
AN OVERVIEW OF ICAS-IPDC - A SOFTWARE FOR INTEGRATED 
PROCESS DESIGN AND CONTROLLER DESIGN OF CHEMICAL 

PROCESSES 
 

Mohd. Kamaruddin Abd. Hamid, Gürkan Sin*, Rafiqul Gani* 
 

PROSPECT, Department of Chemical Engineering, Faculty of Chemical Engineering, Universiti 
Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia. 

*CAPEC, Department of Chemical and Biochemical Engineering, Technical University of 
Denmark, 2800 Kgs. Lyngby, Denmark. 

 
Email: kamaruddin@cheme.utm.my, Tel.: +607-553 5517, Fax: +607-558 8166 

 
 
Abstract. This paper introduces a software that has been developed based on a new systematic 
model-based methodology for performing integrated process design and controller design 
(IPDC) [1] of chemical processes. The software called ICAS-IPDC has been implemented into a 
systematic computer-aided framework which uses the VBA (visual basic for applications) 
programming language with Microsoft Excel interface. The ICAS-IPDC framework is 
overviewed together with the main features of the software. ICAS-IPDC allows simple, accurate 
and faster analysis of the IPDC problem of chemical processes, which helps in obtaining the 
optimal solution of the complex IPDC problem easily. 
�
Keywords: Systematic Model-Based Methodology, Integrated Process Design and Controller 
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1. Introduction 
 
A new model-based methodology for performing integrated process design and controller design 
(IPDC) has been proposed [1]. The developed methodology is capable of identifying and 
obtaining an optimal solution for IPDC problem for chemical processes in an easy, simple and 
efficient way. The methodology is based on decomposition of the complex IPDC problem into 
four sequential hierarchical sub-problems: (i) pre-analysis; (ii) design analysis; (iii) controller 
design analysis; and (iv) final selection and verification. In the pre-analysis sub-problem, the 
concepts of attainable region (AR) and driving force (DF) are used to locate the optimal process-
controller design solution in terms of optimal condition of operation from design and control 
viewpoints. While other optimization methods may or may not be able to find the optimal 
solution, depending on the performance of their search space algorithms and computational 
demand, the use of AR and DF concepts are simple and able to find at least near-optimal designs 
(if not optimal) to IPDC problems. Please refer to [1] for more details of this methodology. The 
objective of this paper is to give an overview of the software that has been developed based on 
the new systematic model-based methodology for IPDC [1]. The contribution will highlight the 
software framework together with its main features. 
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2. An Overview of ICAS-IPDC 
 
The developed methodology [1] has been implemented into a systematic computer-aided 
framework to develop a software which is called ICAS-IPDC for solving IPDC problems for 
chemical processes. The VBA (visual basic for applications) programming language with 
Microsoft Excel interface is used to develop the ICAS-IPDC.  
 
A Start Menu (see Figure 1) has been created to be the starting interface of the software. It can be 
seen in Figure 1 that the starting point for the software is to select one of the three different 
systems; i) a single reactor (R) system, ii) a single separator (S) system, and iii) a reactor-
separator-recycle (RSR) system by clicking on the system button. There are also three info 
buttons located at the left side of the Start Menu interface, which are “Software Overview”, 
“User’s Manual”, and “Tutorials”. A “Software Overview” button will show the software 
framework as shown in Figure 2. This framework, which is based on the developed methodology 
[1], illustrates the step-by-step algorithm that has been implemented into this software. The 
“User’s Manual” button will describe the details of each implemented step, whereas the 
“Tutorials” button will guide the user to understand/how to apply the software through solved 
case studies. 
 

�

Figure 1: A Start Menu interface of ICAS-IPDC software. 
 
 
3. ICAS-IPDC Framework 
 
Figure 2 shows the framework overview of the ICAS-IPDC software. It can be seen that once the 
option either to open/create a case study has been selected the user will be guided to the step-by-
step algorithm (from step 1 until step 6.2) sequentially. At the left side of the framework, the 
equations used at every steps of this software are presented. These equations are basically the 
constraints of the optimization problem (see problem formulation equation at the top-right of the 
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framework) that has been decomposed into several stages. For example, the identification of the 
design-control solution in step 3.3 will require Eq. (3) which is the constitutive constraints.  
 

�

Figure 2: IPDC framework implementation to the ICAS-IPDC software. 
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It should also be noticed that at the right side of the framework, the results buttons are located 
which is once clicked, the results for that specific step will be shown. This will help users to 
review the results easily without going into the details of each steps. In addition, the supporting 
tools used with this software are also shown in the right side of the framework. The supporting 
tool such as ICAS-MoT [2] is used for the process model simulation, and MoT-Excel interface is 
used to communicate between ICAS-MoT and Excel. 
 
A “Main Menu” (see Figure 3) has been created to be the general main menu interface of the 
software. The “Main Menu” performs all steps that have been outlined in Figure 2. It can be 
clearly seen from Figure 3 that the “Main Menu” is divided into five sequential parts: Part I – 
Problem definition, Part II – Pre-analysis stage, Part III – Design analysis stage, Part IV – 
Controller design analysis stage and Part V – Final selection and verification. In order to solve an 
IPDC problem, the user needs to perform all parts sequentially. The built-in color code system 
together with the conditional logic (if-then rule) guides the user through the different steps. 
 

