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ABSTRACT 

One of the key element of many industrial 

process plants is a crude oil distillation 

system.  This system requires heat for the 

vaporization of a mixture of feed to the 

distillation column in vapor form. In the 

existing process of distillation, an abnormal 

change of heat is exhibited due to improper 

control and monitoring of disturbances 

affecting the plant. This would result for 

undesired loss of product and product 

purity to be reduced. The parameters that 

are expected to be considered in the 

analysis, model and control of a distillation 

system described under the proposed study 

are inlet feed temperature, distillation 

column temperature,  feed composition, 

internal liquid and vapor composition, feed 

flow rate,  reboiler temperature and an 

external reflux temperature to the 

distillation tower. 

Controlling distillation column parameters 

with Adaptive model predictive control 

allows for the determination of the 

predicted future instant values of the plant 

outputs. Using such control technique, the 

controlled plant outputs such as the  

temperature of distillation column, feed 

preheater, re boiler and the upper reflux is 

properly controlled and their parameters 

are estimated using recursive least squares 

approach in the entire process adaptation 

mechanism. From the analysis and 

optimization work made on the proposed 

system, the efficiency of the plant outputs in 

tracking their corresponding set point has 

improved based on the value of the 

transient system parameters as well as  the 

value of relative volatility of feed mixture to 

the column. As per the finding in the 

analysis of the process, 95.4% and 93.5% 

improvement on the set point tracking and 

to the amount of evaporation liquid feed has 

been obtained respectively. On the other 

hand an improvement on transient 

parameters has been achieved to all plant 

outputs. As per the result obtained from the 

analysis, the peak overshoot, settling time 

and peak time of the system response has 

found to be less than 40% including the 

effect of measured disturbance to the plant. 

Hence, entire process variable optimization 

has been performed using the parameters of 

the model predictive controller to provide 

the proper degree of stability. Finally the 

proposed method of study has compared 

with other control strategies through which 

the performance of the proposed design has 

been ensured.  

 

Keywords--  Relative Volitility, MPC 

Controller, Plant Order Reduction, 

Optimization, RLS Adaptation Algorithm 

 

 

INTRODUCTION 

 

Crude oil distillation is a technique 

used to purify solvents, chemicals, natural 

products, petroleum, biodiesel, crude oil and 

other materials in refining process. From such 

chemical compounds, crude oil is the one that 

will be processed or refined to produce useable 

products. The method is exceptionally 

complex and includes both chemical responses 

and physical separations. It is composed of 

thousands of distinctive molecules[1].  

Essentially, unrefined oil contains distinctive 

small-sized solid substances that can be 

recognized by their weight as well as their 

bubbling  temperature. The division of various 

components and extraction of the specified  

fluid  is made by considering bubbling  

focuses of the division of chemical  fluids  in a 

distillation tower. The more  productive the 

refining column, the way better  would be the 
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partition of rough oil compounds. With the 

successful  handle of  fragmentary  refining  in 

acolumn. Unrefined  oil would be chemically 

prepared to alter one fraction into another.  At 

last, divisions of undesired distillates are 

permitted to be  maintained a strategic distance 

from  the  refining  column as residue [2]. The 

objectives of the refining  framework  are  to 

preserve  an  ideal  generation  rate and meet  

determinations that are set for its item. Within 

the proposed  think about  the different  

components that must be controlled in case a 

refining  framework meet its the objective is 

inspected. For a distillation system the term 

material balance means some of the materials 

that leave the distillation column or tower 

must be equal to the feed that enters the tower. 

If the flows of materials are not balanced 

problem could develop in the process. A 

refining framework fabric adjust can be 

controlled by controlling the flows of 

materials. The streams that make up the 

tower’s fabric adjust, are the bolster  stream  

into the tower. The overhead item stream of 

the overhead framework. The foot item stream 

of within the tower within the off-gas stream. 

The off-gas stream is the stream of gasses 

drawn out of the collector. Control circles 

comprise of rebellious and gadgets that work 

together to screen and control the values of 

prepare factors such as weight, level, and 

stream. Control circles of a portion of the 

refining framework is the control system. The 

flow of materials are controlled by the feed 

flow control loop, a bottom level control loop, 

an overhead product level control loop and an 

off gas stream pressure control loop. The feed 

flow control loop provides the means to 

control the weighted which feed flow into the 

tower. The bottom level control loop controls 

the level in the bottom of the tower by 

controlling the bottom product flow. The 

overhead item  level control  circle directs the 

level within the overhead recipient by 

controlling the overhead product flow. The 

off-gas stream weight control circle controls 

the discharge of gas from the overhead 

receiver which controls the pressure within the 

refining tower. [3] 

 

Heat Transmission in Distillation Column 

 

For distillation system, the term 

energy balance is the heat that goes into 

distillation tower must be equal to the heat 

goes out of the tower. The energy flows for a 

distillation tower can be divided into primary 

energy flow and secondary energy flow as it is 

shown in Fig.1. The primary energy flow 

associated with heat transfer into or out of the 

system. The primary energy flow of the system 

are the heat input to the reboiler and the feed 

preheater and the heat that transferred out of 

the overhead vapor and condenser. Most of the 

heat input to the tower from the reboiler in the 

feed preheater is removed by the condenser.

