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CHAPTER 4 – MODEL IMPLEMENTATION 
 

4.1 Model Parameters 

 

The constant parameters for the model are listed in table 4.1 

 

Parameter Symbol Value Unit Reference 

Logmetric value of Arrhenius frequency factor 

of Glucose 

lnµG0 35.77 lnh-1  Ramirez and 

Maciejowski (24) 

Logmetric value of Arrhenius frequency factor 

of Maltose 

lnµM0 16.4 lnh-1 Ramirez and 

Maciejowski (24) 
Logmetric value of Arrhenius frequency factor 

of Maltotriose 

lnµN0 10.59 lnh-1 Ramirez and 

Maciejowski (24) 

Arrhenius activation energy for maximum 

velocity of Glucose 

EµG 22.6 kcal/gmol Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for maximum 

velocity of Maltose 

EµM 11.3 kcal/gmol Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for maximum 

velocity of Maltotriose 

EµN 7.16 kcal/gmol Ramirez and 

Maciejowski (24) 
Logmetric value of Arrhenius frequency factor 

for Michaelis constant of Glucose 

lnKG0 -121.3 ln gmol/m3 Ramirez and 

Maciejowski (24) 
Logmetric value of Arrhenius frequency factor 

for Michaelis constant of Maltose 

lnKM0 -19.5 ln gmol/m3 Ramirez and 

Maciejowski (24) 
Logmetric value of Arrhenius frequency factor 

for Michaelis constant of Maltotriose 

lnKN0 -26.78 ln gmol/m3 Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for Michaelis 

constant for Glucose 

EKG -68.6 kcal/gmol Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for Michaelis 

constant for Maltose 

EKM -14.4 kcal/gmol Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for Michaelis 

constant for Maltotriose 

EKN -19.9 kcal/gmol Ramirez and 

Maciejowski (24) 
Logmetric value of Arrhenius frequency factor 

for inhibition constant of Glucose 

lnKdashG0 23.33 ln gmol/m3 Ramirez and 

Maciejowski (24) 
Logmetric value of Arrhenius frequency factor 

for inhibition constant of Maltose 

lnKdashM0 55.61 ln gmol/m3 Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for inhibition 

constant of Glucose 

EdashKG 10.2 kcal/gmol Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for inhibition 

constant of Maltose 

EdashKM 26.3 kcal/gmol Ramirez and 

Maciejowski (24) 

Table 4.1: Model parameters 
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Yield coefficient , biomass moles per Glucose 

mole 

YXG 0.134  Ramirez and 

Maciejowski (24) 
Yield coefficient , biomass moles per Maltose 

mole 

YXM 0.268  Ramirez and 

Maciejowski (24) 
Yield coefficient , biomass moles per 

Maltotriose mole 

YXN 0.402  Ramirez and 

Maciejowski (24) 
Yield coefficient , ethanol moles per Glucose 

mole 

YEG 1.92  Gee and  Ramirez (18) 

Yield coefficient , ethanol moles per Maltose 

mole 

YEM 3.84  Gee and  Ramirez (18) 

Yield coefficient , ethanol moles per 

Maltotriose mole 

YEN 5.76  Gee and  Ramirez (18) 

Overall heat of fermentation for Glucose ΔHFG -91.2 kJ/gmol Ramirez and 

Maciejowski (24) 
Overall heat of fermentation for Maltose ΔHFM -226.3 kJ/gmol Ramirez and 

Maciejowski (24) 
Overall heat of fermentation for Maltotriose ΔHFN -361.3 kJ/gmol Ramirez and 

Maciejowski (24) 
Yield coefficient , moles Leucine needed per 

mol biomass growth 

YLX 0.0832  Ramirez and 

Maciejowski (24) 
Yield coefficient , moles Isoleucine needed 

per mol biomass growth 

YIX 0.0363  Ramirez and 

Maciejowski (24) 
Yield coefficient , moles Valine needed per 

mol biomass growth 

YVX 0.0273  Ramirez and 

Maciejowski (24) 
Michaelis constant for Isoleucine KI 0.365 gmol/m3 Ramirez and 

Maciejowski (24) 
Arrhenius frequency factor for Michaelis 

constant of Leucine 

ln KL0 10.14 ln gmol/m3 Ramirez and 

Maciejowski (24) 
Arrhenius frequency factor for Michaelis 

constant of Valine 

ln KV0 328 ln gmol/m3 Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for Michaelis 

constant of Leucine 

EKL 5.95 kcal/gmol Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for Michaelis 

constant of Valine  

EKV 211.9 kcal/gmol Ramirez and 

Maciejowski (24) 
First order time constant for delay τd 23.54 h Ramirez and 

Maciejowski (24) 
Isobutyl alcohol yield YIB 0.203  Ramirez and 

Maciejowski (24) 
Isoamyl alcohol yield YIA 0.557  Ramirez and 

Maciejowski (24) 
2-methyl-1-butanol yield YMB 0.472  Ramirez and 

Maciejowski (24) 
n-propanol yield YP 0.235  Ramirez and 

Maciejowski (24) 
Ethyl acetate yield YEA 0.000992  Ramirez and 

Maciejowski (24) 
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Ethyl caproate yield YEC 0.000118  Ramirez and 

