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ABSTRACT 

In this paper coir pith is taken for simulation of gasification using thermo-chemical software FACTSAGE 6.3. Analysis is 

made with respect to the effect of temperature and equivalence ratio () on gas composition and calorific value, with a temperature 

range of 200-1200C and equivalence ratio () of 0.3 to 0.6. The optimised condition for higher gas calorific value is found to be  = 

0.3 and 700C and maximum gas calorific value for coir pith is 5.465 M J/Nm3. 
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INTRODUCTION 

Gasification is one of the methods to convert low calorific solid fuels into gaseous fuel for thermal applications, biomass is 

commonly used as fuel in gasifier because of its low sulphur content and it is renewable. During gasification air and fuel is supplied to 

initiate the combustion to supply energy for gasification and sub-stoichiometric air is supplied to start partial oxidation of the elements 

of the fuel. Gasification is a complex process, in which simultaneous chemical reaction occurs along with decomposition and secondary 

reaction of product formed. The general reactions involved in gasification are oxidation, boudouard, water gas and shift and methanation 

reaction. The main gaseous products formed during gasification are CO, CO2, H2, H2O, CH4, N2 in which CO, H2 and CH4 alone are 

combustible, increasing the combustible products in the producer gas increases its calorific value and combustion efficiency. In the 

present study an attempt is made to find out the effect of temperature and equivalence ratio on gas composition and heating value of 

product gas. 

METHODOLOGY 

The elemental composition presented in Table-1 are given as input to the software and air-fuel ratio for coir pith is found to be 

4.24 kg of air /kg of fuel by using the formula ( A / F ) stoichiometric = (100 / 23)  (8 / 3  C + ( 8 ( H - ( O / 8 ) ) + S ). C, H, S denotes 

carbon, hydrogen and sulphur content present in per kg of fuel. Temperature range is set from 200-1200C with an increment of 100C 

and equivalance ratio () is set between 0.3 to 0.6 with an incremental of 0.05. All the possible products are selected along with the 

major products and  total gas formed is also found, heating value of the product gas is calculated using the formula HHV =(H2%   

30.52 + CO%   30.18 + CH4%  95)  4.1868 (KJ/Nm3), H2% , CO% , CH4%  denotes the volumetric percentage of hydrogen, carbon 

monoxide and methane. 

Table.1.Proximate and ultimate analysis of coir pith 

Ultimate Analysis Percent Proximate Analysis Percent 

carbon 47.18 Volatile matter 73.4 

hydrogen 3.6 Fixed carbon 20.6 

nitrogen 1.01 Moisture 13.63 

sulphur 0.01 ash 6 

oxygen 48.2   

RESULT AND DISCUSSION 

Effect of temperature and equivalence ratio 

The composition of producer gas depends on the operating temperature of the gasifier, because all the chemical reactions are 

temperature dependent. Increase in temperature increases H2 content up to 700C and then it start to decrease, CH4 increases up to 

400C and decreases due to thermal decomposition of CH4 into H2 and CO. Temperature and equivalence ratio has no effect on N2 and 

it remains constant. H2O decreases with increase in temperature up to 700C for  =0.3-0.4, at higher equivalence ratio it decreases up 

to 600C and then increases in both cases. CO content increases with increase in temperature and maximum increase of CO observed 

at 500-700C corresponds to the decrease of CO2. 

Equivalence ratio() has no effect on H2 before 700C after that it decreases, CH4 content decreases with increase in value of 

 for 200-700C after that no change in CH4 content. No effect was observed on H2O up to 700C, Increase in  increases H2O content 

after 700C indicates the partial oxidation of H2. After 700C increase in equivalence ratio decreases CO content corresponding to 

increase in CO2. 

Gas composition and heating value 

From the results obtained from the simulation, maximum calorific value is obtained at  = 0.3 and temperature of 800C. 

Volumetric percentage of gases at  = 0.3 at various gasifier temperature is shown in Fig.2 along with the heating value of the gas 

produced. The heating value is calculated from the formula used by xiao et al. Gasifier efficiency depends on heating value of the gases 

produced during gasification. Increasing the hydrogen content in the gas mixture increases the heating value because it has calorific 

value of 141.79 MJ/m3. Steam gasification is one of the methods to increase H2 content, oxy-gasification is another method to reduce 

the N2 content in the gas by supplying oxygen alone by air-separation unit. 

  

http://www.jchps.com/


National Conference on Green Engineering and Technologies for Sustainable Future-2014 
Journal of Chemical and Pharmaceutical Sciences                                                                                                                      ISSN: 0974-2115 

JCHPS Special Issue 4: December 2014                                                   www.jchps.com      Page 93 

  

 
 

 
 

Figure.1.Effect of temperature on gas composition at different equivalence ratio under atmospheric pressure. 
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Table.2.Gas composition and calorific value of coir pith at  = 0.3 

S.No Temperature H2 (vol%) CH4 (vol%) CO ( vol%) HHV(MJ/Nm3) 

1 200 0.12 1.17 <0.01 0.48 

2 300 0.88 1.67 0.03 0.78 

3 400 3.27 1.71 0.43 1.15 

4 500 7.51 1.24 3.11 1.85 

5 600 11.83 0.65 12.91 3.40 

6 700 14.11 0.21 28.34 5.47 

7 800 13.64 0.01 29.42 5.46 

8 900 12.94 <0.01 30.15 5.46 

9 1000 12.33 <0.01 30.76 5.46 

10 1100 11.82 <0.01 31.28 5.46 

11 1200 11.38 <0.01 31.72 5.46 

       
(a)Gas composition at different temperature for  =0.3      (b) Higher heating value at different temperature for =0.3. 

Figure.2.Effect of temperature on gas composition and heating value for  = 0.3. 

CONCLUSIONS 

The gasification simulation has done for coir pith using thermo-chemical software FACTSAGE 6.3 with temperature range of 

200-1200C and equivalence ratio range of 0.3-0.6. The gas composition mainly consists of H2, CO, CH4, CO2, N2 and H2O but 

importance has given to improve the combustible gases. Increase in temperature increases H2 up to 600-700C and CH4 content increases 

up to 400C and then it decreases and CO content increases with increase in temperature. H2, CH4 and CO content generally decreases 

with increase in equivalence ratio. It is found that maximum calorific value of 5.465 MJ/Nm3 is obtained at equivalence ratio of 0.3 and 

temperature of 700C using coir pith as fuel. 
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