
MTBE Plant APC Project at a glance: 
A large methyl tertiary-butyl ether (MTBE) plant plays  a key role in an Asian petrochemical complex that also produces 

propylene. Due to strong market demand, the operations management investigated ways of increasing MTBE 

production of the existing unit beyond its original design capacity quickly and at a low cost. Optimizing the operation of 

the unit, rather than new construction or large scale revamping projects, was given priority. Applying conventional 

control systems was not an option for this project. MTBE processing uses several sets of kinetic, thermodynamic and 

physical parameters. Many are not measurable, and some involve non-linear relationships. Optimization is further 

complicated by long response times and potentially different interpretations of process events and responses to them. 

To avoid misunderstandings, upsets or off-specification product, operations personnel invariably opt for a smooth, 

conservative operation. Advanced Process Control (APC) is the better approach to handle the situation. Consequently, 

for this project, a study was conducted: 

• Phase 1: Determine if the optimization objectives of improving MTBE productivity and reducing energy consumption 

could be achieved through an APC application.  

• Phase 2: Feasibility of the application was confirmed by the study results and project implementation, “Phase 2,” 

commenced. 

 

Process Characteristics: 
Feed to the propylene and MTBE production chain (Fig. 1) is a mixture of “fresh” C4s and pretreated recycled raffinate. 

The feed has a high isobutylene (IB) content (up to 40 mole%). The MTBE process (Fig. 2) uses an acidic resin catalyst 

that accelerates the rates of the exothermic reactions. Reaction rates are also increased by higher temperatures; 

conversely, lower temperatures and excess methanol favor MTBE production while reducing undesirable reactions. 

Catalyst activity declines with age, which adds more complexity to an APC system. These reaction characteristics must 

be addressed when maximizing MTBE yields. A rigorous process model is required by the APC system to optimize the 

unit.   

 Reaction section. Fresh C4 feed from the dehydrogenation unit, methanol (MeOH) and a recycle 

stream are combined and sent through the two main reactors where over 90% of the conversion is achieved. The 

reactors are operated in series and their positions are switched to lead or lag depending on catalyst activity loss 

through aging. The reactor with the freshest catalyst is normally operated in the lag position. 

 Reactive distillation section. The reactor effluent enters the column below the resin beds. Additional 

MeOH can be injected at the top of the column. Optimized control of this column is particularly difficult as distillation 

and reaction processes occur simultaneously. In addition to separating MTBE from the C4 and MeOH overhead 

stream, the column allows any remaining conversion reactions to continue in multiple catalyst beds located above the 

feed injection point. Highly non-linear phenomena are observed, mainly due to azeotropic mixtures of various 

components.  
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The APC project was carried out in the two phases.  

 

Phase 1. Phase 1 began with an audit and analysis of the MTBE unit performance that 

established a base case (Fig 3) for determining post-commissioning benefits. The process and 

instrument diagram (PID) control loops in the digital control system (DCS) were pretested and 

fine-tuned when necessary, to monitor responses to set point changes and to confirm or update 

the APC controller structure. An instrumentation review was conducted; some changes were 

recommended to accommodate an APC system. Once the equipment behaviour and limitations 

were verified, control objectives and a preliminary control strategy were defined. A study of 

potential APC benefits demonstrated that a 2% increase in MTBE production over the base case 

was possible and proposed  phase with the 2% target as part of the project guarantee.  

Phase 2. In addition to implementing the recommendations from Phase 1 and the items listed in 

Table 1, Phase 2 involved:  

•Step test procedure development using the experience gained during Phase 1 pretesting. 

•Configuration of the multi-variable predictive controller (MVPC) control panel and key 

performance indicators’ (KPI) module 

•Controller simulation and tuning  

•Review of dynamic models and testing of controller behaviour against scenarios defined by 

panel operators  

•Implementation and testing of all software components including the optimizer 

•Application commissioning. 

 

The APC optimization included an offline identification tool, a gray-box modelled multivariable 

predictive controller and the design and configuration of a reactor inlet temperature optimizer 

using a rigorous MTBE kinetic and thermodynamic model. The MVPC included a built-in control 

panel to allow engineers and operators to track and maintain controller performance. A post-

commissioning audit confirmed the benefits attributed to the application. The following sections 

highlight software  tools and the approach used in different steps of the implementation phase. 

The project team used an industrial system identification for advanced control (ISIAC) software.  

 

The control and optimization application consists of the following modules:  

• MVPC including the control panel and KPI module 

• Analyser validation module to avoid erroneous data input 

• Rigorous MTBE kinetic and thermodynamic model 

• A reactor inlet temperature optimizer using the MTBE model. 

The application, whose architecture is depicted in Fig. 14, provides three minute cycles for the 

MVPC and fifteen minutes for the optimizer. Controller execution time was determined by the 

slow dynamics of the process.  

 

A post-commissioning audit was conducted a few months after controller implementation was 

finished. After commissioning, the monthly service factor exceeded 95% and after six months of 

operation the results were audited. The MTBE yield is compared in Fig. 15 with the stoichiometric 

ratio of MeOH to IB. The base case (before APC) data are scattered widely and a large variation 

in MTBE yield is observed. After APC implementation, data scatter was reduced appreciably and 

the MTBE yield is consistently higher. This change is attributed to better control of the unit and, 

more specifically, to stoichiometric ratio control in the reactors, better MeOH control in the 

reactive distillation column, and optimization of the reactor inlet temperature. As a result, the 

MTBE yield histogram (Fig. 16) indicates a 2.7% yield increase exceeding the guaranteed target 

by 35%. This generated a benefit of $3 US per metric ton, enabling a rapid return on investment. 

 

The APC application continues to exceed expectations and the controller and other tools are well 

accepted by operations personnel. Keys to the successful outcome include the methodical 

approach to the project, the software tools applied and the competency of the operating 

personnel.  