  

 
Figure 1: Crude Oil Distillation Process. [4] 
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Heat also leaves the tower in the 

products, in the gases that is invented in the 

system and by heat transfer through equipment 

piping. Secondary energy flow is associated 

with heat transfer in which the heat remains 

within the distillation system. The amount of 

secondary energy flows is determined by 

external reflux flow rate. Two major factors in 

achieving in an energy balances are the 

weighted which the reboiler vaporizes liquid 

and the weight of vapor condensation in the 

condenser. If the system has the feed 

preheater, the heat of the preheater  supply 

must also be removed to achieve an energy 

balance. The energy flows is controlled by the 

energy balance control loop.  

Each control loop consists of 

instrument and devices that work together to 

monitor and control the value of the process 

variables. The term steady state operation 

describes conditions in the distillation system 

when the process variables are changing in 

small amount within prescribed limit. During 

steady state operation changes in the flows of 

material and energy is minimal under handle 

by the control system. However, major 

changes called process disturbances can affect 

the material balance and energy balance. Many 

process disturbances results from changes in 

feed composition or concentration. [5].  

 

Materials Flow in Distillation Column 

 

The liquid feed comming from the 

preheater block is dicomposed into liquid 

having a mixture of lighter and heavier 

componets which are specified with their 

concentration. If the concentration of lighter 

component become large, there would be  a 

lower amount of heavier component in the 

feed that flow down the distillation tower. The 

decrease in heavier component causes the 

tower bottom temperature to initially increase. 

The bottom temperature sensor that is part of 

the reboiler temperature control loop senses 

the temperature increase and the control loop 

automatically decreases the reboiler steam 

flow to adapt the new state of vapor in the 

tower. With less heat added by reboiler and 

since there is no more lighter low boiling 

vapors the tower top temperature decreases. 

When the amount of vapor raised in the tower, 

the condensed liquid level in the overhead 

receiver will also be raised. The overhead 

product control loop senses the increase and 

increases the flow of the overhead product. 

The change in feed composition also affects 

the level in the bottom of the tower. Since 

there are more lighter components in the feed 

the bottom level decreases, the bottom level 

control loop senses the decrease and reduces 

the bottom product flow. A distillation tower’s 

bottom temperature makes change during the 

course of evaporation or it may be changed to 

the outer product composition. [6]. The 

system’s control loop reacts to change the 

bottom temperature to maintain material 

balance and energy balance. In the entire 

system the bottom temperature is controlled by 

adjusting the steam flow to the re boiler which 

is accomplished by the bottom temperature 

control loop. If the bottom temperature set 

point is increased, the bottom temperature 

control loop respond by increasing steam flow.  

 

Relative Volitility 

 

In a distillation tower the vapor at 

some pressure is generated through the process 

of evaporation made by  the supply of heat on 

the feed mixure. At the give temperature of 

heat the change in  vapor pressure due to the 

lighter and heavier components examine the 

measure for the relative volitility of these two 

substances. With an increase in vapor flow, 

large amount of vapor is condensed in the 

liquid in the overhead condenser in center of 

overhead receiver. The variation of level and 

flow of condensed liquid from the upper liquid 

receiver would have a further change on the 

vapor pressure of liquid in the tower. The 

control loop would adjust the lubber in the 

parts of forced air from the fan of the 

condenser to cool the increased amount of 

vapors. In addition the external reflux control 

loop senses the temperature increase in the 

tower and reactesd by increasing the flow of 

external reflux to the tower. When the external 

reflux control loop senses the decrease in 

temperature, it decreases the flow of reflux to 

the tower. The amount of condensation is 

varied by changing the temperature of the 

reflux [7]. An increase in the bottom 

temperature is an decrease in the liquid level in 

the bottom of the tower. Since the bottom level 

has decreased the bottom level control loop 

decreases the flow of the bottom’s product. An 

increase in the bottom temperature means 
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there is greater amount of vapor flow. As the 

additional vapor is condense in the condenser 

and flow is enter the receiver the temperature 

of liquid in the receiver increases. The 

condenser temperature control loop senses the 

increase in temperature in the receiver[8]. 

 

Distillation Column Process Control 

 

Fractional distillation column is a 

multiple input and Multiple output system in 

which several parameters are going to be 

controlled. The system has three process 

variables control loops such as the reboiler 

temperature control loop, a feed preheater 

temperature control loop and a condenser 

temperature control loop. The reboiler 

temperature control loop controls the amount 

of heat that sends to the tower. The feed 

preheater temperature control loop controls the 

temperature of the feed by regulating the flow 

of steam through the preheater [9]. The 

condenser temperature control loop regulates 

the amount of cooling that takes place in the 

condenser.  

 

Cascade Control 

 

A distillation system contains multiple 

number input and output parameters including 

disturbances to the plant. Therefore, there 

would be multiple control loops through which 

the parameters of the given are monitored. Due 

to the multiple number of manipulated and 

controlled variables in the distillation system, 

the entire control system is expected to have 

multiple control loops. Thus, plant outputs are 

expressed in terms of both manipulated and 

disturbance input variables in cascade 

configuration [10]. 