�

Figure 3: A Main Menu interface of the ICAS-IPDC software. 
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As shown in Figure 3, the ICAS-IPDC framework needs to be performed sequentially. The user 
needs to complete Part I first, where the user will be asked to supply some information about the 
system to be analyzed. This can be done by clicking button “1.1 Problem Definition”, and 
“Problem Definition” interface for a single reactor system will then appear as shown in Figure 4. 
It can be seen from Figure 4, there are two frames in the “Problem Definition” interface, which 
are “Problem Definition” and “Process Flow Diagram”. The “Problem Definition” frame is 
where the user will perform selection of components, reactants and products (for a single reactor 
system) or selection of components, top products and bottom products (for a single separator 
system). It can clearly be seen that for a single reactor system, only three buttons which are 
related to a reactor are active. 
 

�

Figure 4: Problem definition interface for a single reaction system. 
 
The second frame is called “Process Flow Diagram” in where the process flow diagram of the 
analyzed system is shown. In this example, the process flow diagram of a reactor system is 
shown (see Figure 4). 
 
Once all the information required has been supplied, the user can click the “OK” button at the 
right-top corner of the interface. This will save all the information in the corresponding 
worksheet (sheet 1.1 for this example) and then change the button “1.1 Problem Definition” 
color into dark blue, indicating that step 1.1 has been completed as shown in Figure 5. Then, 
users are required to perform step 2.1 in order to complete Part 1. Once Part I is completed, users 
need to perform all the remaining steps until all parts are completed. Users will know either all 
steps have been completed or not by making sure that all buttons colors are changed into a dark 
blue (see Figure 5). 
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�

Figure 5: Updated Main Menu with completed step 1.1. 
 
 
 
4. ICAS-IPDC Main Features 
 
The main features of the ICAS-IPDC are overviewed in this section.  
 
4.1 User Guide Alerts 
 
As mentioned previously, all steps shown in Figure 3 should be performed sequentially. This 
software capable to give the user an alert (warning) if the sequence are not followed in the right 
order or the user accidently clicked the wrong button as shown in Figure 6. The main idea is to 
make sure that the user follows exactly the software framework in the right way. As can be seen 
in Figure 6, the software gives an alert when the user clicked the button “3.1 Variables Analysis” 
which is not in the sequence. Once step 1.1 is completed, the user needs to perform step 2.1 to 
complete Part I. If the user clicks other buttons that are not in the sequence, the alert will be 
given. The alert also provides suggestion for the user which step he/she needs to perform. 
 

�

Figure 6: User guide alert feature in ICAS-IPDC. 
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4.2 Results Review 
 
Another feature that is available in this software is the option for the user to review the results for 
the corresponding completed step. This can be accomplished by clicking on the button at the 
right side of the completed step (see Figure 5). In Figure 5, step 1.1 (Problem Definition) has 
been completed (which indicated by the dark blue color). By clicking the “Components 
Selection” button, results that have been saved are presented as shown in Figure 7. The 
advantage of this feature is that it helps the user to review the results easily without going into 
the details of each steps. This will enable the user to verify the results before going further to the 
next steps. 
 

�

Figure 7: Results review of the completed step. 
 
4.3 Charts User Interface 
 
One of the important features available within the ICAS-IPDC software is called Charts User 
Interface. This interface provides the user to analyze and manipulate charts as illustrated in 
Figure 8. It can be seen from Figure 8 that there is a frame in which the user can format the axis 
of the chart. In addition, the user also can perform some analysis from the chart such as 
calculation of the first-order-plus-time-delay (FOPTD) model parameters and calculation of the 
controller tuning parameters as shown in Figure 8. 
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�

Figure 8: Charts user interface within the ICAS-IPDC software. 
 
4.4 Calculation Progress Monitor 
 
ICAS-IPDC software deals with lots with calculations in which some may require a big number 
of iterations. Because of this reason, some calculation can take a longer time to perform than 
others. Therefore, it is important to monitor the progress of this calculation such that the user will 
have information about the duration or time required to perform such calculation. In this 
software, all calculation that required MoT model will be monitored as the one shown in Figure 
9. 
 

 
Figure 9: Calculation progress monitor during closed loop simulation. 
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4.5 ICAS-MoT Model Interface 
 
In this software, models used within the developed IPDC methodology which are simulated 
using ICAS-MoT can be integrated into the ICAS-IPDC interface using MoT Model Interface as 
illustrated in Figure 10. MoT Model Interface is an Excel-based interface which is integrated 
with the MoT solver as well as connected with the MoT model. 
 

 
Figure 10: Workflow of the integration of ICAS-IPDC interface with MoT models through MoT 
Model interface. 
 
 
5. Conclusion 
 
A software called ICAS-IPDC has been overviewed. ICAS-IPDC is based on the developed 
IPDC methodology [1], which guides the user through each methodology steps. Developed 
within VBA-Excel based environment, this software offers the user of ICAS-IPDC a customized 
graphical user interface-spreadsheets looks software that fully used the spreadsheets features 
such as graphing tools. Integration of this software with ICAS-MoT and Excel-based MoT Model 
Interface, makes this software a complete package for solving IPDC problem for chemical 
processes. By using ICAS-IPDC, the optimal solution of the complex IPDC problem can easily 
and accurately be obtained. ICAS-IPDC allows simple, accurate and faster analysis of the IPDC 
problem for chemical processes. The software is generic and its applicability can be extended to 
any chemical (biochemical) processes. 
 
 
References 
 
1. M. K. A. Hamid, G. Sin, R. Gani. Integration of process design and controller design for 

chemical processes using model-based methodology. Computers & Chemical Engineering, 
34 (5) (2010) 683-699. 

2. A. M. Salez-Cruz, Development of a computer aided modeling system for bio and chemical 
process and product design. Ph.D. Dissertation Thesis, 2006, Technical University of 
Denmark. 

PERINTIS e-Journal
Special Issue on Science for Sustainability
December 2011; 1: Page 9 of 81

(C) Persatuan Saintis Muslim Malaysia (PERINTIS)


