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Introduction and Motivation

There has been a significant increase in the development and
functioning of batch processing plants in the recent years. This is
mainly because of new market environment which demands high
value and low volume products.
Characteristics of Batch Processes:

Feature: Flexible, Low volume high quality products

Applications: multiproduct industries like fine/ specialty chem-
icals and pharma industry.

Optimzation of design and operating parameters is crucial for
Batch processes.

Requires the development of versatile modeling and simulation
tool.
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Objective and Approach

Objective:

Development of general purpose simulator for batch processes in
the form of a Modelica library.
This module will help small sized business to enhance the produc-
tivity and also equally important for the academics.

Approach:

Extension of ”Batch Distillation Library1 to enable simulation for
rigorous simulation of complex batch systems
Object-oriented modeling capabilities of OpenModelica is lever-
aged to build models of batch processes.
Various functions to calculate properties such as enthalpy, vapor
pressure, viscosity and reaction kinetics are developed.
Thermodynamic Activity coeffient model(NRTL) is developed for
vapor-liquid equilibrium calculations.

1Nikhil Sharma, Kannan Moudgalya, and Sunil Shah. “Development of Modelica
Library for Batch Distillation”. In: Linköping University. 2021.
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Overview of Batch Process Module

Following operations have been modeled which are also capable of
handling multi-component systems:

Simple Batch Distillation

Rigorous Batch Distillation

Constand Molar Holdup
Constant Volume Hold up

Reactive Batch Distillation

Batch Reactor
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Simple Batch Distillation

Batch Distillation Library2:

Modelica library for Simple Batch Distillation

2Sharma, Moudgalya, and Shah, “Development of Modelica Library for Batch
Distillation”.
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Rigorous Batch Distillation Model: CMH & CVH
Condenser & Accumulator

CMH CVH

Accumulator Mass Balance:

dHa

dt
= D

Component Balance:

Ha
Xa,i

dt
= D(XD,i − Xa,i )

Condenser Hold Up:

Hc
dXD,i

dt
= V1(Y1,i − XD,i )

Accumulator Mass Balance:

dHa

dt
= D

Component Balance:

d(HaXa,i )

dt
= D(XD,i − Xa,i )

Condenser Hold Up:

d(HcXD,i )

dt
= V1(Y1,i − XD,i )
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Rigorous Batch Distillation Model: CMH & CVH
Condenser & Accumulator

CMH CVH

Energy Balance:

0 = V2(h
V
1 − hLc )− Qc

Related Equations:

LR = R ∗ V1

D = V1 ∗ (1− R)

Energy Balance:

d(Hch
L
c )

dt
= V2(h

V
1 − hLc )− Qc

Related Equations:

LR = R ∗ V1

D = V1 ∗ (1− R)

Hc = Vc ∗ ρc
ρc = ρc(XD ,Tc ,P)
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Rigorous Batch Distillation Model: CMH & CVH
Trays

CMH CVH
Total Mass Balance:

0 = Lj−1 + Vj+1 − Lj − Vj

Component Balance:

Hj
dXj,i

dt = Lj−1Xj−1,i +
Vj+1,iYj+1,i − LjXj,i −Vj,iYj,i

Energy Balance:

0 = Lj−1 ∗ hLj−1 + Vj+1 ∗
hVj+1 − Lj ∗ hLj − Vj ∗ hVj

Total Mass Balance:

dHj

dt = Lj−1 + Vj+1 − Lj − Vj

Component Balance:

d(Hj∗Xj,i )
dt = Lj−1Xj−1,i +

Vj+1,i ∗Yj+1,i −LjXj,i −Vj,i ∗Yj,i

Energy Balance:

d(Hj∗hLj )
dt = Lj−1 ∗ hLj−1 +

Vj+1 ∗ hVj+1 − Lj ∗ hLj − Vj ∗ hVj
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Rigorous Batch Distillation Model: CMH & CVH
Reboiler

CMH CVH
Overall Balance:

dHB

dt = LN − VB

Component Balance:

HB
dXB,i

dt = LN(XN,i −
XB,i )− VB(YB,i − XB,i )

Energy Balance:

0 = LN ∗ hLN − VBh
V
B + QR

Overall Balance:

dHB

dt = LN − VB

Component Balance:

d(HBXB,i )
dt = LN(XN,i −

XB,i )− VB(YB,i − XB,i )

Energy Balance:

d(HB∗hLB )
dt = LN ∗ hLN −

VBh
V
B + QR

Equilibrium: Constraint:
Yj,i = Kj,iXj,i

∑
Yj,i = 1
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Rigorous Batch Distillation: Example

No of Stages 8
Tray Hold Up,m3 2.24

Condenser Hold Up,m3 22.4
Pressure,Pa 101325

Mujtaba, Iqbal M. Batch distillation: Design and operation. Vol. 3. World Scientific Publishing Company, 2004.
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Rigorous Batch Distillation: Results

Figure: Comparison Steps 1 & 2
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Rigorous Batch Distillation: Results

Figure: Comparison Steps 3,4,& 5
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Reactive Batch Distillation: Introduction

Characteristic: Integration of reaction and distillation opera-
tion.

