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Executive Summary

The main idea of this research project is to create the prototype of a laboratory scale generalized physical plant model and the associated process control systems, specifically designed to equip an Industrial Training Center (ITC). The big plan is to place the ITC in the campus of Hasanuddin University Makassar, the largest university in the eastern region of Indonesia. The main function of the ITC is to provide training programs and R&D (research and development) facilities for the rapidly growing industries in the region. The ITC should produce knowledge, technical expertises and skills that are necessarily acquired by the technical people in industry to sustain and maintain the operation of industrial plants. Naturally, the industry should financially support the ITC as a long-term investment in human resources development.  

One of the main parts of the ITC, which is going to be the embryo of its long-term development, is a generalized physical plant model and its associated process control systems. The prototype of the generalized physical plant model itself is designed based on a careful survey and study on the real industrial application in the region. This will include, but not limited to, physical models of air and gas plants, water plants, chemical plants, electronic and pneumatic plants. Each model is derived circumspectly as the replica of the corresponding plant from varieties of existing industries in the region, namely cement industries, flourmills, nickel and copper mining industries and coal, oil and natural gas refineries and agro-industries. The models are designed to provide the participating trainees at the ITC a hands-on experience to deal with the similar systems in the field. Moreover, the participating trainees will develop their expertises in designing as well as applying the concept and the realization of the associated process control systems. 

To develop the associated process control systems, the conventional proportional-integral-derivative (PID) controllers all the way to the more sophisticated expert systems using adaptive self tuning regulators, fuzzy logic-neural network controllers and multivariable model predictive controllers (MPC) are considered. These controllers are conceptually designed based on both the classical and the modern theories of control engineering using all available design tools, and then directly implemented by deploying the leading edge of the real industrial standard equipment such as Programmable Logic Controllers (PLC) systems, Supervisory Control and Data Acquisition (SCADA) systems, Distributed Control Systems (DCS) and Advanced Process Control (APC) systems. The application of Information and Communication Technology (ICT) will be apparent in those industrial advance process control systems.  Sensors and the associated instrumentation systems are the integral part of the Process Control Systems. The introduction of a newly developed wavelength sensors has opened a new teritory of the Process Control Systems studies. The main goal of the proposed research program is to explore the feasibility of this new type of sensors in the industrial process control systems.  

Background and Market Potential: Feasibility Study

In the past decades, a very centralized policy of the government has divided the country into two regions of development, namely the more industrialized western region and the less industrialized (and even less developed in many aspects) eastern region of Indonesia. The gap between the two regions has been widening in the last years of the twentieth century due to the occurrences of riots and civil wars in many places in the eastern region following the downfall of the New Order regime in 1998.

The new policy of autonomy gives a strong motivation to the eastern region of Indonesia to industrialize more rapidly. In fact, the eastern region of Indonesia is much richer of natural resources than the western region. But the industrialization process in the east is held back by the lack of basic infrastructure and qualified human resources. 


The city of Makassar is named as the gate to that eastern region. Almost all airlines and cargo ships en routed from the west to the east make a stop in Makassar. Naturally, more advantageous than other area in terms of infrastructure and human resources, Makassar has become the center of the rapidly growing industries in the east. This city is the home of Hasanuddin University, the largest and the oldest university in the eastern region of Indonesia.

The proposed Industrial Training Center (ITC) is planned to be located in the campus of Hasanuddin University. This location is going to be ideal in terms of its attainability from the industrial plants all over the eastern region of Indonesia.

A few of industrial plants in the eastern region of Indonesia have been around since the Dutch colonial era. These industries are ranging from the oil and forest products industries in East Kalimantan, just across the straits of Makassar from the city of Makassar, up to nickel mining industry of PT. INCO in Soroako, 14 hours driving to the northeast from Makassar. After more than a half century of independence of the country, the mining industries in East Kalimantan have expanded to include the coal and natural gas, and the refinery plants run by national oil company PT. PERTAMINA and its multinational contractors such as TOTAL, MOBIL OIL, ARCO, BRITISH PETROLEUM, etc. The agro-industry has grown extensively from mostly forest products industry to varieties of fishery products and plantations e.g. cacao (chocolate factory) in South Sulawesi, coconut (cooking oil products) in North Sulawesi, etc. In the land of Papua, a new city of Timika (a.k.a. Tembagapura, tembaga means copper) has been created to home a gigantic copper mining industry. 

