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Abstract—Anaerobic digestion model no. 1 (ADM1) model of 

international water association was applied to a lab-scale 

thermophilic anaerobic digestion process for the treatment of 

activated sludge wastes originating from a municipal wastewater 

treatment plant. The aim of the present study is to compare the 

results obtained from the simulation with the experimental values. 

The simulated results showed a good fit for cumulative produced 

methane gas volume and the concentration profile of total volatile 

fatty acids (VFAs). 

Keywords—anaerobic digestion; ADM1; thermophilic; methane 

gas; municipal sludge wastes 

I.  INTRODUCTION 

Anaerobic digestion has been worldwide used for the 
treatment of numerous types of organic wastes [1]. Anaerobic 
digestion of the municipal sludge wastes under mesophilic or 
thermophilic conditions can contribute efficiently in organic 
waste reduction and biogas production [2]. Because of the 
importance of anaerobic digestion as an organic waste 
treatment process, the anaerobic digestion model no. 1 
(ADM1) was developed by an international water association 
(IWA) specialist group [3, 4, 5, 6, 7]. Its main feature is the 
consideration of the main steps of anaerobic digestion process 
that are disintegration (non-biological step), hydrolysis, 
acidogenesis, acetogenesis, and the methanogenesis with seven 
different microbial groups [6, 8].  

In the present study, the ADM1 was applied for the 
simulation of a dynamic behavior of a lab-scale thermophilic 
anaerobic digestion process which treated municipal sludge 
wastes. 

II. METHODS 

A. Anaerobic digestion model no.1 (ADM1) 

The ADM1 model developed by the IWA group with the 
objective to build a full mathematical model based intimately 
on the phenomenological model was used in order to simulate 
thermophilic anaerobic digestion process.  

The ADM1 model includes, as a first step, the 
disintegration of organic solid complexes (non-biological step) 
into carbohydrates, lipids, proteins and inert materials (soluble 
and particulate inert). The second step is the hydrolysis process 
of the disintegration products under an enzymatic action to 
produce sugars, amino acids and long chain fatty acids 
(LCFA), successively. Then, amino acids and sugars are 
fermented to produce VFAs, hydrogen and carbon dioxide gas 
(acidogenesis). Then LCFA, propionic acid, butyric acid and 
valeric acid are anaerobically biotransformed into acetic acid, 
carbon dioxide and hydrogen gas (acetogenesis). Finally, 
methane gas can be produced through two paths: the first one is 
based on acetate whereas the second one is through the 
reduction of carbon dioxide by molecular hydrogen.  

B. Reactor and experimental monitoring 

As mentioned above, experimental data were obtained from 
the monitoring of an anaerobic digestion of municipal sludge 
wastes carried out in the lab-scale batch digester (total liquid 
volume of 10 L, total headspace volume of 2.3 L) which was 
operated under thermophilic conditions (54±1°C) at an organic 
loading of 10.7 gCOD/Lreactor.  

During the operation period, the digestion process was 
monitored by analyzing pH, total solids (TS) and volatile solids 
(VS), chemical oxygen demand (COD), volatile fatty acids 
(VFAs), biogas volume produced, biogas composition (CH4, 
CO2, and H2) [9]. 

III. RESULTS AND DISCUSSION 

A. Characterization of municipal sludge waste 

The lab-scale batch thermophilic anaerobic digestion 
reactor was monitored for around 2 months. Typical 
characteristics of municipal sludge waste were 37 gTS/L, 
VS/TS ratio of 74%, 49 gTCOD/L, and VFAs of 1.6 gCOD/L. 
The substrate was characterized according to the ADM1. 
Therefore, the model input data were calculated on the basis of 
characteristics of municipal sludge waste. 
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B. Estimation of kinetic parameters 

Kinetic parameters concerning the disintegration and the 
hydrolysis reactions were first estimated by experimental batch 
study. The observed kinetic rate constants were 0.8 and 1.6 d

-1
 

for disintegration and hydrolysis reactions, respectively (see 
Table 1). All values of kinetics and stoichiometry constants 
were then maintained as in the ADM1 model. 

C. Modeling of reactor performance 

After the estimation of the kinetic rate constants of 
disintegration and hydrolysis reactions, the obtained 
experimental data of acetic acid concentration, total VFAs 
concentration, and cumulative produced methane volume were 
used for kinetic parameters estimation (see Fig. 1) using the 
Simplex minimization algorithm [10]. The values of the kinetic 
parameters involved in the uptake rates of the VFAs, estimated 
after the model fitting are listed in Table 4. They are also 
compared with the ADM1 parameter values suggested in the 
scientific and technical report of ADM1 which applied the 
model in the case of the anaerobic digestion of sludge waste [4].    

TABLE I.  ESTIMATED VALUES OF KINETIC PARAMETERS 

Kinetic 

parameters 
Description (unit) 

Default 

values in 

ADM1 

Estimated 

values 

(this study) 

Kdis 
Composites disintegration rate 

(d-1) 
0.5 0.8 

Khyd Hydrolysis rate (d-1) 10 1.6 

km_pro Propionate uptake rate (d-1) 13 17 

Ks_pro 
Half saturation coefficient for 

propionate uptake (kgCOD/m3) 
100 92 

km_ac Acetate uptake rate (d-1) 8 4.7 

Ks_ac 
Half saturation coefficient for 

acetate uptake (kgCOD/m3) 
150 251 

Ypro 
Propionate degraders yield on 

substrate 
0.04 0.05 

Yac 
Acetate degraders yield on 

substrate 
0.05 0.04 
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Fig. 1. Comparison of model simulated data with the experimental data of 
cumulative produced methane gas volume (left) and concentration profile of 
total VFAs (right). 

 

Obtained results concerning the cumulative produced 
methane gas volume and the concentration profile of total 
VFAs were presented in Fig. 1. Total VFAs quickly 
disappeared in 6.5 days and methane gas was produced up until 
55 days. As shown in Fig. 1, the simulation results with 

optimized parameters were in good agreement with the 
experimental data over all operation period. However, there 
was a slight difference for the cumulative produced methane 
gas volumes. Similar to the previous report [11], it was 
possible that the gas-liquid transfer and separation of methane 
gas took some time due to the high viscosity of sludge wastes, 
which would explain the time gap between methane gas 
production and VFAs utilization. 

IV. CONCLUSION 

The present study focused on the anaerobic fermentative 
methane gas production from municipal sludge waste under 
thermophilic conditions. The application of ADM1 model to 
the obtained experimental data from the lab-scale batch 
methanogenic reactor for all operation period was successful. 
Therefore, the ADM1 could be a valuable tool for managing 
and process design of anaerobic digestion even in the case 
under thermophilic conditions. 
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