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The most common polyolefins are polyethylene and polypropylene which are among the most common plastics in the world. The main raw materials to produce polyethylene and polypropylene are ethylene and propylene, respectively. These raw materials are typically coming from ethane or naphtha crackers (olefin plants). In such crackers, advanced process control (APC) such as MPC and also real-time optimization (RTO) are commonly installed. In fact, successful commercial products for both MPC and RTO have been available for a couple of decades.
In the polyolefin industry, however, the introduction of APC technology has come much later. A significant part of the polyolefin industry has implemented MPC during the last few years. On might ask the question if APC in the polyolefin industry will follow the same route as the olefin industry, just delayed by a couple of decades. Or, will the polyolefin industry develop its own unique technology to further optimize plant operation? 

To answer this question, one may start by looking at the MPC technology for the two industries. In the olefin industry, successful APC was achieved through linear MPC and the models were found from step responses in the plant. In the polyolefin industry, however, early attempts to implement linear MPC were not very successful and did not get any wide use. 

The worlds first nonlinear MPC based on physical models was implemented by Borealis in a polypropylene plant in Norway in 1993. This was a success and further development of this technology is now implemented in most polyolefin plants in Borealis and joint ventures. MPC controllers implemented by other polyolefin companies during the last years are also nonlinear. While the nonlinear MPC in the Borealis APC technology (BorAPC) is based on physical models using mass balances, reaction kinetics, polymer property models etc, other technologies uses models based on neural networks or other types of nonlinear empirical models. 
This use of linear MPC in olefin plants opposed to nonlinear MPC in polyolefin plants indicates a significant difference in APC between these two industries. The difference how MPC is used in these two industries is even bigger; while the main focus in olefin plants is to improve control of distillation columns and perhaps the cracking furnaces, the main focus from using MPC in polyolefin plants is to control the polymerization reactors to improve stability and achieve consistent product quality. These significant differences in the evolution and use of MPC technology between the olefin plants and polyolefin plants show that APC technology is not developing in the same way in these two industries.

Trends within some systems related to advanced process control in the polyolefin industry are given below. Today’s situation and the development direction for the next five to ten years are being suggested. The suggested trends are not based so much on facts, but more on the author’s experience and belief from working with APC in this industry for several years. The systems taken into account are: MPC, RTO, transition management and systems for production planning and scheduling. In addition to trends, also the need for further research is indicated.
MPC

The successful implementation of nonlinear MPC will continue. In the next years this technology will probably be common in most polyolefin plants. To be 100% successful, the technology have to be very robust and seen as a natural way to control the plant by the operators - not just an add-on that can be used some or most of the time. If the MPC vendors do not succeed in making the nonlinear technology robust enough, this technology may be challenged by other technologies such as feedforward control, nonlinear decoupling etc. In addition to controlling the polymerization reactors, (linear) MPC may also be used for control of distillation columns in the recovery area. 
Further research in this area needs to focus on making nonlinear MPC robust so it controls the plant well for the whole operating window. Research is also important to really understand the quality aspects of polyolefin plants and how to best control the plant to produce polymer with consistent product quality.
RTO
Real-time optimization is so far not widespread within the polyolefin industry. Economic on-line optimization of rigorous models as found in the olefin industry may not develop in the same way in the polyolefin industry. The economic potential is smaller in a polyolefin plant that in a cracker and this may not justify the implementation of traditional RTO in polyolefin plants unless the cost for such projects is significantly reduced. The degrees of freedom and potential for savings need to be thoroughly evaluated and understood. There is certainly a potential for further savings and this will be investigated in the search for more profitable plants. Online economic optimization of polyolefin plants may be based on some simplified methods which may be implemented directly in the control system (DCS). Production cost may be optimized through control structures that indirectly leads to optimal operation, or through calculations in DCS that may have been found through off-line optimization. 
Further research in methods for simplified and cost effective optimization of operation is needed and probably a necessity if RTO shall be widely used in polyolefin plants.
Transition management

Polyolefin plants produces several quite different product qualities in continues reactor operation. This mean that the transition from one product to the next is important as it usually results in an intermediate product with a lower price. Technology to find the optimal transition ‘path’ offline and systems to automate transitions in a plant are existing today. There are reported successful projects in industry, but automated transition systems are not widespread. If is difficult to predict whether separate systems for transition management will be profitable enough to get widespread use within the next years or not. 
Planning and scheduling

Polyolefin plants produce several different products for several different customers. Efficient operation planning, sales planning and scheduling to achieve cost optimal production cycles with low warehouse cost, transportation cost and good ability to deliver on time are important. Systems to optimize planning and scheduling are expected to be further developed and more commonly implemented in the coming years.
Further research to develop both methods and systems within this area is needed. However, the bottleneck whether such systems become widespread or not may not be the technical development or availability of commercial systems. In most polyolefin companies, people responsible for sales and operation planning are far from people working with advanced process control and optimization from an organizational point of view. This may lead to lack of communication and the decision makers may not always be aware of the opportunities.
To sum up, trends within some areas related to optimal operation of polyolefin plants have been briefly presented. In addition to the different systems working well individually, it is also important to have an overall perspective to ensure that all systems work well together with each other and with the plant to support overall optimal operation.