 

Model Predictive Controller(MPC) 

 

An MPC is an advanced control 

technique required to control and optimize a 

system exhibiting uncertain behavior by 

providing a predicted future values of the plant 

output. For a given reference signal r(ki) at 

sample time ki, within a prediction horizon the 

objective of the predictive control system is to 

bring the predicted output as close as possible 

to the set-point signal, where it is assumed that 

the set point signal remains constant in the 

optimization window. The objective is then 

goes to a system design to compute the proper 

control parameter vector ΔU such that an error 

between the set-point and the predicted output 

is minimized [11-12]. 

 

LITERATURE REVIEW 

 

The distillation system design and 

analysis has been studied in vourious research 

works. The research study described in [13] 

has presented the control of distillation column 

parameters using fuzzy inference approach. In 

this research the parameters expected to be 

monitored are only the feed flow rate and its 

temperature in the column. The research work 

mentioned in [14] described a case study on 

the implementation of advanced process 

control for crude distillation unit. In such study 

the research concern was on the way to control 

the distillation system process by the 

techniques of site survey, draft design, 

acceptance test and  trial operation. The study 

described under [15] dealt with the 

optimization of crude distillation unit in 

providing maximum rate of concentration 

product from the column product by varying 

of the column temperature. The research study 

[16] presented the design of general predictive 

controller for distillation system using order 

reduction techniques. In this research study,  

the materials  flow control analysis has been 

modeled and comparatively the performance 

of the system has determined. In the research 

work [17] described tuning of PI controller 

parameters for lab scale distillation column 

using extended predictive control.  In such 

research the column temperature and overhead 

liquid flow was considered for estimating the 

plant parameters. The research work presented 

in [18] discussed the effects of corrosion on 

distillation column and its qualitative method 

of controlling it with the prevention performed 

on the overhead product flow.  The other 

research work carried on distillation column 

control was the study described in [19] that 

dealt with fuzzy logic control technique for 

monitoring the upper product and vapor 

concentration control in side a distillation 

column. 
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METHODOLGY 

Proposed System Design 

 

In the proposed system design, the 

following assuptions has been taken to analze 

the process parameters.  

1. Presence of simple steady state on the 

vapour and liquid in the distillation tower. 

2. The flow rate of liquids through the entire 

trays of the column is same and time 

varying. 

3.  Vapor flow rate on each tray is same and 

is varied with time. 

 

Process Variables Estimation Algorithm 

 

For the estimation of parameters of the 

plant a Recursive least squares estimation 

techniques has been used within the estimator 

block of the system. From various research 

work it is esured that an a justifiable claim is 

given for the least-squares problem on the 

measured variable to determine the unknown 

parameters. [20] 

 

Dynamic Modelof  Distillation Column 

 

The  distillation process control 

contains manipulated input, disturbance, 

controlled and uncontrolled variables. The 

entire contro system has four manipulated 

variables are flow rate of feed to the 

distillation column, flow rate of liquid 

component in the column, flow rate the upper 

reflux from the overhead receiver and flow 

rate of steam from the bottom reboiler part to 

stripping section of the column. The control 

system also has four controlled outputs from 

the didtillation column. 

 

The dynamic model for distillation 

column is developed using material and energy 

balance of fractional distillation column.[21] 

 

  
Material and Energy Balance 

Material Balance 

 

Material balance for composion of feed to the distillaton column from the preheater section. 

                           FLVAiiF
F CFFCF

dt

dC
V )(      (1) 

The material balance for the composition liquid Reflux from the upper receiver: 

 

    RLRRiL
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dC
V )(          (2)     

Material balance for composition of liquid inside the destillation colum : 

             LLLiF
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dt

dC
V            (3) 

Material balance for composition of vapor inside the destillation colum : 

                   VV
V CF

dt

dC
V              (4) 

Energy Balance  

The fractional distillation system energy balance  is expressed in terms of variables related with heat 

on that would result for the variation of the column temperature. Such variables are the temperature of 

feed entering to the tower, the bottom reboiler temperature and the temperature of reflux liquid from 

the overhead receiver block. The variables are related as it is described in [22]. 
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The heat dissipated from the 

distillation column due to the stated heat 

variables as a temperature on the tower is 

uniform in the space between thermal 

capacitance of the column wall material 

negligible and convective thermal resistance of 

the vapour side inside the column. The losen 

heat from the column can be mathematically 

expressed as it has been described as: [23] 
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Table 1: List of steady state values of parameters in distillation system. [24] 

 

Applying the Taylor series linearizing 

approach for the above non-linear material and 

energy balance model equations by take the 

steady state value of the parameters in Table 1, 

The state space model representation of the 

entire  system dynamic  become:  

