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Abstract 
 

The biogas production is influenced by many factors, of which the temperature of the 
anaerobic digester process and of the sublayer is the most important. Depending on the 
reaction medium temperature, certain groups of microorganisms are stimulated, while others 
are inhibited (mesophilic bacteria require an optimal temperature around 35°C, and the 
thermophilic bacteria require an optimal temperature around 55°C) inducing various 
degrees of organic material biodegradability, the maximum being reached at 55°C, 
influencing the quantity and quality of biogas production. Apart from temperature, the 
qualitative and quantitative influence over the biogas production is determined by the 
biodegradable organic matter content of the raw material subjected to the microorganisms 
action, by the C/N ratio, sublayer pH etc. 
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1. Introduction 
 

Biogas is a gas mixture, mainly consisting of methane and carbon dioxide, resulting from the 
biological process of anaerobic digestion of various organic material. The percentage of methane in 
biogas will vary depending on the process conditions and the type of organic matter fermented between 
55% and 80% (VINTILĂ, T., [1], DOBRE et al, [2]). Biogas also contains very small quantities of other 
gases such as: hydrogen sulphide, nitrogen, oxygen, water steam etc. 

The anaerobic digestion is carried naturally in the anaerobic environments such as the bottom 
of ponds and marshes (ROUSE, J.,  ALI M. [3]), wetlands, the digestive tract of ruminants and certain 
species of insects (RAPPORT, J. & al. [4]).  

The biogas energetic value is determined by the methane content. Table 1 shows the  energetic 
values of  biogas with various methane content at the temperature of 0°C and the pressure of 760 mm Hg 
(for normal conditions), and the temperature of 20°C, and the pressure of 760 mm Hg (for technical 
conditions), ([5]). 
 

Table 1- Biogas calorific power depending on biogas content, ([5]) 
Methane 
content  

% 

Calorific power 
kcal/m3 

Methane 
content  

% 

Calorific power 
kcal/m3 

at 0° C and 760 
mm Hg 

at 20° C and 760 
mm Hg 

at 0° C and 760 
mm Hg 

at 20° C and 
760 mm Hg 

50 4281 3955 66 5650 5261 
52 4452 4145 68 5822 5420 
54 4623 4304 70 5993 5579 
56 4794 4463 72 6164 5739 
58 4965 4623 74 6335 5898 
60 5137 4782 76 6507 6058 
62 5308 4942 78 6678 6217 
64 5479 5101 80 6849 6376 
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Table 2 shows a comparison between biogas other heat sources commonly used in 

practice (NIKOLIĆ, V., [6], NIKOLIĆ, V., VINTILĂ, T., [7]).  
 

Table 2- Comparison between biogas and other thermal energy sources 
 (after NIKOLIĆ, V., [6], NIKOLIĆ, V., VINTILĂ, T., [7]). 

Fuel type U.M. Calorific power 
Kcal/U.M. 

Equivalent in U.M. 
for 1 m3 of biogas 

Biogas 60% methane, at 0°C and 760 
mm Hg 

 
m3 

 
5137 

 
1 

Dry wood kg 1800 - 2200 2.85 – 2.34 
Lignite kg 1800 - 3800 2.85 – 1.35 
Coal dust briquettes kg 4000 - 6800 1.28 – 0.76 
Tar kg 9400 - 9500 0.55 – 0.54 
Fuel radiator kg 9500 - 9700 0.54 – 0.53 
Diesel fuel kg 10000 - 11000 0.51 – 0.47 
Natural gas kg 8500 0.60 
Liquefied petroleum gases kg 22000 0.23 

 
The analysis of the data from table 1 and table 2 indicates that biogas is a valuable 

fuel, having a high calorific value, greater than timber, lignite, and coal lighters, fuels 
commonly used in practice. 

 
2. Material and methods 

 The technology of biogas production from organic residues has a series of advantages 
and it is absolutely required because:  

- a dramatic growth of organic waste is recorded every year as a result of global 
population growth (MOHAMMAD, J. et al. [8]); 

- it allows the use of secondary products obtained from agriculture, food industry waste, 
household waste, animal manure from livestock; waste management is environment-
friendly and mitigates pollution; 

- food crises and increasing prices could be prevented: the cereals will only be used to 
feed people and animals (VINTILĂ, T. et al [9], VINTILĂ, T. et al [10]); 

- it helps to reduce odours generated by the aerobic decomposition of manure;  
- it reduces greenhouse gas emissions and global warming (VINTILĂ, T. [1]); 
- it allows easy storage of organic fertilizer, previously treated by anaerobic digestion 

(high quality fertilizer for agriculture);  
- it ensures energy security and reduces dependence on fossil fuels; 
- it contributes to socio-economic development by creating jobs in developing areas. 

