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Abstract— Distillation is a very ancient method of
separation used for splitting a mixture of liquids into its
individual components. It is speculated that distillation has
been around from 2000 BC and its origins lie in the
Mesopotamian ~ region.  Distillation is based on
thermodynamics, and liquid separation is achieved by adding
and withdrawing heat. Distillation was a batch procedure used
to produce drinks and alcohol prior to the industrial
revolution. The primary goal of the work is to improve the
physical performance of the batch distillation column pilot
plant. Performance of the available plant can be categorised
as either an increase in product quality, such as purity, a
decrease in batch operating time, or an increase in the amount
of product extracted from feed. The goal of the work is to
combine these three potential outcomes. Advanced control
techniques, such as MPC, will improve product purity while
shortening the time needed for the procedure. The steps in the
design of a distillation column are as follows:

Specify the level of isolation necessary: establish product
requirements. Choose the batch or continuous operation type
and operating pressure. Decide whether to use plates or
packing as the contacting device. Calculate the number of
equilibrium stages and the stage and reflux requirements.
Column dimensions: diameter and actual stage count. Create
the plates, distributors, and packing supports for the interior
of the column. Internal fittings and the vessel's mechanical
design.

Keywords—Distillation, Batch processing, Product, Reflux,
MPC.

I. INTRODUCTION

The process of distillation is used to clean up liquids and
separate liquid mixtures into their constituent parts. It is
described as a procedure in which the application and removal
of heat separates a liquid or vapour mixture of two or more
substances into constituent fractions of the desired purity.
Here, we heat a mixture of ethylene and water to a specified
high temperature in order to produce pure ethylene molecules.
The distilled ethylene is then produced by condensing these
molecules. Distillation columns can be categorised into a
number of different groups.

1) Can be divided into two categories based on the quantity of
items extracted:

a) Binary Distillation Column:
components to be separated.

Mixture of two
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b) Multicomponent Distillation Column: To separate a
mixture of several components.

2) There are two types of columns, depending on the type of
column:

a) Batch Distillation Column: Feed is introduced to the
column in batches. The subsequent batch is introduced after the
precise batch for the charged feed is obtained.

b) Continuous Distillation Column: A continuous
stream input is processed by the continuous distillation column.
Continuous product extraction occurs when the feed to the
column is constantly charged.

3) Based on the internals of the columns, there are two
categories:

a) Tray Column: Here, liquid is'supported by trays of
various designs to provide for better contact between the liquid
and vapour.

b) Packed column: Internal packing is utilised to
improve contact between the liquid and the vapour.

A constrained dynamical system's cost function is
minimised using model predictive control (MPC), an
optimum control technique, across a finite, receding horizon.

An MPC controller receives or guesses the current status
of the plant at each time step. A restricted optimization
problem that depends on the present system state and an
internal plant model is then solved to determine the sequence
of control actions that minimises the cost over the horizon.
The controller then only applies the first computed control
action to the plant, ignoring the subsequent ones. Many
beneficial traits of traditional optimal control are frequently
inherited by MPC, such as the ability to naturally handle
MIMO plants, the capacity to deal with time delays (possibly
of different durations in different channels), and built-in
robustness properties against modelling errors. Specific
terminal constraints can also be used to ensure nominal
stability. The capacity to explicitly address limitations and the
potential to incorporate data on future reference and
disturbance signals, when available, are further significant
characteristics of MPC.

In the majority of cases, MPC may offer a single column
considerable control improvements over PID control, but the
benefits are significantly higher when applied to a full unit.
The benefit of MPC used with distillation columns is best
when used with a train of columns as a whole. In order to
maximise the system's throughput, the MPC controller can
operate the system of columns effectively in relation to the
operating limitations
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Il. LITERATURE SURVEY

A. C.R. Porfirio , D. Odloak and their team put forth in
this paper,a simplified form to integrate MPC and real-time
optimization.The main objective of this work is to construct
an MPC that combines system control and economic
optimization. By modifying control cost function to
incorporate an additional term relevant to the economic
purpose, the two issues are resolved concurrently. The
optimising MPC can be solved using one of the QP solvers
that are available due to the fact that it is based on a quadratic
programme (QP), just like the traditional MPC. The technique
was used in a commercial distillation system, and the
outcomes demonstrate its effectiveness and applicability in a
variety of real-world situations.

B. In this paper, Feyzullah Ozkul and Erhan Kayabasi
conducted a study which looked at a broad review of recent
developments in distillation columns and networks made up
of distillation columns. The most efficient distillation
approached in terms of energy efficiency and lowest cost
was found during this study after reviewing numerous
distillation methods from various literature sources. As a
result, the role played by the Turkish industry in distillation
column applications was taken into account, and the most
practical method among those under consideration
including the divided wall distillation column (DWC)
technique, the reverse calculation of Thomas algorithm
techniques, the pinch analysis method, the internal heat
integration method and the distillation cascade techniques
was offered to the Turkish industry.

