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Abstract 

A sludge gasification model was developed in this study 
based on chemical equilibrium. Dewatered sludge with 
a water content of 60% was the feedstock. The energy 
recovered from desuperheating of the produced gas was 
used to dry the sludge. Then, the dried sludge was 
introduced into a gasifier together with air to generate 
syngas. Results of the model show that when   
equivalence ratio increases from 2 to 3, the equilibrium 
temperature decreases from 1380K to 721K. The high 
heating value of the syngas reached its maximum value 
of 80.32 kJ/(mol gas) when equivalence ratio is equal to 
2.26. 

1. Introduction 
The sewage sludge is a by-product generated from 

municipal wastewater treatment processes. It is 
composed of C, H, O, N and S elements, mineral matter 
and moisture. Gasification is a thermal treatment of 
sludge. In this process, the oxidizing medium reacts 
with available carbon in the sludge to generate syngas, 
tar and char. Gasification is considered to be a 
promising technology for energy recovery from waste 
sludge with less pollution emissions. Air, steam or pure 
oxygen can be used as the oxidizing agent in 
gasification process. After gasification, the produced 
gas with high temperature could be cooled to a low 
temperature for cleaning and further use.  

In this study, a mathematical model was developed 
for sewage sludge gasification. The energy recovered 
from desuperheating of syngas was used in the model to 
dry incoming feedstock. The schematic diagram of the 
process is shown in Figure 1. This model was built in 
Cantera which is an open source software for chemical 
kinetics, thermodynamics and transport processes.   

 
Fig 1. Schematic diagram of sludge gasification process 

 

2. Modelling 
The aim of the model is to calculate the equilibrium 

temperature, syngas composition and heating value in 
the gasification process at different equivalence ratios. 
The model is based on the element balance, chemical 
equilibrium and energy balance. Dewatered sludge with 
a water content of 60% is used as feedstock and air is 
used as gasifying agent. The equivalence ratio ranges 
from 2 to 3.  

3. Results and discussion 
The equilibrium temperatures and high heating 

values of syngas are shown in Figure 2. 

 
Fig 2. Equilibrium temperatures and HHV of syngas at different 

equivalence ratios 

As is shown in Figure 2, the equilibrium temperature 
decreases from 1380K to 721K with the increase of 
equivalence ratio from 2 to 3; the high heating value of 
syngas ranges from 36.8 kJ/(mol gas) to 80.32 kJ/(mol 
gas) at the same range of equivalence ratio.  

4. Conclusion 
(1)  The equilibrium temperature decreases from 

1380K to 721K with the increase of equivalence ratio 
from 2 to 3; 

(2) The high heating value of the syngas will reach 
its maximum value of 80.32 kJ/(mol gas) when 
equivalence ratio is equal to 2.26. 
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