Maciejowski (24) 
Isoamyl acetate yield YIAc 0.0269  Ramirez and 

Maciejowski (24) 
Yield coefficient, moles Vicinal diketones 

formed per mole biomass growth 

YVDK 0.000105  Ramirez and 

Maciejowski (24) 
Yield coefficient, moles Acetaldehyde formed 

per mole biomass growth 

YAAL 0.01  Ramirez and 

Maciejowski (24) 
Arrhenius frequency factor for Michaelis 

constant of Vicinal diketones 

ln KVDK0 86.8 ln m3/h gmol  Ramirez and 

Maciejowski (24) 
Arrhenius frequency factor for Michaelis 

constant of Acetaldehyde 

ln KAAL0 10.4 ln m3/h gmol Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for Michaelis 

constant of Vicinal diketones 

EKVDK 54.3 kcal/gmol Ramirez and 

Maciejowski (24) 
Arrhenius activation energy for Michaelis 

constant of Acetaldehyde 

EKAAL 11.1 kcal/gmol Ramirez and 

Maciejowski (24) 
Yeast growth inhibition constant Kx 365000 gmol/m3 Gee  and   

Ramirez (18) 

Universal gas constant R 1.987 cal/gmol K Gee  and   

Ramirez (23) 

Mixture density ρ 1040 kg/m3 Gee  and  

 Ramirez (23) 
Mixture heat capacity Cp 4.016 kJ/kg K Gee  and   

Ramirez (23) 
 

 

4.2 Algebraic Equations 

 

There are several algebraic equations for the specific growth rates and temperature 

dependency specific growth rates are used for the model other than the differential 

equations which are listed in table 4.2. 

 

Parameter Glucose (G) Maltose (M) Maltotriose (N) 

µ1 𝜇𝐺𝐺
𝐾𝐺 + 𝐺   

µ2  𝜇𝑀𝑀
𝐾𝑀 + 𝑀

𝐾𝐺′

𝐾𝐺′ + 𝐺  

Table 4.2: Algebraic equations are using in the model 
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µ3   𝜇𝑁𝑁
𝐾𝑁 + 𝑁

𝐾𝐺′

𝐾𝐺′ + 𝐺
𝐾𝑀′

𝐾𝑀′ + 𝑀 

µG 𝜇𝐺0𝑒𝑥𝑝 �−
𝐸𝜇𝐺
𝑅𝑇

� 
  

µM  
𝜇𝑀0𝑒𝑥𝑝 �−

𝐸𝜇𝑀
𝑅𝑇

� 
 

µN   
𝜇𝑁0𝑒𝑥𝑝 �−

𝐸𝜇𝑁
𝑅𝑇

� 

KG 𝐾𝐺0𝑒𝑥𝑝 �−
𝐸𝐾𝐺
𝑅𝑇

�   

KM  𝐾𝑀0𝑒𝑥𝑝 �−
𝐸𝐾𝑀
𝑅𝑇

�  

KN   𝐾𝑁0𝑒𝑥𝑝 �−
𝐸𝐾𝑁
𝑅𝑇

� 

𝐾′𝐺 
𝐾′𝐺0𝑒𝑥𝑝�−

𝐸′𝐾𝐺
𝑅𝑇 � 

  

𝐾′𝑀  
𝐾′𝑀0𝑒𝑥𝑝 �−

𝐸′𝐾𝑀
𝑅𝑇 � 

 

 

4.3 Model Inputs 

 

The inputs for the model are initial concentrations of glucose, maltose, maltotriose, 

yeast, leucine, isoleucine, and valine. The graphical interpretation as follows, 

 

 

 Figure 4.1: Model inputs 
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The values of initial concentrations of three sugars and yeast are listed in table 4.3 

 

Description Symbol Value Unit Reference 

Initial concentration of glucose G0 70 mol/m3 Gee and  

Ramirez(23) 

Initial concentration of maltose M0 220 mol/m3 Gee and  

Ramirez(23) 

Initial concentration of maltotriose N0 40 mol/m3 Gee and  

Ramirez(23) 

Initial concentration of yeast X0 125 mol/m3 Gee and  

Ramirez(23) 

 

The initial concentrations of three amino acids leucine, isoleucine and valine are 

taken from by referring figure 4.2. 

