Département de Génie de I’Environnement

REPUBLIQUE ALGERIENNE DEMOCRATIQUE ET POPULAIRE
MINISTERE DE L’ENSEIGNEMENT SUPERIEUR ET DE LA RECHERCHE
SCIENTIFIQUE

Jhﬁ—‘nd_HF'dé
Salah Boubnider

UNIVERSITE SALAH BOUBNIDER, CONSTANTINE 03
FACULTE DE GENIE DES PROCEDES
DEPARTEMENT DE GENIE DE L’ENVIRONNEMENT

Mémoire
PRESENTE POUR L’OBTENTION DU DIPLOME DE MASTER

EN GENIE DES PROCEDES

OPTION : GENIE DES PROCEDES DE L’ENVIRONNEMENT

s 3

KINETIC PARAMETERS OPTIMIZATION FOR SOLUBLE
MOCROBIAL PRODUCTS (SMP) /EXTRACELLULAR
POLYMERIC SUBSTANCES (EPS) IN MBR SYSTEM

\ J
Présenté par : Dirigé par :
-Boudjatat Zineb Dr. Benaliouche Hana
-Boudiaf Oussama Grade : MCB
-Boudjelal Mouad

Année universitaire
2024-2025
Session : Juin




Summary

Thanks

Dedicate

Summary

List of figures

List of tables

List of abbreviations

General INErOAUCTION. ... ...eneeeeeeee et e et e e e e e e e e e e e e e e e e enaeneensenrenrenrennens 1

Chapter 1: Bibliographic review

1.1 Soluble microbial products SMP ..o 5
L1.I.1 Definition Of SMP ....c.coiiiiiiii e e 5
1.1.2  Classification systems of SMP..........c.ccciiiiiiiiii 5
1.1.3  CharacteristicsS Of SMP .......cooiiiiii e 5
1.1.4  Role of SMP in biological treatment SyStems ...........ccccerieriniriiiiciiniiiee e 6
1.1.5  Factors influencing SMP formation ...........ccocevvvriiiiiiiniiciiiec e 6
1.1.6  Mechanisms of Production and Utilization of SMP............cccceiiiiiiiniiiiiiiee, 7

1.2 Extracellular polymeric substances EPS ..........ccccoooiiiiiiis 8
1.2.1  Definition 0f EPS ....oooii e 8
1.2.2  Characteristics Of EPS ........coiiiiii e 9
1.2.3  ROICOFEPS .t 10
1.2.4  Mechanisms of Production and Utilization of EPS............ccccoiiiiiiii 10

1.3 ASM1 Modeling with Soluble Microbial Products (SMP) and Extracellular

Polymeric Substances (EPS) ........oouiiiiiii e 12

1.4 SenSitivVILy @NalYSIS ...c.eeiiiiiiieiiiiiie e 13
1.4.1 DEfINIION 1.t 13
1.42  Methods of Sensitivity ANALYSIS......cccviiirieriiiiieiiieee e 13
1.43  Importance of Sensitivity ANALYSIS ......cccerviiiiiiiiniienc e 15
1.4.4  Problems with Sensitivity ANalySiS........cccooviiiiriiiiierii e 16

1.5 Uncertainty analySiS ......ceeceerrririerreeieesei e 16


file:///C:/Users/LAPTOP%20SPIRIT/OneDrive/Bureau/memoire%202025%20zeynub.docx%23_Toc203165891
file:///C:/Users/LAPTOP%20SPIRIT/OneDrive/Bureau/memoire%202025%20zeynub.docx%23_Toc203165892

1.5.1 ) D ISR 0T8T ) o N 16

1.5.2  Types of Uncertainty Analysis .......cccoceiimiiiiiiiiniiiiciieiseesese e 16
1.5.3  Importance of Uncertainty ANalysiS.........cccuvveriiiriiieniniiiieieseseesesee e 19
1.54  Problems with Uncertainty Analysis........cccooverieiiiiininiinieiiceseesesee e 20

Chapter 2: materials and methods

2.1 SOftWare deSCIIPIION ...ciuvviiiiie ittt e e eennes 22
2.2 MOAE] SHUCEUTE: ...ttt ettt ettt e st be et e e be e s b e e nneeanbeesnee s 23
2.3 SenSItIVILY aNALYSIS .oveeiriiiiiiiiiii e 26

Chapter 3: Results and discussions

3.1 INEFOAUCTION ..ottt et b e et e e b e e e sn e e nrn e e nbeesnneenne e 28
3.2 Hypothesis of ASM1-SMP/EPS matrix function ..........ccocovvvvviiiiiiiniiciinicieee 29
3.3 Implementation of ASMI-SMP-EPS MatriX ........cccceviiiiiiiiiiiienie e 31
3.4  Results of Implementation of ASM1-SMP-EPS matriX ........cccocevivrniininiiiieniennene 32
34.1 Operational CONAILIONS .......cccviiiiiiiiiiieie e 32
342 Simulation reSUILS.......cvieiiiiiieiic e 32

3.5 Sensitivity @NalYSIS ...cciiiiiiiiiiiiii i 35
3.5.1  Partial least square analysis PLS..........cccoooiiiiiiiii e 35

3.6 UNCErtainty @nalySIS ..ccveveieeiieiieriieiisie et 43
3.6.1  Default values of the system ASMI-SMP.........ccccoiiiiiiiin e 43
3.6.2  Calibration of the system ASM1-SMP/EPS........cccoooiiiiiie 51
General conclusion........ ... .o 66
References. .. ... 67

A DS ACT . . oo 73


file:///C:/Users/LAPTOP%20SPIRIT/OneDrive/Bureau/memoire%202025%20zeynub.docx%23_Toc203165892
file:///C:/Users/LAPTOP%20SPIRIT/OneDrive/Bureau/memoire%202025%20zeynub.docx%23_Toc203165892

Abstract

This study focuses on optimizing the kinetic parameters related to soluble microbial
products (SMP) and extracellular polymeric substances (EPS) in membrane bioreactor (MBR)
systems using an extended Activated Sludge Model (ASM1). The standard ASM1 was
enhanced to include additional processes and state variables representing SMP and EPS
formation, particularly utilization-associated products (UAP), biomass-associated products
(BAP), and EPS fractions. The extended models ASM1-SMP-EPS, were implemented and
calibrated using the AQUASIM software.

A two-phase sensitivity and uncertainty analysis was conducted to identify key kinetic
and stoichiometric parameters affecting microbial dynamics and substrate transformation. The
calibration results demonstrated improved model stability and reduced prediction uncertainty
under refined parameter conditions. The extended models offer enhanced accuracy in
simulating microbial behavior and effluent quality, with direct implications for reducing
membrane fouling and optimizing MBR operations. This research provides a robust modeling

framework to support decision-making in advanced wastewater treatment.
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