The production of biogas is carried out in special facilities which comprise of several 
structural elements, their number and complexity being determined by the type and size of the 
installation, and by the biogas destination.  

For the process to take place, it is necessary that the action of bacteria should 
transform the biodegradable organic matter into intermediate compounds, used by the 
methanogenic bacteria. In order to allow the simultaneous growth of all involved bacteria, the 
reaction medium conditions should be appropriate for each group of bacteria. The growth and 
reaction rate of anaerobic bacteria is low, therefore it is necessary to maintain the optimal 
reaction medium conditions: 



 
Main factors affecting biogas production - an overview 

Romanian Biotechnological Letters, Vol. 19, No. 3, 2014                                                  9285 

- acidogenic bacteria, using simple organic compounds as a sublayer, the freed from the 
hydrolytic bacteria produce short chain organic acids which are the sublayer of the 
next bacteria groups;  

- acetogenic bacteria (OPHA),  the producing  hydrogen binding using as sublayer 
products of acidogenic bacteria giving rise to acetate, hydrogen, and carbonic 
anhydride; 

- homoacetogene bacteria that synthesize acetate starting from carbonic anhydride and 
hydrogen; 

- metanogene bacteria differentiated into two groups: 
 a) those that produce methane and carbon dioxide from acetic acid, called 
acetoclastice; 
 b) those which produce methane and carbonic anhydride starting from hydrogen,  
called hydrogenotrofe. 
The interactions between different species of bacteria are very tight, and the elements 

produced by some species can be used by other species as sublayers or growth factors. Figure 
1 shows the simplified process of anaerobic digestion. 

 

 
Figure 1. The key process stages of anaerobic digestion [11]. 

 
The main factors in the production of biogas have been identified as:  

1) Sublayer composition; 
2) Temperature inside the digester; 
3) Retention time; 
4) Working pressure of the digester; 
5) Fermentation medium pH; 
6) Volatile fatty acids (VFA).   
 

3. Results and discussions  
 3.1. Sublayer composition  

The feedstock used to produce biogas through anaerobic fermentation process 
(digestion) should ensure a favourable environment for the development and optimal 
metabolic activity of microorganisms involved in the process.  
The fermentation medium must fulfil several important conditions: 

- Contain biodegradable organic matter; 
- Have a pH between 6.8 – 7.3; 
- C/N ratio should be between 15 and 25; 
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- Should not contain inhibitory substances for microorganisms (detergents, antibiotics, 
antiseptics, etc.). 
The most used types of sublayers in biogas technology are represented by: manure, 

residues or by-products from agriculture, energetic crops (corn, rye, Miscanthus, sorghum 
etc.), organic waste from food industry (of plant and animal origin), organic fraction of 
municipal solid wastes, wastewater from food industry and zootechnics, sludge from 
wastewater treatment plants, food waste. Table 3 summarizes the main features of some types 
of biodegradable raw materials.  

 
Table 3- Specific biogas production potential and methane content for several sublayers 

 (after VINTILĂ T, [1], NIKOLIĆ V, VINTILĂ T, [7]) 

 
Depending on the dry matter content of the sublayers, the processes of anaerobic 

digestion are classified in: dry digestion processes (sublayers containing   2 - 15% DM) and 
wet digestion processes (sublayers containing 25 - 45% DM), [12]. 

In table 4 are shown the advantages and disadvantages of the dry and wet digestion.  
In the case of dry digestion, not water is added to the substrate, or very little. Dry 

digestion is specific to energy crops and silage materials.  
 

 
Table 4 - Comparison between wet and dry digestion, [12]. 

 
Processing mode Dry Wet 

Total solids content High 25-45% Low  2-15% 
Reactor volume Minimized Increased 

Transport engineering Expensive Simple 
Stirring Difficult Easy 

Foam generation Low risk High risk 
Short circuit flow Low risk High risk 

Solid liquid separation Simple Expensive 
Variety waste components Low High 
 
 

 
Sublayer 

Average dry matter 
(DM)content 

S.U.% 

Biogas potential 
l/kg S.U. 