Variable unit Value Variable unit Value 

 Kg/ m
3
 900 Cfr K mol/m

3 
4.031 

w Kg/ m
3
 1000 CRr KJ/Kg 

0
K 5.82 

Vd m
3 

1.56 Cvr KJ/Kg 
0
K 5.82 

Cp KJ/Kg 
0
K 3.13 CLr KJ/Kg 

0
K 5.82 

A KJ/K mol 7900 VL m
3
 4.11 

R KJ/K mol 
0
K 8.314 VV m

3
 3.12 

Tdr 
0
K 315    

Tfr 
0
K 290    

TRr 
0
K 52    

Trr 
0
K 285    

FFr m
3
/hr 1.13    

FLr m
3
/hr 1.41    

FVr m
3
/hr 1.61    

FSr m
3
/hr 1.72    

α  1.5    
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From the above state space model the transfer function of the system variables have a 

characteristic polynomial having a degree of four. 
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Order Reduction 

The entire system transfer function has the order of four in its characteristic equation. By 

using Skogestad’s half rule approximation technique, the second order transferfunction 

equivalent is represented in terms of a function having time delay parameter. [25] 
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The entire system plant transfer function is made to be represented simplified form as: 
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As per the rule τ1 chosen to be the largest dominant time constant to be retained. Hence, τ1 

and T holds the maximum value from all values of an and bm in the numerator and 

denominator of G(s) respectively. While τ2 woul chosec as  
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Table 2: List of approximated plant transfer functions. 
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For the proper design of an MPC controller, the continuous time transfer functions of a proposed 

system listed under Table 2 should be converted into discrete time in terms of z transfor. The Bilinear 
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transform  method has been chosed by the proposed system analysis to convert continuous-time 

transfer functions into discrete form as show below: [26] 

              
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where T is the time delay value in the exponential part of a transfer function. 

Predictive Control System Optimization 
The plant of entire distillation system which has explained before have four outputs and four states.  

Using the general formulation of predictive control 

problem analsis, the proposed system has described by the following discrete state space equation 

[27].  

xm(k + 1) = Amxm(k) + Bmu(k) + Bdw(k)  

y(k) = Cmxm(k),                                               (17) 

where  

w(k) is an input measured disturbance or integrated white noise so it is based on the state-space model 

(A, B, C). Hence, the future state variables and the predicted output variables can be calculated 

sequentially in terms of  the MPC controller parameters as: 

x(ki + Np | ki) = A
Np

x(ki) + A
(Np−1)

BΔu(ki) + A
(Np−2)

BΔu(ki + 1) + . . . + ANp−NcBΔu(ki + Nc − 1). 

            (15) 

y(ki + Np | ki) = CA
Np

x(ki) + CA
(Np−1)

BΔu(ki) + CA
(Np−2)

BΔu(ki + 1)+ . . . + CA
(Np−Nc)

BΔu(ki + Nc − 1) 

                                                                                                                     

(18) 

where Nc is the control horizon dictating the number of parameters used to capture the future control 

trajectory while Np is the prediction horizon that represent the length of the optimization window.  

Since all predicted variables are determined using the present state of the variable information x(ki) 

and the future control signal trajectory Δu(ki +j),  

where  j = 0, 1, . . . Nc − 1. 

 

Adaptation Mechanism 

It is well known that, most industrial process have non-linear and time varying 

characteristics.Therefore, modelling of it the most challegic work especially when the process 

operating conditions frequently vary. In most cases control strategies with constant parameters cannot 

adapt to changes in the operating conditions.  The non-linear and time varying property of industrial 

distillation column is the main motivating factor for the development of adaptive control technique. 

The plant output and its parameters can be described as [28].  

)()()( kkky T                  (19) 

But the proposed system has four plant outputs with respect to the four manipulated variables. Hence,  
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The regression vector relating the four plant output is given by: 
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θ and ϕ are the vector of adaptive parameters for the inputs and outputs vector respectively. The prior 

estimation error: 

          )()1()()1/( kkkykke T                    (24) 

 

With the new parameter update to the existing plant model can be made by using the present state 

values the parameters which is given as: 

                   )1/()()()(  kkekKkk 
              (25)                                 

 

where,   )()( )()1/( kky kkke T
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
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where λ is exponential forgetting factor for parameter adjustment block in the parameter estimator 

section.  

 

RESULT AND DISCUSSION 

 

The Simulink result of the entire 

distillation process is shown on the Fig. 2. The 

entire control system of the plant used an MPC 

controller with an adaptive parameter 

estimator block for online estimation of the 

parameters of the plant having four 

manipulated and controlled output variables. 

The parameter estimation block provides an 

estimate of the plant parameters in accordance 

with the four controlled outputs. 

  

 
Figure 2: Simulink design of the proposed system. 
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With an appropriate value exponential 

forgetting factor at 0.95 the estimator part 

would  update plant parameters using recursive 

list square algorithm.With an MPC controller 

block the future behavior of the plant is 

predicted to obtain the correspondin stable  

outputs. Hence, the MPC controlled has been 

designed with its parameters such as prediction 

horizon of Np = 4, control horizon of Nc = 2 

and constraints of W=0.8 were selected 

depending on the number of parameters 

existed under the control signal U. The change 

in controlled signal U exprssed with the four 

maniplated mariables in the entire destillation 

process such as feed flow rate, liquid floow 

rate, reboiler steam flow rate and reflux flow 

rate. The relative volitility block of the system 

provides an information on the rate of liquid 

compent is going to convert into vapor form 

depending on concentration of liquid and 

vapor inside the destillation column.  

