1500 0.97971 

5 1600 0.98143 

6 1700 0.98292 

7 1800 0.98422 

8 1900 0.98534 

9 2000 0.98634 

Figure 11 illustrates the results in Table 7, purity against phenol flowrate. It can be clearly seen from 

the figure that increasing phenol flowrate will increase the distillate purity. This means that if it is 

necessary to develop another control loop to control the distillate purity by manipulating the phenol 

flowrate can be selected as MV, which confirms the control system proposed in Table 5 on page 22. The 

other three control loops shown in the same table remain the same: Feed Tank Level ς Feed Flowrate 

(Toluene + MCH), Condenser Pressure ς Coolant Flowrate to condenser, Reboiler Level ς Bottom 

Flowrate (Toluene + Phenol), Reflux Level ς Distillate MCH Flowrate, MCH Purity ς Phenol Flowrate. 



 

 
32 

 

Figure 11: Phenol Flowrate vs. Purity
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6.2 Open Loop System Testing Aspen Dynamics Stand-Alone and Co-Simulation 
For the purpose of analysis, the system in the Aspen Dynamics and co-simulation was tested with the 

open loop system. The testing of open loop system was done by implementing step on each 

manipulated variable individually, and the deviation of  10% from steady state was used as the step 

magnitudes. Table 8 shows the results of the purity product was obtained when the step was introduced 

in manipulated variable. 

Table 8: Purity Response (Open Loop System) 

 Step size Purity (Molar) 

Phenol Flowrate (1000lbmol/lb) 60% 0.975 

40% 0.83 

Coolant Flowrate 60% 0.92 

40% 0.9735 

MCH Flowrate 60% 0.865 

40% 0.9725 

Toluene and Phenol Flowrate 60% 0.973 

40% 0.973 

The purity of the product was at the highest level of 0.975 molar when the step up was introduced in 

phenol flowrate. The purity of the product was at the lowest level of 0.83 molar when the step down 

was introduced in phenol flowrate. Most of the product purity above than the minimum purity (0.97257 

molar) when the steps are introduced except when coolant Flowrate and MCH Flowrate were stepped 

up, and phenol Flowrate was stepped down. Therefore, the closed loop system is developed to maintain 

product quality. 

6.3 Set Point Tracking Aspen Dynamics Stand-Alone and Co-Simulation 
The ability of feed tank level, reboiler level, reflux drum level, and top stream pressure for an extractive 

distillation to track the set point changes were tested in Aspen dynamics and co-simulation using PI 

control scheme, where the purity of distillate was run in open loop system. The testing of the controllers 

was done by performing step on set points individually. The deviations of  5%,  10% and  25% from 

the steady state were used as the step magnitudes. All tests were run with the same parameters as 

shown in Table 6 in Section 4.4.1.3 Controller Tuning. The period of the simulation was kept constant 

for all controller performance tests; 300 units. 

In the other hand, the purposes of set point changes were implemented are to investigate the effect of 

set point changes in each variable towards distillate and purity of the product. Figure 12(a)(b) and 

Figure 13(a)(b) show the responses of the set point changes +10% in the Feed level and -10% in the top 
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stream pressure respectively, as they are most noticeable affect the distillate and purity of the product. 

For the full results of the set point changes, please refer to Appendix C. 

The minimum requirements to achieve excellent purity must be at least 0.97 molars, and purity will 

consider as unsatisfactory if it is lower than the minimum requirement. From the tests that have been 

carried out, the results obtained in Aspen Dynamics stand-alone and co-simulation is the same. The 

results have been illustrated in Figure 12(a)(b), and it is clearly shows the purity of distillate is at the 

minimum requirement with 0.97 molars when the step changes of +10% is introduced to feed level. 

Besides, the change in feed level has affected the pressure, reflux drum and reboiler level but the 

controller managed to control them back to the desired set point. The purity in Figure 13(a)(b)  shows 

unsatisfactory when the pressure set point was reduced by -10% because it is less than the minimum 

requirement with 0.92 molars.  
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Figure 12(a): Step Change in Feed Level +10% 
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Figure 12(b): Step Change in Feed Level +10%
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Figure 13(a): Step Change in Pressure -10% 
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Figure 13(b): Step Change in Pressure -10%
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In conclusion, the results obtained in Aspen Dynamics stand-alone and co-simulation is the same. This 

shows that the link is successfully made to connect the co-simulation. Furthermore, the performances of 

the controllers in both strategies are at satisfactory levels. 