Methane content 
% 

Wheat straws 86,5 367 78,5 
Barley straws 84 380 77 
Lucerne 22,5 445 77,7 
Grass 16 557 84,0 
Corn silage 34 108 52 
Corn stalks 86 309 - 
Dried leaves  12,5 260 58,0 
Beet leaves 13,5 501 84,8 
Poultry wastes 27,5 520 68,0 
Cattle manure 14 260 - 280 50 - 60 
Horse  dung 27,5 200 -  300 66 
Sheep  dung 25 320 65,0 
Pig  manure 13,5 480 60,0 
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A. Lignocellulosic substance 
 

 
 
 
 
 
 
 
 

B. Cellulose microfibril 
 
 
 
 

                        
 
 
 
 

C. Sugar molecules 
 

Figure 2. Representation of a lignocellulosic material (adapted from RITTER, S.K. 2008 
[16]) 
 

Energy sublayers which can be purchased at affordable prices and can be used in 
sustainable biogas plants are represented by products from agriculture, such as straw, 
agricultural residues and maintenance materials of the landscape (Gerat H, et al [13]). These 
lignocellulosic sublayers have a low biodegradability, and low energy content, therefore, 
before use in anaerobic digestion should to apply  pretreatment their, to break the polymers 
compact, in simple components easily digested (Vintila T, et al, [14]). 

Pretreatment is aimed at maximizing the yield of fermentable monosaccharides from   
cellulose and hemicellulose structure and hence at maximizing the hydrolysis rate 
(SEGNEANU ADINA ELENAet al [17]).  

To increase the availability of this type of biomass for anaerobic digestion, there are 
appropriate pretreatment techniques. Table 5 shows the main methods of pretreatment of 
lignocellulosic materials. 

 

Glucose 

Hemicellulose 

Lignin 

Cellulose 



 
PAUL DOBRE, FARCAŞ NICOLAE, FLORENTINA MATEI 

9288                                                   Romanian Biotechnological Letters, Vol. 19, No. 3, 2014 

 
 
 

Table 5 - Methods of pretreatment of lignocellulosic materials  
(after TAHERZADEH M. J., KARIMI K., 2008  [18])  

Nrc
rt 

Pretreatment 
method 

Processes Possible changes in 
biomass

Notable remarks 

 
1 

Physical 
pretreatments 

Milling  (ball milling; two-roll 
milling; hammer milling; 
colloid illing; vibro energy 
milling) 

 
 
- Increase in 
accessible surface 
area and pore size;  
- Decrease in 
cellulose 
crystallinity;  
- Decrease in degrees 
of polymerization. 

 
- Most of the methods are 
highly energy-
demanding;  
- Most of them cannot 
remove the lignin;  
- It is preferable not to 
use these methods for 
industrial applications;  
- No chemicals are 
generally required for 
these methods. 

Irradiation (gamma-ray 
irradiation; electron-beam 
irradiation; microwave 
irradiation) 
Other methods 
(hydrothermal: high pressure 
steaming; expansion; 
extrusion; pyrolysis) 

 
2 

Chemical and 
physic-
chemical 
pretreatments 
 

Explosion ( steam explosion 
;ammonia fiber explosion 
(AFEX); CO2 explosion; SO2 
explosion) 

- Increase in 
accessible surface 
area;  
- Partial or nearly 
complete 
delignification;  
- Decrease in 
cellulose 
crystallinity;  
- Decrease in degrees 
of polymerization;  
- Partial or complete 
hydrolysis of 
hemicelluloses. 

 
 
- These methods are 
among the most effective 
and include the most 
promising processes for 
industrial applications;  
- Usually rapid treatment 
rate;  
- Typically need harsh 
conditions;  
- There are chemical 
requirements. 

Alkali (sodium hydroxide; 
ammonia; ammonium sulfite) 
Acid  (sulfuric acid;  
hydrochloric acid; phosphoric 
acid) 
Gas ( chlorine dioxide; 
nitrogen dioxide; sulfur 
dioxide) 
Oxidizing agents (hydrogen 
peroxide; wet oxidation; 
ozone) 

 
3 

Biological 
pretreatments 

 
 
Fungi and actinomycetes 

- Delignification;  
- Reduction in degree 
of polymerization of 
cellulose;  
- Partial hydrolysis of 
hemicelluloses. 