 

Temperature Outputs of Distillation 

Column 

 

In the proposed system the controllled 

variable are the temperature of reflux, reboiler, 

feed and distillation column. Since the 

reference value of for these have been obtained 

as 315
0
K, 289

0
K, 55

0
K and 295

0
K 

respectively. Thus by the implementation of 

adaptive MPC controller the four controlled 

plant outputs have tracked their set poit 

properly as shown on Fig 3.   

 

 
Figure 3: Simulation result of temperature component of  Distillation system. 

 
Distillation Column Estimated Parameters 

 

In this section of the result, an 

estimator block provides an  estimate of the 

plant parameters of the entire system using a 

recursive least square algorithm. The proposed 

design have estimated the parameters of 

distillation column plant with respect to the 

four manipulated and controlled variables as 

shown from Fig. 4-7. Therefore, the 

parameters which were described at equation 

(21) are going to be estimated properly for the 

respective plant outputs with respect to the 

four manipulated input variables. 
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Figure 4:  Distillation Column Temerature Estimated Parameters 

 

 
Figure 5:  Feed Temerature Estimated Parameters. 
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Figure 6: Reflux Temerature Estimated Parameters. 

 

 
Figure 7: Reboiler Temerature Estimated Parameters. 
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Controlled Output of Relative Volitility 

 

The relative valitility of the materials 

flowing in the tower has been determined by 

the effict of temperature on the vapor and liquid 

composition. As it can be see from Fig. 8 up to 

a time of 7 seconds relative volitility is tend to 

vary with time but beyod this period it would 

follow a constant or stable operational trajector 

in providing refernce value of 1.5 for the entire 

process. 

 

 
Figure 8: Relative volitility of Liquid in distillation column. 

 

Table 3: Comparative Results of Proposed system design with the existing control 

techniques. 

Control 

Tecnique 
Plant 

Peak 

Overshoot 

Settling 

Time 

Rise 

time 

Peak 

Time 

With PID type 

controller 

Td 0.957 0.82 0.752 0.691 

Tf 0.852 0.951 0.631 0.734 

Td 0.634 0.634 0.712 0.684 

TR 0.744 0.502 0.824 0.773 

 

 

With IMC type 

controller 

Td 0.417 0.821 0.673 0.547 

Tf 0.651 0.551 0.634 0.634 

Td 0.534 0.634 0.514 0.514 

TR 0.743 0.611 0.677 0.707 

 

With proposed 

MPC type 

controller 

 

Td 0.336 0.325 0.361 0.351 

Tf 0.381 0.302 0.353 0.307 

Td 0.345 0.264 0.322 0.314 

TR 0.273 0.342 0.327 0.373 

 

Using the proposed system controller, 

the stability of the entire distillation column 

process become more better than the other 

control strategies as shown in Table 3. 

 

 

 

 

 

 

CONCLUSION 

The design  of  Adaptive model 

predictive control technique for the MIMO 

distillation system control is modelled to 

optimize the process having a set of constraints 

due to the dynamics behavior of the plant.  

The constraint on the plant is due to the 

presence of uncertain distillation process 

variables. The process variables in the entire 

system are frequently needs proper design and 
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optimization to obtain stable controlled plant 

output. Hence, with the imlementation an 

advanced adaptive MPC base model analysis, 

the uncertain parameters of the plan have been 

properly controlled optimized. The MPC 

controller used in the proposed study provides 

an estimate of future values of the plant outputs 

using the ordinary model of the plant. The 

future predicted values of controlled plant 

variables have been determined properly and 

they have tracked their set ponts effectively 

with the minimum  appropriate values of 

transient parameters. 

 

ACKNOWLEDGEMENT 

 

This work was financially supported by 

Jimma Institute Technology, Jimma University 

Ethiopia for the research scholars.  

 

CONFLICT OF INTEREST 

 

The authors declare that there is no 

conflict of interest regarding the publication of 

this paper. 

 

REFERENCES 

1. Ahmed M. I. Yousef, Yehia A. Eldrainy, 

Wael M. El-Maghlany, Abdelhamid Attia 

(2016). Upgrading Biogas by a low 

Temperature CO2 Removal Technique.  

Alexandria Engineering Journal, 55 (2), 

1143-1150, Available at: 

https://doi.org/10.1016/j.aej.2016.03.026. 

2. Petros Karamanakos and Senior Member,“ 

Guidelines for the Design of Finite 

Control Set Model Predictive 

Controllers”, Journal of Information 

Technology and Communication Sciences, 

ISSN 2328-4595(Print), ISSN 2328-4609, 

2019, Available at: 

http://tobiasgeyer.org/KaGe19_Guidelines

.pdf.  

3. Angelo Raimondi, Antonio Favela-

Contreras, Francisco Beltrán-Carbajal, 

Alejandro Piñón-Rubio, Jose Luis de la 

Peña-Elizondo (2015). Design of an 

adaptive predictive control strategy for 

crude oil atmospheric distillation process. 

