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2/20

Why 
modeling

?

simulation rather 
than experiment 

understanding the 
system

[redict the 
behaviour

economic way 
of measurement
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summary
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introduction to Python
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Guido van Rossum

one of the fastest growing 
programming languages in terms of

• No. of developers
• No. of libraries
• No. of areas 
• No. of companies



Why Python?

Python 
features

easy to 
learn

free and 
open 

source

large 
standard 

library

large 
community

general 
purpose 
language

cross-
platform

interpreted
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Python vs. Fortran and Matlab
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Python Fortran Matlab

free?

open source?

interpreted?

all in one?

support from company?

easy import/export data?

easy data visualization?



overview
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introduction to Python

How to work with Python?

Python for numerical programming

EUROKIN parameter estimation-case 1

complex system

summary

IDE

code structure

help



IDEs for Python

10



IDEs for Python

11



IDEs for Python
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Code in Python
download all the libraries 
and install them (only once)

import the appropriate 
libraries 

no need to specify the type 
of variables

call the functions from 
libraries and write your code
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#Import the numpy package. np is 
#the abbreviation for numpy.
import numpy as np
#Creating a matrix
M=np.array([[1,2,3],[4,5,6]])

print(M)

[[1,2,3]
[4,5,6]]

https://numpy.org/doc/stable/reference/generated/numpy.array.html


help function
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help function
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input/output of function

default settings

methods



help function
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input/output of function

default settings

methods

example
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introduction to Python

How to work with Python?

Python for numerical programming

EUROKIN parameter estimation-case 1

complex system

summary

useful libraries



Python for numerical programming
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Python

basic data structure

arrays and matrices

basic mathematical functions
Numpy



Python for numerical programming
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Python

Numpy

Scipy

integration

optimization

statistical calculation



Matplotlib

Python for numerical programming
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Python

Numpy

Scipy
Data visualization



Pandas

Matplotlib

Python for numerical programming
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Python

Numpy

Scipy

Data structure

Import/export data



overview
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introduction to Python

How to work with Python?

Python for numerical programming

EUROKIN parameter estimation-case 1

Complex system

Summary
problem statement  

Solution procedure for different scenarios:

Isothermal batch reactor data

Non-isothermally assessment of batch reactor data

CSTR and batch reactor data



problem statement
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A B r2
C

D

r3
r1̀

reaction?

reactors?

temperature? 310 K 330 K 360 K

part 1 part 2 part 3

batch reactor?

CSTR?

isothermal 
data?

non-isothermal 
data?



part1: batch reactor + isothermal data
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𝑑𝑑𝑑𝑑𝐶𝐶
𝑑𝑑𝑑𝑑 =

𝑘𝑘2𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵
1 + 𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 + 𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵

𝑑𝑑𝑑𝑑𝐴𝐴
𝑑𝑑𝑑𝑑 =

−𝑘𝑘1𝐾𝐾𝐴𝐴 𝑑𝑑𝐴𝐴 −
𝑑𝑑𝐵𝐵
𝐾𝐾𝑒𝑒𝑒𝑒1

− 𝑘𝑘3𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴

1 + 𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 + 𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵

𝑑𝑑𝑑𝑑𝐷𝐷
𝑑𝑑𝑑𝑑 =

𝑘𝑘3𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴
1 + 𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 + 𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵

𝑑𝑑𝐵𝐵 = 𝑑𝑑𝐴𝐴0 − 𝑑𝑑𝐴𝐴 − 𝑑𝑑𝐶𝐶 − 𝑑𝑑𝐷𝐷

0.00

0.20

0.40

0.60

0.80

1.00

0 100 200 300 400 500

C
on

c.
 (m

ol
/li

t)

Tim (s)

T=330 K, Ca0= 1.1 mol/lit

Ca Cb Cc Cd

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0 100 200 300 400 500

C
on

c.
 (m

ol
/li

t)

Time (s)

T=330 K, Ca0= 0.65 mol/lit

Ca Cb Cc Cd

conc. At T=330 K

weighted regression

k1,, k2, k3

A B r2
C

D

r3
r1̀



part1: batch reactor + isothermal data (code)
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import packages



part1: batch reactor + isothermal data (code)
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import packages

import data 



part1: batch reactor + isothermal data (code)

