
Michael Schon

Numerical Modelling of
Anaerobic Digestion Processes in

Agricultural Biogas Plants



TABLE OF CONTENTS

1 Introduction 1

1.1 Brief review on the long history of anaerobic digestion technologies 1

1.2 Scope and structure of the thesis 2

2 Literature review 4

2.1 Biogas utilisation and agricultural aspects 4

2.1.1 General issues 4

2.1.2 Configurations of biogas systems 5

2.2 Anaerobic digestion 8

2.2.1 Microbial aspects of the anaerobic process 8

2.2.2 Factors affecting anaerobic digestion 13

2.3 Anaerobic Digestion Model No.1 22

3 Materials and methods 26

3.1 Lab-scale biogas plant 26

3.1.1 Digesters 26

3.1.2 Gas meter 26

3.2 Bio4Gas demonstration plant }. 27

3.3 Mathematical modelling and simulation 31

3.3.1 Simulation software 31

3.3.2 Model calibration 32

4 Comparison of renewable energy sources in alpine regions (A) 35

5 Application of adm 1 for an improved four chamber scheme (B) 44

6 Farmscale co-fermentation of manure and organic waste (C) 54

7 Comparison of biogas plant start-up procedures (D) 64

8 Population dynamics at digester overload conditions (E) 74

9 Conclusions 88

9.1 Motivation for modelling biogas plants 88

9.2 Limitations of the applicability of ADM 1 89

9.2.1 Influent characterisation 89

9.2.2 pH 90

9.2.3 Impact of temperature dynamics 90

9.2.4 Fate of sulphur and phosphorus compounds 90

10 References 92



A Appendix A 97

A.1 ADM1 model matrix 97

A.2 Extended ADM1 model matrix 99

A.3 ADM1 processes 100

A.4 ADM1 parameters 101

A.5 ADM1 variables 103

B Appendix for paper (B) 104

B.1 Measured results 104

B.2 Model calibration 105

B.3 Simulation results 108

C Appendix for paper (C) 110

C.1 Measured results 110

C.2 Model calibration 111

C.3 Simulation results 115

D Appendix for paper (D) 117

D.1 Measured results 117

D.2 Model calibration 124

D.3 Simulation results 132

E Appendix for paper (E) 134

E.1 Measured results 134

E.2 Model calibration 135

E.3 Simulation results 138