6.4 Disturbance Rejection Aspen Dynamics Stand-Alone and Co-Simulation 
The ability of the controller in each variable to reject disturbance in the stream was tested using PI 

controller. The method for performing disturbance changes was slightly different than the set point 

tracking, where Phenol flowrate and coolant flowrate to the condenser were set as a disturbance in 

order to investigate the effect of disturbances toward purity of the product. The feed level, pressure, 

reflux level and reboiler level have been set to automatic mode when the disturbance in phenol flow 

rate was introduced. The feed level, reflux level, and reboiler level have been set to automatic mode 

when the disturbance in coolant flowrate to the condenser was introduced. The ±25% deviations from 

the steady state were used for disturbance rejection. Also, the effects of disturbance toward the 

distillate and the purity product were considered and analyzed. The minimum level of purity is 0.95 

molar, which is the same as in set point tracking. 

6.4.1 Phenol Flowrate 
The first disturbance rejection involving the Phenol flowrate was a step up of25%. This has affected the 

reboiler level because the flow has been affected by the feed stream which remains at the initial steady 

state and disturbance changes in phenol flowrate. Due to the change in the reboiler level, then it causes 

changes in pressure, reflux level, distillate and purity of product. 

Observe Figure 14(a)(b) where the controllers managed to eliminate the disturbance to achieve the 

desired set point. Besides, although the purity of phenol was affected by the changes in the flowrates at 

0 (s) to 20 (s), but the purity of product was below the minimum condition with result of 0.96 molar. 

Overall disturbance rejection is as expected; the purity and amount of distillate are at the effective level. 
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Figure 14(a): Step up Phenol (entractant) Flowrate (Disturbance Rejection) 
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Figure 14(b): Step up Phenol (entractant) Flowrate (Disturbance Rejection)
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Figure 15(a): Step down Phenol (entractant) Flowrate (Disturbance Rejection) 
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Figure 15(b): Step down Phenol (entractant) Flowrate (Disturbance Rejection)
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The second disturbance rejection involving the Phenol flowrate was based on a step down of 25%. The 

controllers on all variables managed to control and eliminate the disturbance when it was introduced in 

the phenol flowrates. As can be seen in Figure 15(a)(b), the purity of the product (0.91 molar) is affected 

when the step down was introduced in the phenol flowrate. The result was expected because as 

discussed in Section 6.1 Sensitivity of Purity, the purity depends on the phenol flowrate. Therefore, the 

purity of distillate is increase if the Phenol flow rate increased as shown in Figure 14(a)(b), and the 

purity will decrease if the phenol flow rate is decreased as illustrated in Figure 15(a)(b). Therefore, the 

changes in phenol flowrate must be considered in order not to affect the purity. Lastly, the feed flowrate 

was not affected by the disturbance change in the phenol flowrate nor water input flowrate at the 

pressure. 

6.4.2 Coolant Flowrate 
The coolant flowrate to the condenser was used as the disturbance for this case, by using twenty five 

percent steps up. This would inadvertently affect the reflux level and reboiler level. The response in 

reflux and reboiler did overshoot at the beginning then they started to reach the desired set point after 

10 (s). From the results obtained in Figure 16(a)(b), the purity of the product decreased to 0.86 molar 

when the top stream pressure for an extractive distillation drops as it had affected the reflux ratio. The 

reflux was changed to get the appropriate temperature at the top tray to get the absolute purity of 

product. Some of the condensate in reflux drum is recycled back into the column, while the remaining is 

discharged as top stream product. This becomes even worse when the flowrate of distillate products are 

at a high level (3 kg/s) when the purity drops. 
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Figure 16(a): Step up Coolant Flowrate (Disturbance Rejection) 
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Figure 16(b): Step up Coolant Flowrate (Disturbance Rejection)






























































