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Abstract 

The effects of economic growth and world population increment lead to increase energy 

demand. Currently, the alternative energy process should be sought. Lignocellulosic agricultural wastes 

containing cellulose, hemicellulose and lignin are interesting to apply as carbon sources for biogas 

production. Therefore, this article purposes to highlight the biogas production. In addition, these 
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abbreviations of organic matter digestion operated by anaerobic bacteria and its optimum production 

process are extremely useful to conduct the sustainable biogas production in the future. 
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2.  (Lignocellulose materials) 

3 ( 1

[6]

[7]
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3.  

 (Pretreatment) 

4 ( 2 [5], [11] 

2   
 1. Physical pretreatment

 
 2. Chemical pretreatment) 

 
 3. - Physic-Chemical pretreatment) 

NaOH

NaOH 

NaOH

 

 4. Biological pretreatment) 
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 2 (pretreatment)  [5] 

 

2 
 

    

 

 

 358 mL/g VS* [12] 

 308 mL/g VS [13] 

 0.28 m3/kg VS [14] 

 625 mL/g VS [15] 

  0.380 m3/kg VS [16] 

  216 mL/g VS [17] 

  0.23-0.34 CH4/kg VS [18] 

  271 L CH4/kg VS [19] 

  0.422 CH4 m
3/kg VS [20] 

*VS = Volatile solid) 

 

4 Biogas)  
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 3)  

 [21]  

 

3 [22-24] 

 %)   
CH4 50–70  21 MJ/m3 (CH4 60%) 

CO2 25–40  25 cm/s 

N2 0.5–0.3  650 C 

H2 0.5–1.5  600 C 

CO 0.5–1.5  (Cp) 1.6 kJ/m3 C 

H2S 0.01–0.05  (P) 1.15 kg/m3 
 

5.  
 

 (Anaerobic bacteria) 

4 ( 3)   (Hydrolysis)  

(Acidogenesis)  (Acetogenesis)  (methanogenesis)  

  1  (Hydrolysis)  

    

  

(Hydrolytic bacteria)  (Extracellular enzymes) 
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  2  (Acidogenesis)

 (Acedogenic bacteria)
obligate anaerobes facultative anaerobes 

  (Propionic acid)  (Butyric acid)    
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 3  ( [25]) 

 

  (Acetic acid)    

       

  3  (Acetogenesis)  

(volatile fatty acid)      

   (Acetogenic 

bacteria)  (Acetate and H2-producing bacteria) 

( )  methanogenic bacteria  

 

CH3COOH + 2H2  CH3CH2OH + H2O 

( )  ( ) 

CH3CH2COOH + 2H2O  CH3COOH + CO2 + 3H2 

( )   
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3. Acetogenesis 
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Volatile Fatty 

Soluble Organic Molecules  
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(Carbohydrates, Proteins, Lipids) 
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+, S- 
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CH3CH2CH2COOH + 2H2O  2CH3COOH + 2H2 

  ( ) 

 

 
 

  4  (Methanogenesis)  (CH4) 

 (Methanogens) 

   
(generation time  3  53 C 50  10 C

 2   

 1. Hydrogenotrophic methanogens 

   
 

 
  

2. Acetotrophic methanogens  

 

 

 

6.   
  

 
 2  [26]  (1) Non-methanogenic bacteria 
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7.  

   2 

 
  [26] 

 1.  Temperature)  
 

 20–42 C  
35 C   10 C [23], [27] 

 2   pH)   
  pH  6.7-7.5  pH  

   pH  6.2 
 [23], [27] 

 3   C/N Ratio) 
   20–30 

 23  C/N ratio   Methanogen 
    C/N Ratio  

 pH   pH  8.5 

 Methanogen  C/N ratio  8-30 

  [28]  C/N ratio  
  C/N ratio  

 C/N ratio  C/N ratio  C/N ratio 

  
 4   Nutrients and elements   

 
   Macronutrients)   nitrogen; N  

 phosphorus; P)  sulfur; S   micronutrients)   calcium; 

Ca   magnesium; Mg   zinc; Zn   manganese; Mn   copper; Cu  
 ferrous; Fe   nickel; Ni   cobalt; Co   

 [23], [27] 

 5   Toxic substances)  
  )  oxygen) 
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methane formers [29] volatile fatty acid)

) ammonia)

antibiotic)
50 [23] 
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