- Low energy 
requirement;  
- No chemical 
requirement;  
- Mild environmental 
conditions;  
- Very low treatment 
rate ; 
- Did not consider for 
commercial application. 

 
The DM content of the sublayer as well as its content of sugars, fat and proteins, 

determine the type and quantity of raw materials necessary to establish the mixture of 
sublayers for anaerobic digestion. 

One of the main criteria for assessing the different sublayers for anaerobic digestion is 
the potential for methane production [19]. Figure 3 shows the methane production provided 
by several organic sublayers.  
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Figure 3. Benchmarks for specific methane yields (PREIßLER, D. & al. 2007 [20]) 
 
             

Table 6- Metanogenic ability of various raw materials mixtures  
(after NIKOLIĆ, V., [6], NIKOLIĆ, V., VINTILĂ,T., [7]) 

Name feedstock Mixing ratio in % Biogas 
l/kg S.O. 

To increase of 
calculation % 

Cow manure 100 380 - 
Pigs manure 100 569 - 
Poultry manure 100 617 - 
Sewage sludge 100 265 - 
Grasses 100 277 - 
Cow  manure + pigs  50 - 50 510 + 7,5 
Cow manure + birds 50 - 50 528 + 6 
Cow manure + sewage sludge 50 - 50 407 + 26 
Cow manure + grasses 50 - 50  363 + 5 
Pigs manure +  birds  50 - 50 634 + 7 
Cow  manure + pigs + birds  25 – 50 - 25 585 + 9,6 
Birds manure + sewage sludge 50 - 50 495 + 12,3 
Birds manure + grasses 50 - 50 513 + 13,5 
Sewage sludge + grasses 50 - 50 387 + 42 

 
In the anaerobic digestion process, the sublayers can be used as single source of 

nutrients, or in combination with other co-sublayers. In practice it appeals to co-digestion of 
manure with other sublayers, which have greater potential for methane per volume of sublayer 
(ASAM et al., [21]).  Research has shown that the use of co-sublayers in anaerobic digestion 
systems improves biogas yield by positive synergies established in the digestion and nutrients 
supply to the lack of co-sublayers. It has been found that in fermentations using combinations 
of sublayers, the, biogas production potential expressed in l/kg organic dry matter (ODM) is 
higher than the arithmetic mean of the biogas production potential in single-sublayer 
fermentations (NIKOLIĆ, V., [6], NIKOLIĆ, V., VINTILĂ,T., [7]). Table 6 shows 
metanogenic ability of various raw materials mixtures. 

Commonly the manure has a high ammonia concentration that has an inhibitory effect 
over the methanogenic bacteria. The addition of plant material (agricultural by-products, 
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energy crops etc.) as co-sublayers increases biogas production because: the manure insures 
the buffering capacity and a wide range of nutrients, while the plant material with a high 
carbon content balances the ratio C/N, thereby reducing the risk of inhibition of ammonia 
(LEHTOM¨AKI et al., [22], WEI WU [23]).  

The ratio of content carbon and nitrogen (C / N) of the raw material is essential in the 
production of biogas. The optimal C/N ratio is expected to be in the range 15 – 25 when the 
anaerobic digestion process is carried out in a single stage, and for the situation when the 
process develops in two steps, the optimal C/N ratio will range: for step I: 10 – 45; for step II: 
20 – 30, [24]. Table 7 shows the carbon content, nitrogen content and C/N ratio for some 
materials used in the production of biogas. 

 
             

Table 7 - Content carbon and nitrogen and C/N ratio in several sublayers used in biogas 
production (after NIKOLIĆ, V. [6], NIKOLIĆ, V., VINTILĂ, T. [7]) 

Organic substrat  Carbon content % Nitrogen content % C/N ratio 
Various herbs 15 0,6 25 
Wheat straws 46 0,53 87 
Barley straws 42 0,75 56 
Rice straws 42 0,63 67 
Corn cobs 40 0,75 56 
Lucerne 48 2,6 18 
Tree leaves 41 1,0 41 
Potato stalks 40 1,2 22 
Stalks of soy and bean  41 1,3 32 
Sheep dung 16 0,55 29 
Cow  manure 7,3 0,29 25 
Horse  dung 10 0,42 24 
Pig  manure 7,8 0,65 13 
Chicken waste 45 3,0 15 

 
The C/N ratio of different biodegradable sublayers and the optimal C/N ratio achieved 

in the fermentation medium are the guiding criteria in the formulation of fermentation media 
for biogas production. 