 

 

 

 

Table 4.3: Initial concentrations of sugars and yeast for the model 

Figure 4.2: Initial concentrations of amino acids 

 

 

Source: A Flavor Model for Beer Fermentation (18) 
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Initial concentrations of three amino acids are listed in table 4.4. 

 

Description Symbol Value Unit Reference 

Initial concentration of leucine L0 1.3 mol/m3 Gee and  

Ramirez(18) 

Initial concentration of isoleucine I0 0.6 mol/m3 Gee and  

Ramirez(18) 

Initial concentration of valine V0 2.1 mol/m3 Gee and  

Ramirez(18) 

 

 

4.4 States of the Model 

 

States of the model are listed in table 4.5. 

 

Description Symbol Unit 

Glucose concentration G mol/m3 

Maltose concentration M mol/m3 

Maltotriose concentration N mol/m3 

Yeast concentration (biomass) X mol/m3 

Ethanol concentration E mol/m3 

Temperature  T 0C 

Leucine concentration L mol/m3 

Isoleucine concentration I mol/m3 

Valine concentration V mol/m3 

Isobutyl alcohol concentration IB mol/m3 

Isoamyl alcohol concentration IA mol/m3 

2-methyl-1-butanol concentration MB mol/m3 

n-propanol concentration P mol/m3 

Ethyl acetate concentration EA mol/m3 

Table 4.4: Initial concentrations of amino acids for the model 

Table 4.5: States of the model 
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Ethyl caproate concentration EC mol/m3 

Isoamyl acetate concentration IAc mol/m3 

Vicinal diketones concentration VDK mol/m3 

Acetaldehyde concentration AAL mol/m3 

 

4.5 Model Implementation 

 

Model Implementation and simulations are done with MATLAB version 10.1, 

Simulink version 3.5 and JModelica.org version 3.1. Simulations have been done 

under several temperature profiles based on literature and actual temperature profile 

has got from McCollum brewery, Sri Lanka. Simulation time is 250 hours. This is 

match with actual fermentation time in breweries. 

 

4.5.1 MATLAB 10.1 
 

The model contains three M files which are parameters.m, beer.m and 

beersct.m. The cods are attached with Appendix B. The brief descriptions of M 

files as follows. 

• parameters.m 

This file contains all the parameters which are relating to the growth, nutrient and 

flavor equations. 

• beer.m  

This file contains all the algebraic equations and differential equations. The 

parameters.m file has been called into this file. All the statuses are declared in 

this code. 
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• beersct.m 

This is the run file which can start the simulation. Initial parameters ODE solver 

which requires for the process are declared in this file. ode15s solver is used for 

solving deferential equations. Plotting commands are also included in this file. 

 

• temp_profile_1.m 

This files contains three different temperature profiles which are found in literature. 

• temp_profile_mcc.m 

This file contains temperature profile which is from McCollum brewery Sri Lanka. 

 

4.5.2 Simulink 
 

Same model is built with MATLAB/Simulink. The results are exactly same as 

MTLAB model. First the parameters.m file has to be run to load the parameters 

to the workspace. Odel15s solver is used for solving ODE’s in the model. Maximum 

step size is set to 0.05 and minimum step size is set to 0.005 to visualize the result 

clearly over time. The simulation time is 200 and 250 hours. 

The run file is Beermodel.mdl. Later this model is used to implement a 

temperature controller in Simulink which will be described in Chapter 5. The model 

and the subsystems are included in Appendix C. 

 

4.5.3 JModelica.org 
 

JModelica.org is an extensible Modelica-based open source platform for 

optimization, simulation and analysis of complex dynamic systems. The flavor 

http://www.modelica.org/
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model is implemented with Modelica and simulated with Python and JModelica 

compiler. 

JModelica is a powerful simulation and optimization software which is available in 

commercially free. That is the main motivation for develop the model in JModelica. 

The model contains two files which are Modelica file and Python script. The cords 

are attached in Appendix D 

 

• FermReact.mo 

This file contains all the parameters, states, initial values, algebraic equations and 

deferential equations. The model is written in Modelica. 

• FermReact.py 

This is Python script file for automating simulations according to the Madelia model. 

This is the run file and FermReact.mo is imported to the python script. In the python 

script, the simulation function has to be import from JModelica and pylab has to be 

declared as a heading file for plotting graphs. 

When running, the JModelica.org compiler generates C code and XML code. C code 

contains model equations and XML file contains model data such as variable names 

and parameter values. The JModelica.org compiler generates dll file and result object 

by solving differential equations in C file with help of python. Then extract data from 

result object and plot them with python. 

 

 

 

 

 


