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Table 6.1 Experimental parameters and their levels to optimize hymethane carrying ratio 
via central composite design. 
 

 
  

 
 

 

     

          

          

X1 :Blending ratio (%); 0% : CL ALG 1-0; 25% : CL ALG 3-1; 50% : CL ALG 1-1; 75% : CL ALG 1-3; 
100% : CL ALG 0-1;  
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Where,  , , and  relate to experimental, predicted and average value of 

output. 
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ANN, the weighted sum of inputs by a given node was passed through a 

non-linear activation function and output of one node acted as an input for another node in 

the next layer to compute the final ANN output.  

 

 
The established ANN model was integrated with MOGA as an integrated ANN-

MOGA to predict the optimal factor to enhance the hymethane carrying ratios at 

 

 

f1 = max [ANNMOGA (1,1)]                                                                                          (6.11)                                                                                          

f2 = max [ANNMOGA (2,2)]                                                                                           (6.12)                                                                                              
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f3 = max [ANNMOGA (3,3)]                                                                                          (6.13)                                                                                                    

Subject to: A  (0, 100); B  (5, 25) 

 The f signifies hymethane carrying ratio at pyrolysis characteristic temperature 

Tp1, Tp2 and Tp3. The A and B denote input factors as blending ratio and heating rate, 

respectively. Model validation was accomplished by performing experiments in triplicates 

at ANN-MOGA optimized conditions. The detailed 

 

 
 

 

 



Chapter 6 Hydrogen and methane rich syngas emission analysis through co-pyrolysis of low 
rank coal and de-oiled microalgae biomass 

162 
 

 

 
 
Table 6.2 Fuel characteristic analysis of coal and de-oiled microalgae blends. 
 

  
 

 
  

 
 

 
 

 
      

      
      

      
      

      

 
     

 
      
      
      
      
      

 
      
      

All-observed values of responses were mean values of duplicates and standard deviation less than 3%; 
aMineral matter mass % = 1.10. (Ash mass %); bPyrite = 130. (S mass%  0.30)/ Ash mass %; cFuel ratio = 
Fixed carbon / Volatile matter.  
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Table 6.3 Estimation of characteristic temperatures for de-oiled microalgae and coal co- 
pyrolysis. 
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6.3.3 Kinetic Analysis of coal and de-oiled microalgae blended material 
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Table 6.4. 
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Fig. 6.6 Activation energy (Ea) estimation for (a) coal and de-oiled microalgae blends (b) 
individual de-
using Kissinger-Akahira-

was performed with p < 0.05 among different groups. 
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Table 6.6 
 

 

X1 : blending ratio (%); X2 : heating rate (º C/min); Coef : coefficient; SE : standard error; Blending ratio 
  

 

 

 

X1 : blending ratio (%); X2 : heating rate (º C/min); Coef : coefficient; SE : standard error; Blending ratio 
  

 
 

 

 

Model 
Y1  Y2  Y3 

Coef SE t P  Coef SE t P Coef SE t p 

Constant 1.07 0.016 62.97 < 0.001 

 

2.96 0.04 44.30 < 0.001 

 

0.29 0.011 27.39 <0.001 
X1 0.06 0.011 5.81 < 0.001 0.21 0.03 5.37 < 0.001 0.00 0.0073 0.54 < 0.001 
X2 0.08 0.011 7.54 < 0.001 0.12 0.03 3.41 < 0.001 0.009 0.007 1.25 < 0.001 
X1

2 0.06 0.008 7.07 < 0.001 0.42 0.02 12.23 < 0.001 0.029 0.005 5.51 < 0.001 
X2

2 0.13 0.008 16.2 < 0.001 0.57 0.02 16.80 < 0.001 0.05 0.005 9.95 < 0.001 
X1 X2 0.14 0.019 7.47 < 0.001 0.48 0.05 7.56 < 0.001 0.17 0.013 13.63 < 0.001 

Coded term:  

Y
1 
= 1.006 + 0.064 X

1 
 + 0.083 X

2 
  0.057 X

1

2
0.13 X

2

2 
  + 0.14X

1
X

2
 

Y
2 
= 2.96  0.208 X

1 
 + 0.115 X

2 
  0.415 X

1

2
  0.572 X

2

2 
  0.48X

1
X

2
 

Y
3 
= 0.2912  0.004 X

1  
+ 0.0092 X

2 
+ 0.029 X

1

2 
 0.053 X

2 

2 
  + 0.175 X

1
X

2
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X1 : blending ratio (%); X2 : heating rate (º C/min); df : degree of freedom; SS : sum of square; Y1, Y2 and Y3  
hymethane carrying ratio at Tp1, Tp2 and Tp3, respectively; Blending ratio 

  

 
 

Source df 
Y1  Y2  Y3 

SS MS F P  SS MS F P SS MS F p 

Model 5 1.23 0.25 83.39 < 0.001 

 

21.39 4.28 189.54 < 0.001 

 

0.47 0.095 72.45 < 0.001 
X1 1 0.10 0.10 33.81 < 0.001 1.03 1.03 45.78 < 0.001 0.0004 0.0004 0.29 < 0.001 
X2 1 0.17 0.17 56.86 < 0.001 0.32 0.32 14.06 < 0.001 0.002 0.002 1.57 < 0.001 
X1X2 1 0.17 0.17 55.84 < 0.001 1.84 1.84 81.66 < 0.001 0.24 0.24 185.81 < 0.001 
X1

2 1 0.15 0.15 49.96 < 0.001 7.91 7.91 350.35 < 0.001 0.04 0.04 30.32 < 0.001 
X2

2 1 0.78 0.78 263.86 < 0.001 15.01 15.01 664.93 < 0.001 0.13 0.13 99.06 < 0.001 
Error 20 0.059 0.0029   0.45 0.023   0.026 0.0013  < 0.001 
Lack- 3 0.022 0.007 3.24 0.048 0.43 0.14 124.58 < 0.001 0.013 0.0042 5.16 < 0.001 
Pure 17 0.038 0.002   0.02 0.001   0.014 0.0008   
Total 25 1.29    21.84    25 0.50   
R2 0.95  0.98     0.95 
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Blending ratio 
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Fig. 6.10 Experimental validation of hymethane carrying ratio and syngas distribution at 
(a) CL ALG 1-1 (blending ratio: 50%) (b) statistical optimized (RSM) (c) ANN - MOGA 
optimized condition. was performed with p < 0.05 among different 
groups. 

 

These results revealed that ANN-MOGA generated optimization conditions provide 

higher hymethane carrying ratio at three different characteristic temperatures than RSM-

based process conditions. The reason is that RSM assumes a quadratic relationship between 

variables and response, which limits its performance when dealing with intricate 

interactions in the pyrolysis process (Zhan et al., 2024). In contrast, ANN can model 

complex, non-linear or dynamic relationships with high prediction accuracy (Zhan et al., 

2024). To handle present multi-objective optimization problem with high dimensionality 

and potential discontinuities in response surface, ANN-MOGA efficiently explores the 
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parameter space and mitigate the limitations of single-point search algorithms (Saini et al., 

2021). 
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