Ratio nutrient C: N: P: S indicated in the two-step process is as follows: step I - 500: 
15: 5: 3; step II - 600: 15: 5: 3 [24]. 
 

3.2. Temperature 
 
Temperature choice and control are critical to the development of anaerobic digestion 

process, having a strong influence over the quality and quantity of biogas production. The 
microorganisms participating in the process of anaerobic digestion (especially methanogenic 
ones), are divided into three large categories: 

• Cryophiles (Psychrophiles), operating at temperatures from 12 to 24°C, digestion 
characteristic area under cryophilic regime; 

• Mesophiles, operating at temperatures between 22-40°C, characteristic area for 
mesophilic regime digestion; 

• Thermophiles, operating at temperatures between 50 – 60°C, characteristic area for 
thermophilic regime digestion (VINTILĂ, T., NIKOLIĆ, V., [14]). 



 
Main factors affecting biogas production - an overview 

Romanian Biotechnological Letters, Vol. 19, No. 3, 2014                                                  9291 

Figure 4 shows graphs characteristic of the three temperature regimes. It is noted that 
the higher growth rate of the methanogenic bacteria is placed in the thermophile range, 
therefore many modern biogas plants run at temperatures contained in this range. 

At the University from Alaska Fairbanks, in the framework of experimental activities,  
a digester of 1000 litres produced between 200-300 litres of methane per day using the 
cryophiles microorganisms harvested from “mud  from a frozen lake from Alaska”, about 20-
30% of the digesters production from the warmer climates areas (GUPTA, SUJATA, [25]). 

The advantages of anaerobic digestion conducted under thermophilic regime 
compared to mesophilic or cryophilic regime are: 1) more reduced retention time (HRT), the 
digestion process being faster and more efficient; 2) better digestion of solid sublayers and 
their more efficient use; 3) effective destruction of the weeds seeds and pathogens; 4) better 
possibility for separation of liquid and solid fractions. 

The anaerobic digestion under thermophilic regime also has drawbacks: 1) higher 
energy consumption due to higher temperatures; 2) higher instability degree; 3) higher risks of 
ammonia inhibition. 

Inhibition with ammonia is directly influenced by temperature, increasing 
simultaneously with the temperature. Inhibition reduction can be achieved by selecting a 
lower operation temperature. It should be noted that a lowering of the temperature below 
500°C, the rate of growth of thermophilic micro-organisms will greatly decrease, and the risk 
of their removal may occur due to a growth rate lower than the hydraulic retention time at a 
time (ANGELIDAKI et al, [26]). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The growth rates of methanogenic micro-organisms for the three  
temperature regimes ( after ANGELIDAKI, 2002) 

  In the thermophilic range, high temperature causes higher rates of biochemical 
reactions and implicitly an increase in the yield in biogas methane, higher solubility and lower 
viscosity. 

The higher energetic consumption of the termophilic process is offset by the higher 
productivity of  biogas.  

It was found that thermophilic methanogenic bacteria are much more sensitive to 
temperature fluctuations (+/- 10 C), requiring a longer period to adapt to the new temperature 
to achieve maximum productivity in biogas, while the bacteria mesophilic endure temperature 
fluctuations of +/- 30 C, without a significant influence of biogas production.    
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The practice has proved that the hydraulic lower retention time or at a higher load, the 
thermophilic digesters have a higher productivity and a better conversion rate than the 
mesophilic ones. 

 
3.3. The hydraulic retention time (HRT) and the retention time of the solids 

(SRT) 
 
The two parameters have major importance in the design of biological treatment 

processes. The hydraulic retention time (HRT) it is the average range in which the sublayer 
for anaerobic digestion process is retained in the digester, in contact with biomass (bacterial 
mass). Sublayers  containing simple compounds are easily decomposed and requires a short 
HRT, while sublayers containing complex compounds are harder decomposed and require a 
longer HRT. 