Closer to Makassar, there are two large cement industries within 100 km driving distance outside the city, namely the state-owned PT. SEMEN TONASA in Pangkajene Kepulauan (Pangkep) area and another privately owned PT. SEMEN BOSOWA in the district of Maros. Even in the vicinity of the city of Makassar, a flourmill industry of PT. BERDIKARI is in operation just next to the international harbour of Sukarno-Hatta, a steel industry of PT. BARAWAJA is located outside the city’s only toll way, and varieties of medium-scale industrial plants are operating in the Industrial Estate of Makassar (KIMA, Kawasan Industri Makassar). PT. PLN – a state owned and the only electrical power company – has its generating plants all over the places, ranging from the large hydro-power plant in Bakaru up north, a natural gas power plant at Sengkang about 6 hours driving north-east from Makassar, up to all kinds of small, medium and large steam and Diesel power generators. These plants are supposed to be interconnected and controlled by an electrical power load control center in Makassar.

All industries in the eastern region of Indonesia have neither training center nor R&D facilities to develop the skills and expertises of their technical people, especially in process control technology. For many reasons, a training center specially built and located in the plant is not affordable for these industries. They only rely on the vendors of the related equipment who provide training programs as parts of the procurement contract or as a sales promotion activity. This kind of training programs is not the kind that the industries need. 


On the other hand, the universities and other higher education institutions in the region who have capability and potential to provide training programs and R&D facilities for the industries only serve the academic purposes to meet the standard engineering curriculum. Most of the time this is not directly relevant to the specific industrial needs in the region. 

We conclude that there is a huge potential market of training services provided by an Industrial Training Center (ITC) managed by a higher education institution such as Department of Electrical Engineering at Hasanuddin University Makassar, especially in the field of process control technology. We also believe that the industries themselves are willing to invest their human resources development budget in the foundation of such an ITC. 

Research Objectives


The main objective of this research project is to bridge the existing gap between what so called the “academic world” and the “industrial (real) world” especially in the area of process control technology, by providing an ideal package of training programs and R&D facilities in an Industrial Training Center (ITC) located on campus. This package of training programs and R&D facilities should be developed to meet the common industrial needs in the surrounding region where the ITC is located. 


The more specific objective of the proposed research project is to determine the correct design of a generalized physical plant model and the associated process control systems that is a replica, and at the same time also a miniature, of the existing systems in the real industrial world. This research project should produce the prototype of such a model plant and its process control systems. Sensors, and their associated instrumentation systems, are the integral part of any process control systems. The newly developed wavelength sensors are expected to estend the capabilty of the process control system. This study will include the feasibility study of the application of this type of sensors in the industrial process control systems. The proposed design of the ITC will have to recommend the utillization of these wavelength sensors. By using the prototype as an embryo of an ITC located in the campus of Hasanuddin University in Makassar, appropriate training programs and R&D facilities can be offered to serve the industrial world human resources development programs in the region of eastern Indonesia. It is expected that the industries will be willing to support the ITC because they will be the main beneficiaries of its foundation.      

State of the Art in the area of

Process Control Technology in Indonesia

The process control technology has been developing for over 50 years since the end of the World War II. Before the implementation of the very first process control systems in industries, the manual process control systems had been used for almost a hundred years in Indonesia. In many factories existed since the Dutch colonial era in tea and sugar plantations, oil and coal mining industries, etc., the manual process control systems used human operators to take measurement of all parameters and variables, and to adjust set-points of the physical plants. These human operators are the main parts of the process control systems.

The introduction of the pneumatic controllers in the plants began the automatization of the process control systems. The role of human operators is still important in this case, but they were no longer distributed in all sub-systems of the plants like before in the era of manual process control systems. These human operators worked in a control center full of instrumentation panels. They performed all supervisory control and data collecting tasks through the panels at the control center 24 hours a day, 7 days a week. The introduction of electronic systems and the Information and Communication Technology (ICT) to the automatic process control systems later on was the next stage of the “evolution” of the process control technology.

The most common industrial plants involve measurement and control of water and liquid level, gas and air pressure, powder (fine particles), liquid and gas flow, heat exchange and temperature, and also other more specific parameters like pH, salinity, humidity, oxygen content, etc. To maintain these parameters at certain set-points, combination of controlling devices or actuators like valves, pumps, heat-exchangers, heating elements, blowers, furnace, fans, boilers, etc. are used in a plant. Thus, an ideal physical plant model should include those parts. In conventional plants, simple single-loop PID controllers can be used, but in complex modern industrial plants, state of the art of process control technology is unavoidable. Even in most industrial plants in the eastern region of Indonesia, Programmable Logic Control (PLC) systems or Distributed Control Systems (DCS) has replaced the old Supervisory Control and Data Acquisition (SCADA) systems. The next generation of process control systems including the Advanced Process Control (APC) systems consist of Self-Tuning Regulator and Adaptive Control Systems, Fuzzy Logic Controller (FLC), Neural Network, and Multivariable Control and Model Predictive Control (MPC) are expected to enter the market soon. This is not to mention the application of Information and Communication Technology (ICT) in the process control systems, such as web-based control systems, on-line control systems, Man-Machine Interface (MMI) systems, multi-media etc. The schematic diagram of the generalized physical plant model and the associated process control systems is shown in Figure 1 of this proposal. 

