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Abstract 

Anaerobic digestion is a complex process involving several reactions in four different phases 
namely hydrolysis, acidogenesis, acetogenesis and methanogenesis. The mechanism of 
complex substrate conversion to biogas is previously explained using anaerobic digestion 
model (ADM1). However, no process simulation model has been proposed yet to study the 
anaerobic digestion process. The advantage of process simulation is that it allows testing the 
potential of a new substrate without performing the experiment or affecting the process in an 
industrial scale.  

In this study, a novel process simulation model (PSM) was developed using Aspen Plus® 
(version 7.3.2). This software is widely accepted for process simulations by industries and 
academy. Hence, it was chosen to develop PSM for anaerobic digestion. PSM involves all 
possible reactions for each phase in the conversion of substrates such as carbohydrates, 
proteins, and fats to biogas. The material properties were defined using NRTL (Non-Random 
Two-Liquid). A total of 53 reactions were included in the PSM, mainly based on their kinetics. 
Reactions in the hydrolysis phase alone were included as fractional conversion. The PSM 
was further validated rigorously from seven cases including industrial plants and previous 
research studies.  

The industrial plants located at Borås, Norrköping, and Laholm (all in Sweden) were 
validated with PSM. The results suggested that the variation of the biogas potential was in 
the range of ±6.7%. For instance, the biogas plant located in Borås produced 9,600 m3/day, 
while PSM predicted 10,168 m3/day. The variation between PSM and actual data was 
+5.9%. Similarly, some laboratory data were also used for model validation. However, the 
variation from the laboratory works had a higher deviation in the range of ±10.0%. A study 
involving two experiment runs: (1) co-digestion of 70% MSW (municipal solid waste) and 
30% CW (citrus waste) and (2) 100% MSW was accounted for model validation using PSM. 
For MSW, the experimental methane potential was 0.54 m3 CH4/kgVS/day and from PSM 
were 0.486 m3 CH4/kgVS/day. The difference for this validation was -10.0%. In the co-
digestion study, 70% MSW was mixed with 30% CW obtaining 0.555 m3 CH4/kgVS/day 
experimentally. The same feed in PSM had a difference of -3.2% with 0.537 m3 
CH4/kgVS/day.  

Furthermore, PSM was statistically validated which showed there was no significant 
difference (p value – 0.470) between the model and experimental data for different cases 
studied. The sensitivity of the model was tested by changing the composition of the model 
and extent of reaction by ±10% which showed the model was reactive to every change and 
thus predicting results close to reality. Process simulation is useful and inexpensive tool, 
which allows comparing different processes, parameters and raw materials for biogas 
production. Composition of substrate is needed; however a small change in composition 
would not affect the difference in simulation to reality. By using PSM, the biogas potential for 
industrial or laboratory scale can be achieved with high accuracy.  

 