27

import packages

import data 

curve fitting

curve fit function model function
initial value

solve ODE, return C



part1: batch reactor + isothermal data (code)
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import packages

import data 

curve fitting

curve fit function model function
initial value

solve ODE, return C



part1: batch reactor + isothermal data (procedure)
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import packages

import data 

curve fitting

statistical assessment

f test



part1: batch reactor + isothermal data (procedure)
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import packages

import data 

curve fitting

statistical assessment

f test

t test

independency 
test



part1: batch reactor + isothermal data (procedure)
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import packages

import data 

curve fitting

statistical assessment

f test

t test

independency 
test

parity diagram

residual 
diagram



part1: batch reactor + isothermal data (procedure)
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import packages

import data 

curve fitting

statistical assessment

f test

t test

independency 
test

parity diagram

residual 
diagram

normal 
probability plot



part1: batch reactor + isothermal data (procedure)
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import packages

import data 

curve fitting

statistical assessment

plot figures



part1: batch reactor + isothermal data (result)
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outputs

k values k1=0.01016 k2=0.00195 k3=1.49*10-5

F test 2.1*104 > 2.72

T test 91 > 2 50 > 2 50 > 2

Independent 
parameters?

parity diagram

parameter/diagram



part1: batch reactor + isothermal data (result)
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part1: batch reactor + isothermal data (result)
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outputs

k values k1=0.01016 k2=0.00195 k3=1.49*10-5

F test 2.1*104 > 2.72

T test 91 > 2 50 > 2 50 > 2

Independent 
parameters?

parity diagram

residual diagram

parameter/diagram



part1: batch reactor + isothermal data (result)
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part1: batch reactor + isothermal data (result)
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outputs

k values k1=0.01016 k2=0.00195 k3=1.49*10-5

F test 2.1*104 > 2.72

T test 91 > 2 50 > 2 50 > 2

Independent 
parameters?

parity diagram

residual diagram

Normal probablity 
diagram

parameter/diagram



part1: batch reactor + isothermal data (result)
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part1: batch reactor + isothermal data (result)
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outputs

k values k1=0.01016 k2=0.00195 k3=1.49*10-5

F test 2.1*104 > 2.72

T test 91 > 2 50 > 2 50 > 2

Independent 
parameters?

parity diagram

residual diagram

Normal probablity 
diagram

conc. vs. time

parameter/diagram



part1: batch reactor + isothermal data (result)
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outputs

k values k1=0.01016 k2=0.00195 k3=1.49*10-5

F test 2.1*104 > 2.72

T test 91 > 2 50 > 2 50 > 2

Independent 
parameters?

parity diagram

residual diagram

Normal probablity 
diagram

conc. vs. time

parameter/diagram



part2: batch reactor + nonisothermal data
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𝑑𝑑𝑑𝑑𝐶𝐶
𝑑𝑑𝑑𝑑 =

𝑘𝑘2𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵
1 + 𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 + 𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵

𝑑𝑑𝑑𝑑𝐴𝐴
𝑑𝑑𝑑𝑑 =

−𝑘𝑘1𝐾𝐾𝐴𝐴 𝑑𝑑𝐴𝐴 −
𝑑𝑑𝐵𝐵
𝐾𝐾𝑒𝑒𝑒𝑒1

− 𝑘𝑘3𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴

1 + 𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 + 𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵

𝑑𝑑𝑑𝑑𝐷𝐷
𝑑𝑑𝑑𝑑 =

𝑘𝑘3𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴
1 + 𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 + 𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵

𝑑𝑑𝐵𝐵 = 𝑑𝑑𝐴𝐴0 − 𝑑𝑑𝐴𝐴 − 𝑑𝑑𝐶𝐶 − 𝑑𝑑𝐷𝐷

conc. at T=310, 330, 
and 360 K

weighted regression

k1
0
,, k2

0, k3
0, E1, E2, 

E3

𝐾𝐾𝑖𝑖 = 𝑘𝑘𝑖𝑖0𝑒𝑒𝑒𝑒𝑒𝑒
−𝐸𝐸𝑖𝑖
𝑅𝑅𝑅𝑅 𝑘𝑘𝑖𝑖 = 𝑘𝑘𝑎𝑎𝑎𝑎𝑎𝑎𝑒𝑒𝑒𝑒𝑒𝑒

−𝐸𝐸𝑖𝑖
𝑅𝑅

1
𝑅𝑅 −

1
𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎

A B r2
C

D

r3
r1̀



part2: batch reactor + nonisothermal data (code)
import packages

import data 

curve fitting (k at 310 & 360 K)

statistical tests

Arrhenius plot (initial guess)
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part2: batch reactor + nonisothermal data (code)
import packages

import data 

curve fitting (k at 310 & 360 K)

statistical tests

Arrhenius plot (initial guess)

curve fitting (ki
0s and Ei) 

correlation coefficient matrix
k1

0 K2
0 K3

0 E1 E2 E3

k1
0 1.000 -0.416 0.396 0.999 -0.414 0.386

K2
0 -0.416 1.000 -0.114 -0.429 0.999 -0.115

K3
0 0.396 -0.114 1.000 0.392 -0.112 0.999

E1 0.999 -0.429 0.392 1.000 -0.427 0.383
E2 -0.414 0.999 -0.112 -0.427 1.000 -0.114
E3 0.386 -0.115 0.999 0.383 -0.114 1.000
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part2: batch reactor + nonisothermal data (code)
import packages

