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Abstract: Controller is the heart of the distillation column, widely used in 

most industries such as petrochemical, pharmaceutical, and oil and gas.  An 

intelligent and precise autonomous hybrid intelligent controller can 

achieve higher efficiency and high-grade pure output with the low-cost 

operation. The behaviour of the plant is often non-linear and interactive. 

Hence suitable models and perfect controller designs are very critical.  A 

study has been carried out for several models and controllers. Extensive 

analysis has been carried out with different controllers and models for their 

efficacy, performance and the purity of the byproduct. A comparative study 

has been done with different controllers and models concerning their 

performance, and various challenges posed in numerous works of literature 

have been reviewed. 
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1 Introduction 

The Distillation Column is the most common and less expensive device for separation in most chemical, 

petrochemical, pharmaceutical, and oil and gas industries. The construction cost of the equipment is very 

economical and affordable, but the operation cost is very expensive to achieve the desired efficiency output. 

The controller task is critical and difficult due to the system’s behaviours, such as non-linear and interactive. 

The chemical industries are the primary users of this distillation process, and studies of controlling methods 

are examined here. The variables used in the system will be dynamic characters, and the system’s 

thermodynamics may also need improvement. Due to uncertainties and measurement delays, control system 

design is more difficult and complex. The distillation column’s fundamental binary model is described in 

Fig. 1. The number of trays, condenser, and reboiler is all included. The process fluid or the mixture that 

wishes to be detached is passed to the feed tray, where the ingredients are separated. Each component’s 

boiling point must be considered when sorting the ingredients into their respective categories. The column 

is separated into two parts, Rectifying section and the stripping section. The Rectifying section consists of 

gas components, and the stripping section of liquid components. The objective of the distillation column. 

A huge amount of heat is transmitted between trays to separate the ingredients from the composite and thus 

urges the designing of a precise controller for efficient and high-quality results with the economic process. 

Various controllers have been used in the distillation column to maintain the good quality of the 

composition of liquid and gas products. In this paper, we have discussed various models used and different 

control strategies in the distillation column. 
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Figure 1: Distillation Column 

2 Literature Survey 

Due to the complexity of the process, the controlling strategies and distillation columns in industries 

need to provide more high-efficiency results. All these complexities must be considered while designing 

the control system. The survey’s main objective is to propose a framework for an automated control system 

to perform efficiently and precisely. Researchers are focusing on intelligent controllers instead of 

conventional controllers because of their accurate results with less cost. Some researchers designed hybrid 

controllers using intelligent and conventional controllers for the best performance.     

3 Conventional Controller 

In earlier days, most industries used distillation columns with conventional controllers like PI/PID. But 

the results were different than expected. Then multi-loop control system with a sequential design was used 

in further developments [2]. After this development’s success, people researched automated tuning 

parameters, and soon the automated tuning of PID controller parameters was invented [3].  

  

Figure 2: Biased relay model 

Jia Shiu [4] highlighted the significant formula for designing multivariable decoupling control and a 

serially multi-loop proportional integrated/proportional integrated derivative controller. Fig.2 shows that 

model of biased relay and tuning formula is developed [4, 5] for tuning all the loops using the single loop 

method. This model is more suitable if the atmosphere is multivariable and the process dynamics vary ad 

sets. The meekest controller plan and its effective circle disappointment conduct limit are the most 

identifiable benefits of the many-circle SISO system. A more-circle framework is partitioned into identical 

single circles for planning reasons. Hsiao-Ping Huang [6] festered the structure of more-circle controllers 
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into the plan for controllers of identical and autonomous circles. An effective open-loop process was 

designed for every single loop. Using these designed effective open-loop process data, controller 

configuration is done legitimately and self-rulingly, free of the controller elements of different loops. The 

model-oriented method was to design a proportional integrated and proportional integrated derivative 

controller. 

Simple parametric models are used to calculate the tuning method. This method is straightforward and 

compelling for planning multi-loop Proportional integral derivative controllers, essentially many input and 

output processes with low measurements. Process having higher measurements, the plan should be more 

regular because of normal displaying mistakes in the computation. The connection between I/O factors 

continued as the fundamental trouble was looked at in the more loop control algorithm plan for more process 

parameters. Truong invented [7] a new method for the autonomous design of multi-loop PI/PID controllers. 

A new concept of an effective open-loop transfer function has been developed to convert a multi-loop 

controller into multiples of a single independent loop with identical parameters [8, 9]. The effective open 

loop transfer function is further considered a low-order equation in the model reduction technique [7]. With 

the outcome of an effective open loop transfer function model, each controller with the individual loop is 

independently formed by engaging the IMC-based proportional integral derivative tuning method for SISO 

systems.  