Control Engineering Practice, 34, 39-48, 

Available at: 

https://doi.org/10.1016/j.conengprac.2014.

09.014. 

4. José Leonardo Benavides Maldonado, 

Jorge Michael Valarezo and Darwin Tapia 

Peralta (2015). Multivariable Control of a 

Binary Distillation Column. International 

Journal of Engineering and Applied 

Sciences (IJEAS), ISSN: 2394-3661, 2 

(12), Available at: 

https://www.neliti.com/publications/25777

7/multivariable-control-of-a-binary-

distillation-column. 

5. M.Sharmila, Ms.V.Mangaiyarkarasi 

(2014). Modeling and Control of Binary 

Distillation Column. International Journal 

of Advanced Research in Electrical, 

Electronics and Instrumentation 

Engineering, 3 (4), Available at: 

https://www.scribd.com/document/288703

477/Modeling-and-control-of-binary-

distillation-column-Labview-pdf. 

6. R. Rivas-Perez, V. Feliu-Batlle, F.J. 

Castillo-Garcia, & I. Benitez-Gonzalez 

(2014). Temperature control of a crude oil 

preheating furnace using a modified Smith 

predictor improved with a disturbance 

rejection term. International Federation of 

Automatic Control Proceedings Volume, 

47 (3), 5760-5765, Available at: 

https://doi.org/10.3182/20140824-6-ZA-

1003.01999. 

7. P. K. Bhowmik, J. A. Shamim and S. K. 

Dhar  “Operation and Control of Crude 

Oil Refining Process using Atmospheric 

Distillation Column with PLC”,J ournal of 

Electrical Engineering The Institution of 

Engineers, Bangladesh Vol. EE 38, No.2, 

December 2012, Available at: 

https://www.researchgate.net/profile/Palas

h_Bhowmik/publication/269984724_Oper

ation_and_Control_of_Crude_Oil_Refinin

g_Process_using_Atmospheric_Distillatio

n_Column_with_PLC/links/549aa9020cf2

fedbc30dc934/Operation-and-Control-of-

Crude-Oil-Refining-Process-using-

Atmospheric-Distillation-Column-with-

PLC.pdf. 

8. Akbar Mohammadi Doust, Farhad 

Shahraki & Jafar Sadeghi (2012). 

Simulation, control and sensitivity analysis 

of crude oil distillation unit. Journal of 

Petroleum and Gas Engineering,  3 (6), 

99-113, ISSN 2141-2677, Available at : 

10.5897/JPGE11.056. 

 

https://doi.org/10.1016/j.aej.2016.03.026.
https://doi.org/10.1016/j.conengprac.2014.09.014.
https://doi.org/10.1016/j.conengprac.2014.09.014.
https://www.neliti.com/publications/257777/multivariable-control-of-a-binary-distillation-column
https://www.neliti.com/publications/257777/multivariable-control-of-a-binary-distillation-column
https://www.neliti.com/publications/257777/multivariable-control-of-a-binary-distillation-column
https://www.scribd.com/document/288703477/Modeling-and-control-of-binary-distillation-column-Labview-pdf
https://www.scribd.com/document/288703477/Modeling-and-control-of-binary-distillation-column-Labview-pdf
https://www.scribd.com/document/288703477/Modeling-and-control-of-binary-distillation-column-Labview-pdf
https://doi.org/10.3182/20140824-6-ZA-1003.01999
https://doi.org/10.3182/20140824-6-ZA-1003.01999
../../../AppData/Downloads/10.5897/JPGE11.056.


 

 

58 Page 42-59 © MAT Journals 2021. All Rights Reserved 

 

e-ISSN: 2582-3000 

Volume-7, Issue-1 (January-April, 2021) 

 

https://doi.org/10.46610/JOCIE.2021.v07i01.004 

 

Journal of 

Control and Instrumentation Engineering 

 

www.matjournals.com 

 

9. Tesfabirhan Shoga, Amruth Ramesh 

Thelkar, C Bharatiraja, Sisay Mitiku, 

Yusuff Adedayo (2019). Self-tuning 

Regulator  Based Cascade Control for 

Temperature of Exothermic Stirred Tank 

Reactor. FME Transactions, 47 (1), 202-

211, Available at: 

http://scindeks.ceon.rs/article.aspx?artid=1

451-20921901202S&lang=en. 

10. Masoumi, M.E. & Z., Izakmehri (2011). 

Improving of refinery furnaces efficiency 

using mathematical modeling. 

International Journal of Modeling and 

Optimization, 1 (1), 74-79, Available  at: 

http://www.ijmo.org/show-7-17-1.html. 

11. Grzegorz Boczkaj, Andrzej Przyjazny, 

Marian Kamiński (2011). A new 

procedure for the determination of 

distillation temperature distribution of 

high-boiling petroleum products and 

fractions. Analytical Bioanalytical 

Chemistry,  399, 3253-3260, Available at: 

10.1007/s00216-010-4427-8. 