C. Haiyan Tan and Lin Cong in their paper titled "Modeling
& control design for distillation columns based on the
equilibrium theory.”, proposed that due to the complexity of
the classic mechanism modelling method’s structure and the
fact that most reduced models exhibit glaring flaws, it is
typically challenging to adapt it to online optimization and
control. As a result, we develop a nonlinear dynamic model
of the distillation process and analyse the mass transfer
process of gas-liquid fluid on each column tray using the
theory of gas-liquid equilibrium. When compared to the
conventional mechanism model, the proposed model structure
is significantly more simplified and it accurately captures the
nonlinear aspects of the distillation process. As a result, the
model offers a fresh solution for model based techniques in
distillation columns, particularly in situations when effective
online models are needed. The nonlinear model exhibits good
concentration observation accuracy, as demonstrated by 2
case studies of benzene-toluene distillation systems. Finally,
based on this model, a general model control mechanism is
created. According to the results of the simulation, the control
approach outperforms a conventional PID control technique.

D. Naim Faqir, Binous Housam and Abdallah Al-Shammari
have intelligently proposed in this study implementation of
model predictive control for binary distillation column of
ethanol/water binary mixture. The Wilson model is used to
account for this mixture’s diversion from optimal behaviour.
Transfer functions are generated for a step in the reflux ratio,
the reboil ratio, and the feed composition after studying the
dynamic behaviour of the distillation columns that separate
this combination. The authors demonstrate how MPC
effectively rejects perturbations in feed compositions while
simultaneously  controlling  distillate and  bottom
compositions. Such calculations can be easily carried out by
students working under the supervision of a chemical
engineering faculty over a 3 months senior term project
utilising mathematical software that is often available in
universities (Mathematica & MATLAB).

E. Inthe industrial sector competency depends on a number
of factors including price delivery versatility and
performance. Handy Harjamulya, Pranoto Rusmin and Arief
Rohman proposed to regulate the temperature of the boiler
by adjusting the PWM of time and to deal with disruptions
and sensor noise using Kalman filter. Boiler plays a crucial
role in the distillation process by exploiting the difference in
boiling points of the 2 components to separate them. In this
study 30% of the alcohol is purified using an alcohol
distillation facility. To achieve the desired temperature,
boiler control system modelling and implementation are
provided. Reference temperature is about 85°C. In order to
evaluate the inaccuracy of the control system, the IAE, ISE
and ITAE are analysed. Energy consumption per operation is
also measured, in order to determine how the MPC controller
affects energy optimization.

F. Karl Kolmetz, Mochamad Firdaus, Apriliana Dwijayanti
and Chew Yin Hoon within their ‘Kolmetz handbook of
process equipment design’ cover. the fundamental
components of constructing a standard distillation column
system, including the selection and sizing of column
internals. Understanding the thermodynamics of the vapour
and liquid phases are necessary for building a distillation
column. The minimum steps necessary to achieve the desired
degree of separation is. determined by the vapour-liquid
equilibrium (VLE). The mixture’s VLE data affects the
minimum reflux ratio as well. The Fenske-Underwood
equation is one example of an equation that is frequently used
in the industry to calculate the minimal number of stages and
minimum reflux ratio of a column based on VLE data.
Additionally some design strategies are highlighted.
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G. Max Schwenzer, Muzaffer Ay, Thomas Berges and Dirk
Abell in their paper “Review on model predictive control: an
engineering perspective.” cited that, MPC refers to a class of
sophisticated control techniques that use a process model to
forecast the behaviour of the managed system in the future.
MPC determines the control rule implicitly by resolving an
optimization problem that may be limited. The focus now
moves from designing a controller to modelling the process
that needs to be controlled. The initial barrier to implementing
control is eliminated with MPC because such models can be
obtained across multiple engineering disciplines. Its implicit
formulation upholds the physical comprehension of the
system’s parameters, making the controller’s tuning easier.
Even systems that can’t be controlled by traditional feedback
controllers can be controlled via MPC. This review piece that
has been presented is a succinct summary and an application
focused survey. This article analyses the present state of the
art, taking into account theory, historical evolution and
practical issues. General implementation details and ways to
deal with computational load, which is still a big
consideration in MPC design have been detailed extensively.

H. J.B. Rawlings in his “Tutorial overview of model
predictive  control.”  Offering a  self-contained,
comprehensible educational explanation on MPC. It is
intended for readers who have experience with control,
especially practitioners and who want to gain a wider
perspective on the MPC branch of controlled technology.
Ideas are presented that offer a framework for expressing and
analysing the important challenges, and highlight how MPC
enables practitioners to solve the tradeoffs that must be taken
into account when deploying a control technique. Although
the MPC research literature is now extensive, the review
articles continue to be published frequently. Before focusing
more narrowly on creating a decently self-contained tutorial.
For novices, we need to make these points clear. An ideal
place to start is with the 3 MPC papers that were given at the
1996 Chemical Process Control (CPC) conference.
Practitioners may find Qin and Badgewell’s comparisons of
commercial MPC algorithms particularly helpful. Additional
recent reviews are provided by Chen and Allgower, Morari
and Lee. Kwon offers an extremely long number of
references. In addition, a number of outstanding books have
been published. It would be of great interest to individuals
who are interested in the current state of MPC for nonlinear
plants. Mini course on the subject was presented by Allgower
and colleagues.