Advantage: Shifting of Equilibrium

Economic Benefit: Saving in equipment cost and reduction of
heat load

Applications: esterification, etherificatioon, nitration, transes-
terification, polycondensation, halogenation etc.
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Reactive Batch Distillation: Mathematical Model

Condenser and Accumulator

Accumulator Total Mass Balance:

dHa

dt
= D;

Component Balance:

Ha ∗ Xa,i

dt
= D ∗ (XD,i − Xa,i )

Condenser Hold Up:

d(Hc ∗ XD,i )

dt
= V1(Y1,i − LcXD,i + r1,iHc)

Energy Balance:

Hch
L
c

dt
= V2h

V
1 − Lch

L
c − Qc
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Reactive Batch Distillation: Mathematical Model

Internal Plates: j = 1:NTrays

Total Mass Balance:

dHj

dt
= Lj−1 + Vj+1 − Lj − Vj +∆njHj

Component Balance:

d(Hj ∗ Xj,i )

dt
= Lj−1Xj−1,i + Vj+1,i ∗ Yj+1,i − LjXj,i − Vj,i ∗ Yj,i + rj,iHj

Energy Balance:

d(Hj ∗ hLj )
dt

= Lj−1 ∗ hLj−1 + Vj+1 ∗ hVj+1 − Lj ∗ hLj − Vj ∗ hVj
Equilibrium: Constraint:

Yj,i = Kj,iXj,i

∑
Yj,i = 1
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Reactive Batch Distillation: Mathematical Model

Reboiler

Overall Balance:

dHB

dt
= LN − VB +∆nBHB

Component Balance:

d(HBXB,i

dt
= LN(XN,i − X − B, i)− VB(YB,i − XB,i ) + rBHB

Energy Balance:

d(HB ∗ hLB)
dt

= LN ∗ hLN − VBh
V
B + QR

Equilibrium: Constraint:

Yj,i = Kj,iXj,i

∑
Yj,i = 1
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Reactive Batch Distillation: Example
Acetic Acid + Ethanol ⇌ Ethyl Acetate + Water

Mujtaba, Iqbal M. Batch distillation: Design
and operation. Vol. 3. World Scientific Publishing
Company, 2004.

VLE:

K1 = 2.25 ∗ 10−2T − 7.812,T > 347.6K

K1 = 0.001T <= 347.6

log(K2) = −2.3 ∗ 103/T + 6.588

log(K3) = −2.3 ∗ 103/T + 6.742

log(K4) = −2.3 ∗ 103/T + 6.484

Kinetics:

r = k1C1C2 − k2C3C4

k1 = 43.76 ∗ 10−4

k2 = 1.63 ∗ 10−4
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Reactive Batch Distillation: Results

Distillate Profile
Mujtaba, Iqbal M. Batch distillation: Design and
operation. Vol. 3. World Scientific Publishing Company,
2004.

Distillate Profile using Open-
Modelica
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Batch Reactor
A generalized chemical reaction for batch reactor:

aA+ bB → cC + dD

Reaction Rate:

r = kCACB

k = k0e
−Ea/RT

Overall Mass Balance:

dV

dt
= 0

Component Balance

V
dCA

dt
= −VakCACB

Energy Balance

dT

dt
=

−∆HrkCACB

ρCp
− QM

V ρCp
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Batch Reactor Example
Hydrolysis of Acetic Anhydride in Aqueous Solution

Diagram view of Batch reactor
in OpenModelica

Reaction Involved:
(CH3CO)2O +H2O→ 2CH3COOH

Input Parameters
k0,Frequency Factor 153891.6
Ea, Activation Energy 44355.19

Total Inlet Flow 10000 mol/s
Temperature 308 K
Pressure 101325 Pa

Inlet Mole Fractions 0.08,0.92,0
Volume 4.25 m3
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Batch Reactor: Results

Conversion of Acetic Anhydride Composition profile
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Conclusions Future Work

1 Progress has been for the development of general purpose
simulator for Batch Processes with rigorous calculations.

2 This will help small-sized industry to use technology and
important for academia to train students and make them
industry ready.

3 Results of rigorous unit operations are validated against that
available in the literature.

4 Library will enable solving flowsheets of batch processes. A
large no of flowsheets to be outsourced from chemical
engineering students
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Thank You...
Email nikhilsharma1207@gmail.com
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Appendix: Comparison of Software Packages

Features CHEMCAD BATCHFRAC MultiBatchBS

Databank CHEMCAD ASPEN PLUS CRANIUM

Operations
Constant Reflux Yes Yes Yes
Variable Reflux No Yes Yes
Optimal Reflux No No Yes
Fixed Equation No Yes Yes

Models
Shortcut No No Yes
SemiRigorous Yes No Yes
Reduced Order No No Yes
Rigorous Yes Yes Yes

Reference: Diwekar, Urmila. Batch distillation: simulation, optimal design, and control. CRC press, 2011.
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Appendix: Comparison of Software Packages Contd...

Features CHEMCAD BATCHFRAC MultiBatchBS

Configurations
Rectifier Yes Yes Yes
Semi-Batch No Yes Yes
Recycle Waste Cut No Yes Yes
Stripper No No Yes
Middle Vessel No No Yes

Options
Design Feasibility No No Yes
Optimzation No Yes Yes
Reactive Distillation No Yes Yes
3 Phase Distillation Yes Yes Yes
Uncertainity Analysis No No Yes

Reference: Diwekar, Urmila. Batch distillation: simulation, optimal design, and control. CRC press, 2011.
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