12. Kuldeep Bhatt & Narendra M. Patel 

(2012). Generalized Modeling and 

Simulation of Reactive Distillation: 

Esterification. Advances in Applied 

Science Research,3 (3), 1346-1352, ISSN: 

0976-8610, Available at: 

https://www.imedpub.com/articles/gen

eralized-modeling-and-simulation-of-

reactive-distillation-esterification.pdf. 
13. S. Aaron James, A. Antony Judice, G. 

Kumaravel (2018). Distillation Column 

Control in Labview Using Fuzzy 

Interference System. World Scientific 

News, 98, 214-220, E-ISSN 2392-2192, 

Available at: 

http://psjd.icm.edu.pl/psjd/element/bwmet

a1.element.psjd-40c0379a-b6e7-4340-

9890-

278b2a1c5d55;jsessionid=AD2F035307C

1281C1E44D416C8CBFB73. 

14.  D. Kh. Fayruzov, Yu. N. Bel’kov, D. V. 

Kneller, and A. Yu. Torgashov, 

“Advanced Process Control System for a 

Crude Distillation Unit. A Case Study,” 

Automation and Remote Control, ISSN 

0005-1179, Vol. 78, No. 2, pp. 357–367, 

2017, Available at 
https://doi.org/10.1134/S0005117917020138. 

15. Fethi Kamişli1, Ari Abdulqader Ahmed 

(2019). Simulation and Optimization of A 

Crude Oil Distillation Unit. Turkish 

Journal of Science & Technology, 14 (2), 

59-68, Available at: 

https://dergipark.org.tr/en/pub/tjst/issue/48

762/539382. 

16. Anuj Abraham, N. Pappa, M. Shanmugha 

Priya & Mary Hexy (2017). Predictive 

control design for a MIMO multivariable 

process using order reduction techniques. 

International Journal of Modelling and 

Simulation, ISSN: 0228-6203, 37 (4), 199-

207, Available at: 

https://doi.org/10.1080/02286203.2017.13

26303. 

17. Eadala Sarath Yadav, Thirunavukkarasu 

Indiran, S. Shanmuga Priya, & Giuseppe 

Fedele (2019). Parameter Estimation and 

an Extended Predictive-Based Tuning 

Method for a Lab-Scale Distillation 

Column. Journal ACS Omega,  25 (4), 

21230-21241, Available at:  

10.1021/acsomega.9b02713. 

18. M.A. Fajobi , R.T. Loto & O.O. Oluwole 

(2019). Crude distillation overhead 

system”: Corrosion and Control. 

International Conference on Engineering 

for Sustainable World, Journal of Physics: 

Conference Series, 1378 (4), Available at: 

10.1088/1742-6596/1378/4/042090. 

19.  Anna Vasičkaninová, Monika Bakošová, 

Alajos Mészáros (2016). Fuzzy Control of 

a Distillation Column. Proceedings of the 

26th European Symposium on Computer 

Aided Process Engineering – ESCAPE , 

38, 1299-1304, Available at: 

https://doi.org/10.1016/B978-0-444-

63428-3.50221-6. 

20. Pavel Dworak, Jitendra Kumar Goyal, 

Shubham Aggarwal & Sandip Ghosh 

(2019). Effective Use of MPC for 

Dynamic Decoupling of MIMO Systems. 

Elektronika Ir Elektrotechnika, ISSN 

1392-1215, 25 (2),  3-8, Available at: 

https://doi.org/10.5755/j01.eie.25.2.23195. 

21. Alexander Kalmuk, Kirill Tyushev, Oleg 

Granichin, & Ming Yuchi (2017). Online 

Parameter Estimation for MPC Model 

Uncertainties Based on LSCR Approach. 

IEEE Conference on Control Technology 

and Applications (CCTA) Kohala Coast, 

Hawai'i, USA, Available at: 

https://doi.org/10.1109/CCTA.2017.80626

31. 

 

http://scindeks.ceon.rs/article.aspx?artid=1451-20921901202S&lang=en
http://scindeks.ceon.rs/article.aspx?artid=1451-20921901202S&lang=en
http://www.ijmo.org/show-7-17-1.html.
../../../AppData/Downloads/10.1007/s00216-010-4427-8.
https://www.imedpub.com/articles/generalized-modeling-and-simulation-of-reactive-distillation-esterification.pdf
https://www.imedpub.com/articles/generalized-modeling-and-simulation-of-reactive-distillation-esterification.pdf
https://www.imedpub.com/articles/generalized-modeling-and-simulation-of-reactive-distillation-esterification.pdf
http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.psjd-40c0379a-b6e7-4340-9890-278b2a1c5d55;jsessionid=AD2F035307C1281C1E44D416C8CBFB73
http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.psjd-40c0379a-b6e7-4340-9890-278b2a1c5d55;jsessionid=AD2F035307C1281C1E44D416C8CBFB73
http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.psjd-40c0379a-b6e7-4340-9890-278b2a1c5d55;jsessionid=AD2F035307C1281C1E44D416C8CBFB73
http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.psjd-40c0379a-b6e7-4340-9890-278b2a1c5d55;jsessionid=AD2F035307C1281C1E44D416C8CBFB73
http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.psjd-40c0379a-b6e7-4340-9890-278b2a1c5d55;jsessionid=AD2F035307C1281C1E44D416C8CBFB73
https://doi.org/10.1134/S0005117917020138
https://dergipark.org.tr/en/pub/tjst/issue/48762/539382
https://dergipark.org.tr/en/pub/tjst/issue/48762/539382
https://doi.org/10.1080/02286203.2017.1326303.
https://doi.org/10.1080/02286203.2017.1326303.
../../../AppData/Downloads/10.1021/acsomega.9b02713.
../../../AppData/Downloads/10.1088/1742-6596/1378/4/042090.
https://doi.org/10.1016/B978-0-444-63428-3.50221-6.
https://doi.org/10.1016/B978-0-444-63428-3.50221-6.
https://doi.org/10.5755/j01.eie.25.2.23195.
https://doi.org/10.1109/CCTA.2017.8062631
https://doi.org/10.1109/CCTA.2017.8062631