import data 

curve fitting (k at 310 & 360 K)

statistical tests

Arrhenius plot (initial guess)

curve fitting (ki
0s and Ei) 

correlation coefficient matrix
k1

0 K2
0 K3

0 E1 E2 E3

k1
0 1.000 -0.416 0.396 0.999 -0.414 0.386

K2
0 -0.416 1.000 -0.114 -0.429 0.999 -0.115

K3
0 0.396 -0.114 1.000 0.392 -0.112 0.999

E1 0.999 -0.429 0.392 1.000 -0.427 0.383
E2 -0.414 0.999 -0.112 -0.427 1.000 -0.114
E3 0.386 -0.115 0.999 0.383 -0.114 1.000

High correlation 
between ki

0 and Ei

correlation coefficient matrix
k1

0 K2
0 K3

0 E1 E2 E3

k1
0 1.000 -0.356 0.408 0.401 0.135 0.239

K2
0 -0.356 1.000 -0.099 0.225 -0.609 0.045

K3
0 0.408 -0.099 1.000 0.263 0.007 0.200

E1 0.401 0.225 0.263 1.000 -0.427 0.377

E2 0.135 -0.609 0.007 -0.427 1.000 -0.120

E3 0.239 0.045 0.200 0.377 -0.120 1.000

Reparametrization

𝑘𝑘𝑖𝑖 = 𝑘𝑘𝑎𝑎𝑎𝑎𝑎𝑎𝑒𝑒𝑒𝑒𝑒𝑒
−𝐸𝐸𝑖𝑖
𝑅𝑅

1
𝑅𝑅 −

1
𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎
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part2: batch reactor + nonisothermal data (code)
import packages

import data 

curve fitting (k at 310 & 360 K)

statistical tests

Arrhenius plot (initial guess)

curve fitting (ki
0s and Ei) 

statistical tests 
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part2: batch reactor + nonisothermal data (code)
import packages

import data 

curve fitting (k at 310 & 360 K)

statistical tests

Arrhenius plot (initial guess)

curve fitting (ki
0s and Ei) 

statistical tests 

plot figures
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part3: CSTR isothermal data+ all data
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Conc. At T=330K 
(CSTR)

Weighted regression

k1, k2, k3

𝑑𝑑𝐴𝐴 = 𝑑𝑑𝐴𝐴0
−𝑘𝑘1𝐾𝐾𝐴𝐴 𝑑𝑑𝐴𝐴 −

𝑑𝑑𝐵𝐵
𝐾𝐾𝑒𝑒𝑒𝑒1

− 𝑘𝑘3𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 𝜏𝜏

1 + 𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 + 𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵

𝑑𝑑𝐶𝐶 =
𝑘𝑘2𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵 𝜏𝜏

1 + 𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 + 𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵

𝑑𝑑𝐷𝐷 =
𝑘𝑘3𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 𝜏𝜏

1 + 𝐾𝐾𝐴𝐴𝑑𝑑𝐴𝐴 + 𝐾𝐾𝐵𝐵𝑑𝑑𝐵𝐵

𝑑𝑑𝐵𝐵 = 𝑑𝑑𝐴𝐴0 − 𝑑𝑑𝐴𝐴 − 𝑑𝑑𝐶𝐶 − 𝑑𝑑𝐷𝐷

All batch and CSTR 
data

Weighted regression

k1
0
,, k2

0, k3
0, E1, E2, 

E3

A B r2
C

D

r3
r1̀



part3: CSTR isothermal data+ all data (code)
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import packages

import data 

curve fitting (CSTR, k at 330 K)

Systems of algebraic 
equations



part3: CSTR isothermal data+ all data (code)
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import packages

import data 

curve fitting (CSTR, k at 330 K)

statistical tests



part3: CSTR isothermal data+ all data (code)
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import packages

import data 

curve fitting (CSTR, k at 330 K)

statistical tests

curve fitting (all data) 

Systems of algebraic 
equations

ODE + Algebraic 
equations



part3: CSTR isothermal data+ all data (code)
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import packages

import data 

curve fitting (CSTR, k at 330 K)

statistical tests

curve fitting (all data) 

statistical tests 

plot figures



overview
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introduction to Python

How to work with Python?

Python for numerical programming

EUROKIN parameter estimation-case 1

complex system

summary



complex system
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mass transport equations

heat transport equations

momentum transfer equations

reaction



overview
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introduction to Python

How to work with Python?

Python for numerical programming

EUROKIN parameter estimation-case 1

complex system

summary



summary
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advantages

operating system

help

solution to equations

open 
sourcefree beginner-

friendly
easy to import 

export, & visualize

Windows Linux MacOS

inside the software and 
onlinepowerful

AE ODE PDE

optimization available in Scipy package

statistical calculation available in Scipy package

Scipy.optimize

Scipy.stats
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