The retention time of the solids (SRT) is the measure of the biologic system capability 
to reach certain standards concerning the effluents and/or to maintain a satisfactory rate of 
pollutants biodegradation [12]. SRT controls the microbial mass in the reactor in order to 
obtain a degree of waste stabilization. Maintaining a high SRT determine a more stable 
running, a tolerance better to toxic and shock loads and a quick recovery after toxicity. After 
SPEECE (1996) [27] HRT is a key factor in the design process anaerobic digestion for 
digestible and hard complex organic pollutants, while SRT is the control parameter in the 
design process for readily digestible organic elements. For the microorganisms slow-growing, 
such as methanogenic bacteria, required be prevented their removal from the reactor, to yield 
a longer SRT. The digesters provided with stirrers, without solids separation and their recycling, 
could suffer frequent failures due to excessive removal of microbial mass, unless they are 
maintained long HRT [12]. However a long HRT involves a larger volume of the reactor and 
additional thus costs. Much types of high speed anaerobic digesters can maintain very long SRT 
due to immobilization of microbial mass or congestion. These digesters work with short HRT, 
without risk of microbial mass removing. HRT is determined by the volume of the digester and 
the amount of sublayer loaded per unit of time, according to the equation [19]: 

  HRT =   [days], 

where: HRT – hydraulic retention time [days]; Vr – digester volume [m3]; Vs – amount of  
sublayer loaded per time unit [m3/t]. 

Retention time is chosen so to ensure the condition that number of the removed 
microorganisms with the digestate (digested material) may not be greater than the number  
those resulted by duplication (duplication rate of anaerobic microorganisms involved in 
biogas production is at least 10 days) [19].  A short retention time determines a better flow 
rate of the raw material, but a in biogas low productivity. Therefore the retention time must 
adapt to decomposition rate of the raw materials used. 

 
3.4. Working pressure in the fermenter  
 
In the production process of biogas, pressure is of great significance. The experiments 

have shown that when hydrostatic pressure in which the operating methanogenic bacteria 
increase over 400 - 500 mm H2O, biogas production ceases (NIKOLIĆ, V., [5], NIKOLIĆ, 
V., VINTILĂ, T., [7]). She is resumed when the hydrostatic pressure falls below the 
mentioned value. This need must be taken into account in the digesters design. 

To digesters vertically disposed, where the height can reach tens of meters, release 
biogas is produce only up to maximum depth 4 - 5 m (the hydrostatic pressure of less than 



 
Main factors affecting biogas production - an overview 

Romanian Biotechnological Letters, Vol. 19, No. 3, 2014                                                  9293 

400 - 500 mm H2O), and the rest of the area occupied by the substrate does not produce 
biogas, which is why it is necessary to periodically bring  to surface the material  under  the 
limit of reaction, by the stirring continued. Elimination of this shortcoming is done by using 
horizontal-flow digesters, where the substrate height it not exceed 3.5 m, situation where 
biogas release occurs throughout the mass the material digest. 
 

3.5. The reaction medium pH 
 
In anaerobic digestion all life processes are carried out at well-defined values of pH. 

The pH of the optimal hydrolitic stage is between 5 - 6 (CASTILLO et al, [28], VAVILIN et 
al, [29], VEEKEN et al, [30]) and for methane production stage, the optimal pH value varies 
between 6.5 – 8 (CONVERTI et al [31]). If the pH value decreases below 6, methane 
production is strongly inhibited.  

In the hydrolytic stage, the acidogenic bacteria require a pH in the range 5.5 – 7.0 
(NIKOLIĆ V.  [6]), and in the final stages, methanogenic bacteria require a pH value ranging 
between 6.5 - 8.0. A major limitation to the processing of organic sublayers through the 
process of anaerobic digestion in a single phase, is a lower value of pH in the reactor due to 
rapid acidification by production of volatile fatty acids (VFA) (LANDINE et al, [32]). This 
effect hinders and inhibits the activity of methanogenic bacteria. At digesters operating in a 
single phase with full mixing of the sublayer, the pH must meet the requirements of the 
populations of micro-organisms that coexist in the digester. 

The biogas processing systems which process the substrate by anaerobic digestion in 
two stages are different against the one stage process by the separation of the hydrolitic 
step from the methanogenic step; this separation is more efficient  and the biogas yield is 
higher (MATA A., MACÉ S., LLABRÉS P., [33]). 

In this case the optimal value of the pH is situated between the following limits: in 
the first step pH = 5.2-6.3 and in the second step the pH = 6.7 - 7.5 [31]. In the mean time it 
should be underlined the fact that the two steps processing systems possess in many cases 
separate digester in order to retain the suspended particles during the acidogenic phase. For 
this systems the acidogenic step is short, while the metahonogenic step is long. It has been 
considered that the two steps systems are sensible when the organic charge is high and 
costly in the mean time (DEMIREL B, YENIGUN O. [34]). 