In the academic world, students and trainees learn about the process control technology by relying on rigorous mathematical models of the plants in various simulation and analysis using all available methods and tools. This method of learning meets the standard of engineering curriculum in higher education institution, but most of the time does not give the students and trainees hands-on engineering experience, which eventually does not develop the students’ and trainees’ engineering sense and intuitive understanding on the real plants necessarily required in the industrial world. On the other hand, the technical people in industry find it difficult to comprehend a new progress in process control technology, because they rely on training programs offered by the vendors, contractors and suppliers just to comply with the bidding process of procurement. These training programs are actually offered as a method of sales promotion, not a knowledge-based program.

This research project is an effort – state of the art - to close the gap between the mathematical-oriented training programs of process control technology in the academic world and the sales-oriented training programs offered by the vendors of the technology in the real industrial world.    

Expected Contribution of Japanese Companies and Research Organization

Japanese companies and research institutions are expected to contribute their more than a hundred year of experience and knowledge in the process control technology. Many Japanese companies are very well known as among the best producers of instruments and process control systems in the world market. The higher engineering education system in Japan has a very strong linkage with the industrial world. Thus, the gap between the academic world and the industrial world is not a problem there. This will be very interesting to observe because it is contrary to the situation in Indonesia. The higher education institutions in Japan are also expected to help in the writing of training modules and other documentation, including writing scientific papers for international publications.  

The prototype of the generalized physical plant model and its associated process control systems designed in this research project should meet the industrial standard. The research organization in Japan such as the Centre for Enviromental Remote Sensing at Chiba University can provide useful information regarding the industrial standardization methods, laboratory facilities and the technical know-how to test the prototype. The research organization is also expected to give recommendation regarding the components, elements and parts installed and assembled in the prototype.

Finally, yet importantly, we also welcome contributions of materials, parts, components and elements from all parties to build the prototype and make it a reality.

Action Plan and Timetable

Right after this research project is granted an approval, the first thing to do is to survey and study all industries in the region that are using process control technology. The main purpose of this survey and study consists of two parts:

· To gather data of the existing plants and process control systems in the industries

· To disseminate the idea and the concept of the Industrial Training Center (ITC) on campus

The result of the study is a pre-design and the rough concept of the prototype of generalized physical model plant and its associated process control systems. This pre-design should be determined before the departure to Japan.


In Japan, the pre-design will be discussed with academicians in universities and other higher education institutions for a month. The next stage is to take the improved pre-design and the concept of the prototype to the industrial world in Japan, especially those that are similar to the industries in the eastern region of Indonesia. At this point, a week or two visits at the research institutes that are having close relevancy with industrial process control technology is inevitable. Further details of the design should be worked out here. The next 3 to 4 weeks will be spent to improve the design and for outsourcing the necessary components, elements, equipment, etc. that will be assembled into the prototype. The last weeks of the stay in Japan will be spent to write the draft of technical manuals, training modules using the prototype, and other documentation. The prototype design and the concept of the ITC should be finalized before the end of visit in Japan. 


After the return to Indonesia, all potential supporters of the ITC are invited to discuss the financing of its foundation. The prototype detailed design is presented. Several industries may be convinced and they are willing to invest their money to the foundation of the ITC and to build the prototype. Three to six months later, the ITC on campus will be ready to deliver training programs to the industries. At this point, the ITC should be able to collect the revenues from the industries by providing services consisting of high quality training programs and R&D facilities. 
Indonesian Research Institutions and Companies

The Indonesian institutions and companies that are expected to be involved in this research project are:

· Hasanuddin University, Department of Electrical Engineering, Control Systems and Instrumentation Laboratory (LSKI). 

· Hasanuddin University, Faculty of Engineering.

· Hasanuddin University, Research Institute (LP) and Research Center (PKP).

· Hasanuddin University, Institute of Public Services (LPPM)

· Flour mills: PT. BERDIKARI, Makassar

· Cement industries: PT. SEMEN TONASA, Pangkep and PT. SEMEN BOSOWA, Maros

· Nickel mining industries: PT. INCO, Soroako

· Copper mining industries: PT. Freeport Indonesia, Timika

· Oil and natural gas industries in East Kalimantan: PT. PERTAMINA, TOTAL, ARCO, BRITISH PETROLEUM, etc.

· Coal mining in East Kalimantan: PT. KPC, Sangatta

· Makassar Industrial Estates (Kawasan Industri Makassar, KIMA).

· Electrical power provider: PT. PLN Region VIII, South and South-East Sulawesi
Detail profiles of most companies and institution listed above can be searched in the Internet.
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