 

 

59 Page 42-59 © MAT Journals 2021. All Rights Reserved 

 

e-ISSN: 2582-3000 

Volume-7, Issue-1 (January-April, 2021) 

 

https://doi.org/10.46610/JOCIE.2021.v07i01.004 

Journal of 

Control and Instrumentation Engineering 

 

www.matjournals.com 

 

22. Etim Nyong Bassey (2017). 

Thermodynamic Analysis and 

Optimization of Distillation Column :A 

Guid to improved Energy Utilization. 

KMUTN International Journal of Science 

and Technology, Vol. 10, No. 2 pp. 153-

160, 2017, Available at: 

https://www.google.com/url?sa=t&rct=j&

q=&esrc=s&source=web&cd=&cad=rja&

uact=8&ved=2ahUKEwjH2YmSiZTwAh

XksnEKHT09C7kQFjAAegQIAxAD&url

=https%3A%2F%2Fwww.tci-

thaijo.org%2Findex.php%2Fijast%2Fartic

le%2Fdownload%2F87094%2F68881&us

g=AOvVaw1LlprWYDA995pwoUnKBD

pT. 

23. Alberto Bemporad (2006). Model 

Predictive Control Design: New Trends 

and Tools. Proceedings of the 45th IEEE 

ConferenceonDecision&Control, San 

Diego, USA, Avaialble at: 

https://doi.org/10.1109/CDC.2006.377490. 

24. Bernd Wittgens & Sigurd Skogestad 

(2000). Evaluation of Dynamic Models of 

Distillation Columns with Emphasis on the 

Initial Response. Modeling, Identification 

and Control,  21 (2), 83-103, Available at: 

https://www.mic-journal.no/ABS/MIC-

2000-2-2/. 

25. Nosiri C. A. and Agubor C. K. 

(2016). Petroleum Distillation Column 

Electronic InternalTemperature 

Controller. International Journal of 

Scientific & Engineering Research, 

olume 7, Issue 10, ISSN 2229-5518 

Available at: 

https://www.ijser.org/researchpaper/Pe

troleum-Distillation-Column-

Electronic-Internal-Temperature-

Controller.pdf  
26. Moustafa A. & Soliman (2009). A 

shortcut method for Binary Distillation 

column design. Proceedings of 7
th
  Saudi 

Engineering Conference, ISBN-13:978, 

35-46, Available at: 

https://www.researchgate.net/publication/

283053043_A_shortcut_method_for_binar

y_distillation_column_design. 

 

27. Fethi Kamişli, Ari Abdulqader Ahmed     

“Design & Control of Vehicle Boom 

Barrier Gate System using Augmented H2 

Optimal & H Synthesis Controllers,” 

Turkish Journal of Science & Technology, 

14(2), 59-68, 2019, Available at: 

https://www.preprints.org/manuscript/202

007.0585/v1. 

28. Mustefa Jibril, Messay Tadese,  

Tesfabirhan Shoga,    “Comparison of H∞ 

and µ-synthesis Control Design for 

Quarter Car Active Suspension System 

using Simulink,” 

doi:10.20944/preprints202007.0585.v1,  

2020, Available at: 

http://ijsred.com/volume3/issue1/IJSRED-

V3I1P85.pdf. 

NOMENCLATURE 

MPC: Model predictive controller 

IMC: Internal Model Control 

PID: Proportional, integral and derivative 

RLS: Recursive least squares 

CV: Vapor composition in a tower 

CL: Liquid composition in a tower 

CRr: Reference reflux liquid Composition 

Q: The disspated heat 

: Density of feed 

c: Water density 

Vd: Volume of distillation tower 

Vf: Volume of feed 

VR: Volume of reflux liquid 

Cp: Thermal capacity 

A: Activation energy for decomposition of feed 

F : Feed flow rate 

Td: Distillation Column Temperature 

TiR: Reference temperature value of  reflux 

Tri: Steady state temperature of  reboiler 

Tdr: steady state value  Distillation temperature 

Np :prediction horizon 

Nc :control horizon 

W : Constraints 

θ: Estimated plant Parameter 

ϕ : The Regression matrix 

λ:: Exponential forgetting factor plant outputs 

P: Covariance Matrix 

e: Plant parameters estimation error
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