The functioning and monitoring of the two steps systems is kind of complicate and 
the acidogenic reactor effluent's characteristics (pH, VFS and nutrients) must be adjusted 
before the metanogenic reactor charging (BABEL S, FUKUSHI K, SITANRASSAMEE B. 
[35]). 

The temperature of the reaction medium influences the pH value. While the 
temperature is increasing, the carbon dioxide solubility decrease; this is why in the case of 
thermophilic digesters the pH value is higher than in the mesophilic ones where the carbon 
dioxide will dissolve easier and will produce carbonic acid in reaction with the water, 
increasing the acidity. 

During the digestion process, the pH value may increase because of the ammonia 
presence resulted either by the protein degradation or by its presence in the charging flux; 
also it can decrease if VFA will accumulate in the reaction medium. It is essential that the 
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reaction medium provide sufficient buffering capacity to neutralize VFA accumulation 
(NEVES et al, [36]). 

In the anaerobic digester, generally, the pH value is controlled by the bicarbonate 
buffer system which depends on the partial pressure of the carbon dioxide and on the 
presence of the basic or acid components in the reaction medium. Depending on the acids 
or bases accumulation the buffer system acts and attenuates the pH changes. If the buffer 
capacity of the system is exceeded will appear major changes of the pH value and the 
process will be inhibit partially or totally. 
 

4. Conclusions 

1. Raw material for anaerobic digestion comes from very different biomass sources and it 
must meet certain requirements such as: 

-  Contain biodegradable organic matter; 
- Have a pH between 6.8 to 7.3; 
- Have an optimal C/N ratio for the development of the microorganisms; 
- Should not contain inhibitory substances for microorganisms. 

2. For lignocellulosic sublayers it is necessary to apply previous treatments in order to 
decompose compact polymers into simpler, easy to digest components [14] (Figure 2, 
[16]). 

3. The use of co-sublayers in anaerobic digestion systems improves biogas yield by positive 
synergies established in the digestion and nutrients supply to the lack of co-sublayers. It 
has been found that in fermentations using combinations of sublayers, the, biogas 
production potential expressed in l/kg organic dry matter (ODM) is higher than the 
arithmetic mean of the biogas production potential in single-sublayer fermentations. 

4. The ratio of content carbon and nitrogen (C / N) of the raw material is essential in the 
production of biogas. The optimal C/N ratio is expected to be in the range 15 – 25 when 
the anaerobic digestion process is carried out in a single stage, and for the situation when 
the process develops in two steps, the optimal C/N ratio will range: for step I: 10 – 45; for 
step II: 20 – 30. 

5. Temperature choice and control are critical to the development of anaerobic digestion 
process, having a strong influence over the quality and quantity of biogas production. The 
microorganisms participating in the process of anaerobic digestion (especially 
methanogenic ones), are divided into three large categories: Cryophiles, Mesophiles, 
Thermophiles. In the thermophilic range, high temperature causes higher rates of 
biochemical reactions and implicitly an increase in methane. The higher energetic 
consumption of the termophilic process is offset by the higher productivity of biogas. 

6. The hydraulic retention time (HRT) is a key factor in the anaerobic digestion process 
design. A short HRT produce a good rate of the raw material flux, but a reduced biogas 
productivity. A long HRT requires a higher reactor volume and consequently additional 
costs. The HRT is established depending on the digester volume and the loaded substrate 
volume in time unit. The high speed anaerobic digesters which can maintain very long 
solids retention times (SRT) because of the bacterial biomass immobilization or 
overcrowding, works with short HRT and low costs. 
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7. In anaerobic digestion all life processes are carried out at well-defined values of pH. If the 
pH value decreases below 6, methane production is strongly inhibited. 
In the hydrolytic stage, the acidogenic bacteria require a pH ranging between 5.5 -7.0 and 
in the final stages, methanogenic bacteria require a pH value ranging between 6.5 - 8.0. 
For biogas system in two stages, i.e. the hydrolytic step is separated from the 
methanogenic step, pH value for the first stage is between: 5.2 – 6.3, and for the second 
stage between: 6.7 – 7.5. 
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