The outcomes found that the effective open loop transfer function and the reduced effective open loop 

transfer function proportionally approximate the active coupling between loops with the real effective open 

loop transfer function. In the plant model, this method always provides an astounding execution with a 

quick and well-proportioned time reaction and holds powerful stability. The frequent input and single output 

tuning method currently used in factories is a delayed process and is not acceptable for a multivariable 

control system. A software program has been developed to assist people in designing the multi-loop PID 

controller parameter. Then the parameters were calculated using a dynamic model of the many-parameter 

system and a controlled non-linear optimization system. This technique was accepted by most industries 

and found successful. Additionally, if the interaction rate is higher, many inputs and outputs based on model 

work have successfully tuned many conventional controllers. Huge gain and dead time sturdiness margins 

promise that the loop will remain unchanging and flawlessly checked even for non-linear systems [10]. 

4 Model-Based Controller 

Inferential control is one of the most famous approaches for controlling online process control. A 

predictive controller model is effective only if there is a self-motivated process model, but a dynamic 

process model in PIC is not required. This model will use the restrained variables as a response variable. A 

new inferential system, PIC [5], was developed. This PIC is to actualize input parameters with a feed 

frontward impact. The point-by-point dynamic recreation results are given in the table. 1, demonstrated that 

the foreseen PIC with cascade course control works strikingly better than other control systems. Adaptive 

controllers are used for systems that are neither arranged in a straight line nor stationary because the 

requirement is to adjust the deviation in the balance of the parameter attributes. To achieve the result, using 

adaptive controllers allowed for making the necessary adjustments. By attempting the procedure, the 

controller must change the model, which is plant-based. Vu Trieu Minh [11] found three phases with his 

model by doing the simulation: fundamental non-linear structure, linear structure, and linear structure with 

decreased order. For the model orientation, MRAC is useful to control the linear model, which will be 

picked as the orientation model in decreasing order. Figuring the straight versatile controller from the 

physical laws engaged with the procedure. There was no reference to the genuine framework distinguishing 

pieces of evidence that established the trial creation factors, explicitly planned structures, boundary 

estimation, or framework approval. 
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Table 1: Pic with cascade work performance 

Interv

al 
1 2 3 

IC 

B 6.940 6.880 6.820 

D 7.150 7.110 7.090 

Total 14.090 13.990 13.910 

PIC  (α = 11 mins) 

B 6.620 6.600 6.560 

D 6.540 6.430 6.420 

Total 13.160 13.030 12.980 

Idyllic composition control 

B 5.150 0 0 

D 7.770 0 0 

Total 12.920 0 0 

 

5 Intelligent controller 

However, PMC is a strong method for the control of the multivariable design. A few variables confine 

the possible utilization of MPC. The use of MPC in many parameter designs will aid in providing expected 

postponements in extensive non-linear arrangements. All of these constraints are overcome by employing 

fuzzy model predictive control. R.Sivakumar presented FMPC [12] in 2010. The fuzzy model is used for 

non-linear MIMO distillation columns. The required strategy is to use it in low-uniqueness, multivariable, 

and uncertain control procedures. An adaptive system, which is a comprehensive system, is required to 

accomplish this. Designing an MPC controller is troublesome because of its nature of non-linear 

characteristics. IC is a dominant tool to assess the system characteristics [13] to find the result of the system. 

The neural network model is working to anticipate future outputs for most of the controller models. This 

model is basic while having an excellent limit for assessing the dynamic system. In 2018, Simon Diaz et al. 

found [1] the best controller for batch and continuous processes. The best controller for a batch process is 

PID-IMC with filter gave the best result in the laboratory model because of the best disturbance rejection. 

For continuous process, it found that artificial neural network NARMA-L2 performance was impressive 

considering the control performance, robustness of control action and difficulty of implementation and 

design. They also compared with IMC, Gain Scheduling, Expert, Fuzzy (Mamdani and Sugeno) and Neural-

Network. Differential-algebraic equations (DAEs) have been used in the non-equilibrium liquid–vapour. 

The DAE system is shown to be of index one. Internal entropy production for the irreversible flash drum is 

presented as a Lyapunov function candidate to extend the stability analysis [14]. In 2019, Egdala Sarath et 

al. developed a lab-scale binary column and used a PI controller with an extended predictive-based tuning 

method [15]. The controller parameters are formulated from the summation of instantaneous controller 

changes and the rise time of EPC’s closed-loop unit step response. The application of this novel design has 

been demonstrated through benchmark and experimental models of the distillation process. A new model 

has been developed by Rasmussen [17], which is called the cyclic method of the distillation column. From 

that limit, the cycle was developed by Pranav [16], which has given excellent results [18-20]. 
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6 Conclusion 

Over the evaluation of controller designing for distillation column from conventional to model based to 

intelligent controller. A review of various control plans utilized for the distillation column is finished. A 

review is examined broadly. It has been discovered that hybrid controllers, like intelligent controllers 

combined with model-based control, provide excellent output. The future work is to implement the Genetic 

Algorithm with the conventional controller and analyze the data and performance. 
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