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ABSTRACT 

Gasification is the process of conversion of low grade solid fuel into gaseous fuel by thermo-chemical 

reaction. In this paper saw dust is taken for simulation of air gasification and steam gasification by FACTSAGE 

6.3. Analysis is made with respect to the effect of temperature, equivalence ratio () and steam to biomass ratio (Ψ) 

on producer gas composition. Temperature is varied from 200 to 1200C, equivalence ratio () range is kept from 

0.3 to 0.6 and steam to biomass ratio (Ψ) changed from 0.1 to 5. For air gasification, the optimised condition is  = 

0.3 and 800C to reach gas heating value of 6.584 M J/Nm3 and for steam gasification optimised condition is Ψ = 

0.2, 1100C and gas heating value is 12.717       M J/Nm3. 
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INTRODUCTION 

Depleting fossil fuel and pollution control norms intense the search of clean power generation from 

biomass. Biomass is the collection of plant and animal residue, thermal and biological methods are main routes to 

convert biomass into energy. Biomass is commonly used fuel in gasifier because of its low sulphur content and it is 

renewable, India has large potential of biomass resource supply for power production. Currently agricultural 

residues and forest wastes are used for direct combustion, pollutes the environment and conversion efficiency is 

also low. Gasification is one of the thermal methods to convert low quality solid fuel into energy dense gaseous 

fuel by thermo-chemical reactions.  Biomass contains volatiles, fixed carbon, ash and moisture, on heating moisture 

removed around 120°C, devolatisation up to 350°C and char gasification above 350°C. The main gaseous products 

formed during gasification are carbon monoxide,carbon di-oxide, hydrogen, methane, nitrogen and water vapour.  

Oxidation, methanation, methane reformation, Boudouard reaction, water gas and water gas shift reactions 

are the main reactions taking place during gasification. Gasification requires heat and gasifying medium, heat 

addition takes place by partial oxidation of biomass. Several types of gasifiers have been developed for biomass 

includes fixed bed, moving bed, fluidised bed. The typical operating condition of gasifier temperature varies from 

200 – 1200°C and pressure ranging from atmospheric pressure to 2.4 MPa. The cleaning of impurities in raw gas is 

required in order to achieve the environmental emission limit. Air, steam, combined air and steam, oxygen and 

carbon-di-oxide are commonly used gasifying medium, the typical heating value of gas for air gasification is in the 

range of 4-7   M J/Nm3 and for steam gasification 10-18 M J/Nm3 . 

METHODOLOGY 

The software runs on non-stoichiometric equilibrium modelling with Gibb’s energy minimisation to find 

out the product composition for the operating condition. For each reaction, equilibrium constants were found and 

solved to find out the composition of the products.  In modelling biomass is assumed to be dry, ash free and 

contains C, H, O, N, S. In some of the modelling, nitrogen and sulphur are not considered because of it low content. 

Operating condition and chemical composition of saw dust from proximate and ultimate analysis were 

input to the software. Temperature range is set from 200C to 1200C with an increment of 100,  varied from 0.3 

to 0.6 by 0.05 and Ψ varied from 0 to 5 by 0.1.  Stoichiometric air fuel ratio  for saw dust is 5.35 and  it is 

calculated by the corresponding formula ( A / F ) s = (100 / 23)  (8 / 3  C + ( 8 ( H - ( O / 8 ) ) + S ).   Higher 

heating value of the gas mixture is calculated by the following formula HHV = ( H2 %  30.52 + CO %  30.18 + 

CH4  95 )  4.1868 (kJ/Nm3). 

Table 1: Proximate and Ultimate analysis of saw dust 

S.No Ultimate Analysis Mass Percentage Proximate Analysis Mass Percentage 

1. Carbon 44.96 Volatile matter 76.1 

2. Hydrogen 5.83 Fixed carbon 8.9 

3. Nitrogen 3.1 Moisture 14.6 

4. Sulphur 0.61 Ash 0.40 

5. Oxygen 45.5 - - 
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Fig.1 FACT SAGE windows 

 

 RESULT AND DISCUSSION 

The analysis of gas composition is done with respect to variables such as temperature, equivalence ratio 

and steam to biomass ratio. Gas higher heating value is calculated from the product composition. The data obtained 

from gasification simulation is discussed in the following section. 

Effect of temperature and equivalence ratio on gas composition  

The composition of producer gas mainly depends on the operating temperature of the gasifier, increase in 

temperature increases CO content, CO2 increases up to 500°C and CH4 decreases except for 200 - 300°C rise, 

applicable for all equivalence ratio. The decrease of CO2 at high temperature is due to Boudouard reaction (R-1). 

Le chatelier’s principle states that higher temperature favours endothermic reaction [6]. 

C     + CO2     → 2CO     ∆H = +172.47 
kJ

mol
⁄             ...R-1 

H2 content increases with rise in temperature, after reaching peak value it decreases. For   = 0.3 and 0.35 

H2 increases up to 800°C, for  = 0.6 H2 increases up to 600°C and for other values it increases up to 700°C. 

Moisture present in the biomass at high temperature produces CO and H2 by water gas reaction (R-2). Above 

900°C hydrogen production decreases due to  exothermic and reversal of behaviour of water gas shift reaction (R-

3) [7]. 

C     + H2O    → CO + H2   ∆H = +131.31  
kJ

mol
⁄              ...R-2 

CO  + H2O   → CO2 + H2   ∆H = −41.16  
kJ

mol⁄                 ...R-3 

Increase in  value increases CO2 content and decreases CH4 content for all temperatures. H2 is insensible 

to  value up to 600°C and then it decreases. CO increases with increase in  value up to 600°C except at =0.6 & 

600°C, at 700°C CO increases for  = 0.3 and 0.35 after that decreases. The composition of CO, H2, CH4 and CO2 

are shown in Fig .2  
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Fig 2. Gas composition at different air gasification operating condition 

Effect of temperature and steam to biomass ratio on gas composition 

Steam to biomass ratio plays an important role in gas yield and gas quality, during experiment Ψ value is 

varied either by changing steam flow rate or by changing biomass feed rate. Carbon boundary point is the optimum 

point of operation with respect to exergy-based efficiency for both air and steam gasification and it implies the 

minimum quantity of gasifying agent for complete carbon conversion.  

The effect of temperature and steam to biomass ratio on steam gasification of saw dust shown in fig 2 and 

3The hydrogen production increases with increase in Ψ value due to water gas shift reaction (R-3) and steam 

reformation (R-4) and other gas components follow the same principle of air gasification. The gas heating value of 

saw dust is shown in Fig.4 

  H2O →  H2    +
1

2
 O2             ∆H = + 241.83  

kJ
mol⁄    ...R-4 

 

 

  

  
 Fig 3. Gas composition at different steam gasification operating condition 
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Fig 4. Higher gas heating value for air and steam gasification 

CONCLUSION 

The gasification simulation has done for saw dust using thermo-chemical software FACTSAGE 6.3 with 

temperature range of 200-1200C, equivalence ratio range of 0.3-0.6 for air gasification and steam to biomass ratio 

varied from 0 – 5 for steam gasification.   H2, CO, CH4, CO2, N2 and H2O are the main components of the gas 

mixture along with traces of several gases. The maximum gas calorific value is found to be 6.58 MJ/Nm3 at 800°C 

and =0.3 for air gasification and  maximum gas calorific value is found to be 12.717 M J/Nm3at 1100°C and Ψ = 

0.2 for steam gasification. 
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