I. Inthis paper, authors Jose Benavides, Manuel Gonzalez
and Andrew Rigoberto have highlighted the current
importance for the industry to use binary distillation
columns, the issue of highly nonlinear control parameters
and applied classic procedures as advanced controls. These
methods : PID controller and MPC are used and the IFAC
event data used in calculations is an alcohol and water
mixture. To compare which of the two drivers yield the best
results when adjusting the composition on the bottom, top,
and pressure in binary distillation columns, simulations
using software like Matlab and/or Simulink are used.

J. In this paper proposed by Jose Cabarello and Ignacio
Grossman we are provided with a comprehensive overview
of the main developments in zeotropic systems, ranging from
fully thermally coupled systems to systems using only

conventional columns, each with a condenser and a reboiler.
We also get an idea regarding the meticulous planning
involved in the making of distillation columns and
distillation column sequences. The paper makes sure that a
heavy emphasis is put on the complex computational
mathematical techniques involved in the programming.

K. Pratima Acharya, Geetanjali Dumpa and Traun Kumar
Dan have provided thorough insights into the design of
distillation columns in this paper. Distillation columns are
one of the most significant units involved in chemical
industries. This research paper offers a comprehensive
analysis of the binary distillation column’s mathematical
model and control. This study takes into account the Wood-
Berry distillation column model, which separates methanol
from water. The distillation column is controlled by a PID
controller, a decoupled PID controller, and a model
predictive controller. A tutorial perspective approach has
been implemented for better understanding of the dynamics
and control of the distillation column and its involved
processes.

L. Authors R. Sivakumar and Shennes Mathew have
explored the application of Model Predictive Control in
binary distillation columns in depth through their research
paper. MPC is primarily used in process related industries. It
predicts the change in the dependent variables of the
modelled system that will be brought about by changes in
independent variables. By minimising the cost function
while imposing inequality restrictions on the manipulated
variables and/or controlled variables, it may calculate the
future input signals at each step. The paper is aimed at
creating a MPC model for limited and unconstrained
input/output on SISO systems as well as MIMO systems.
The goal is to maintain the specification of the product
concentration outputs xB and XD due to disturbance F(feed
flow process disturbance) and xF (feed concentration). For
both SISO and MIMO systems, the-performance indices of
the MPC controller : settling time, overshoot, ISE, IAE and
ITAE errors are compared to those of the more traditional
multi-loop PI controller.
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1] Tables and Figures:

TABLE |
Sr. Authors Paper Name Remarks
No.
1. C.R. Porfirio and D. Optimising model predictive Construct an MPC that combines system control
Odloak control of industrial distillation and economic optimization.
column
2. Feyzullah Ozkul and Erhan | General overview on distillation Broad review of recent developments in
Kayabasi columns and column circuit distillation columns and networks made up of
distillation columns.
3. Haiyan Tan and Lin Modelling and control design Develop a nonlinear dynamic model of the
Cong for distillation column based distillation process and analyze the mass transfer
on equilibrium theory process of gas-liquid fluid on each column tray
using the theory of gas-liquid equilibrium.
4, Nain Faqgir, Binous Model predictive control of | Implementation of model predictive control for
Housam and binary distillation column binary distillation column of ethanol/water
Abdallah Al- binary mixture.
Shammari
5. Handy Harjamulya, Design and implementation of Regulate the temperature of the boiler by
Pranoto Rusmin and Arief model predictive control for adjusting the PWM of time and to deal with
Rohman energy optimization of boiler disruptions and sensor noise using Kalman filter.
in batch distillation column
6. Karl Kolmetz, Mochamed Distillation column: Cover the fundamental components of
Firdaus, Chew Yin Hoon selection, sizing, constructing a standard distillation column
and Apriliana Dwijayanti troubleshooting system, including the selection and sizing of
Kolmetz handbook of column internals..
process design
7. | Max Schwenzer, Muzaffer Review on model A process model to forecast the behaviour of the
Ay, Thomas Bergs and Dirk predictive control: An managed system in the future. MPC determines
Abel engineering perspective the control rule.
8. | J.B. Rawlings Tutorial overview of Offered a self-contained, comprehensible
model predictive control educational explanation on MPC.
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9. Jose Benavides, Manuel Comparison of PID and Current importance for the industry to use binary
Gonzalez and Anderson model predictive control, distillation columns, the issue of highly nonlinear
Rigoberto applied to binary distillation control parameters and applied classic procedures

column as advanced controls.

10. Jose Cabarello and Ignacio | Optimization of distillation Comprehensive overview of the main
Grossman processes developments in systems ranging from fully

thermally coupled systems to systems using only
conventional columns.

11. Pratima Acharya, Modelling and control of Thorough insights into the design of the
Geetanjali Dumpa and distillation column distillation column.

Tarun Dan

12. R. Sivakumar and Shennes |  Design and development of Explores the application of model predictive
Mathew model predictive control for control in binary distillation columns in depth.

binary distillation column
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