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Abstract: Anaerobic digestion is the biodegradation of the organic waste with the aid of bacteria which performs it work in 

the absence of oxygen. The main objective of anaerobic digestion is the degradation and destruction of organic substances, 

with consequent reduction of the pathogens. & odorous emissions. Anaerobic digestion process consists of four major steps: 

hydrolysis, acidogenesis, acetogenesis an methanogenesis vegetable wastes are a fine substrate with possibility to produce 

methane and are available. In abundance This work reviews the various parameters affecting the biodigestion process. A 

careful consideration when selecting the working method parameter such, organic loading rate (OLR), C/N ratio, Gas 

production rate inoculums to substrate ration (ISR) temperature & pressure hydraulic retention time, Electricity generation 

calculations are given. Improvement in C/N ratio, higher bio-degradability, effective volatile solids (VS) elimination, eco-

friendly sludge production has been regarded as advantage of co-digestion process. 

Keywords: Parametric Evaluation, Energy Recovery, Renewable Sources, C/N Ratio, Organic Loading Rate, Biogas, 

Methane, pH 

 

1. Introduction 

IBiodigestion or anaerobic digestion (AD) is a organic 

process that occur as organic material is decomposed by 

bacteria in the absence of oxygen. As the bacteria decompose 

the organic matter, biogas is formed and captured. Biogas 

mainly consists of about 60 % methane and 40% carbon 

dioxide. The remaining byproduct is called Digestate. 

Biogas can be combusted to give heat &, electricity. while 

the biogas can be upgrade to natural methane, called 

biomethane, by removing other gases. This pure flow of 

biomethane can be used as a alternate for natural gas. 

Digestate which is the extra material in the AD process. 

contain precious plant nutrients like nitrogen and potassium. 

& can be used as a soil conditioner & fertilizer 

Anaerobic digestion is a activity in which organic material 

is broken down by bacteria & microorganisms in the absence 

of oxygen. The process is used for domestic or industrial 

purposes to produce fuels or to manage waste. It is a source 

of methane and occurs naturally in soils and in lake and 

ocean basin sediments. 

The digestion process starts with hydrolysis of the 

feedstock. Insoluble organic polymers like carbohydrates, are 

broken down to soluble derivatives that become available for 

other bacteria. Acidogenic bacteria then converts the sugars 

and amino acids into carbon dioxide, hydrogen, ammonia, 

and organic acids and resulting organic acids into acetic acid. 

Finally Methanogens convert these products to methane & 

carbondioxide 

Anaerobic digestion is extensively used as renewable 

energy source. The process produces a biogas, consisting of 

methane & carbon dioxide and some amount of other 

‘contaminant’ gases. This biogas can be used directly as fuel, 

in combined dual fuel or gas engines
]
 or upgraded to natural 

gas-quality bio-methane. The nutrient-rich digestate left as 

bye product can be used as fertilizer. 

2. The Biogas Production Process 

Process stage 

The anaerobic digestion activity consists of four steps s i.e 

hydrolysis, acidogenesis, acetogenesis and methanogenesis. 
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respectively The complete process can be denoted by the 

chemical reaction, in which organic material such as glucose 

is converted into carbon dioxide (CO2) and methane (CH4) 

by the anaerobic bacteria 

CH12O6 → 3CO2 + 3CH4                            (1) 

 

Figure 1. The Main Stages in Biogas Production. 

2.1. Hydrolysis 

Generally, biomass consists of large organic polymers., 

these chains must first be broken down into their smaller 

constituent parts so that bacteria in anaerobic digesters starts 

working on them. These constituent parts, or monomers, such 

as sugars, are readily available to other bacteria. Hydrolysis 

involves the process of breaking these chains and dissolving 

the smaller molecules into solution 

2.2. Acidogenesis 

It is the further breakdown of smaller molecules obtained 

as a result of hydrolysis by acidogenic bacteria. It results in 

formation of volatile fatty acids along with ammonia, carbon 

dioxide, and hydrogen sulfide. The process of acidogenesis is 

similar to the way milk sours 

2.3. Acetogenesis 

The third step in anaerobic digestion is acetogenesis. In 

this stage vfa obtained during the acidogenesis phase are 

reacted by acetogens to produce acetic acid, along with 

hydrogen and carbon diox 

2.4. Methanogenesis 

The final step of anaerobic digestion is methanogenesis. 

Here, methanogens convert acetic acid into into methane, 

carbon dioxide, and water. These components make up the 

majority of the biogas emitted from the system. 

Methanogenesis occurs between pH 6 and pH 8.5. The 

remaining, indigestible material the bacteria cannot use is 

known as digestate.. 

3. Factors Affecting the Anaerobic 

Digestion Process 

3.1. Organic Loading Rate 

The organic loading rate is important for efficient 

breakdown of materials it is the amount of solids added into 

the digester per unit volume per day and is generally denoted 

as OLR kg VS/L.d. the loading rate helps in determining the 

amount (mass) of feed stockto be added in a digester per day 

depending on the volume or size of digester to yield 

maximum biogas. The knowledge of the OLR for a particular 

plant helps since feeding over the OLR doesn’t necessarily 

result inan increase in the gas produced. In a study to 

improve the biogas production for, the OLR was reported to 

be 2.4-2.51 g/L. d for different digesters. 

3.2. C: N Ratio 

The relationship between the amount of carbon and 

nitrogen present in feedstock is represented by the C/N ratio. 

It is a very important process parameter of the process as a 

low ratio can cause ammonia inhibition whereas a high ratio 

will lead deficiency (The adjustment of the ratio to be within 

the optimum range (25-30) can be achieved through the co-

digestion of different waste streams Optimum C/N ratios in 

anaerobic digesters are between 20 & 30. A high C/N ratio 

results in lower gas production because of rapid consumption 

of nitrogen by methanogens and results in lower gas 

production. On the other hand, a lower C/N ratio causes pH 

values exceeding 8, and ammonia accumulation which is 

toxic to methanogenic bacteria. Optimum C/N ratios of the 

digeste rmaterials can be achieved by mixing materials of 

high and low C/N ratios, such as organic solid was temixed 

with animal manure or sewage. 

3.3. Gas Production Rate 

3.3.1. Effect of pH Alteration in Biogas 

The pH value is represented as the logarithm of the 

reciprocal of the hydrogen ion concentration in gm 

equivalent per litre of solution. pH value in the range 0-7 

represents acidic solution and in the range 7-14 indicates the 

alkaline solution. The bacteria present during biodigestion 

require a neutral or mildly alkaline environment – a too 

acidic or too alkaline environment damages the bacteria. 
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Ideal pH value is between 7.0–8.0 but can go up or down by 

a further 0.5. In the initial stages of of digestion, the pH value 

may be around 6.0 or less, however during final stage when 

the pH value higher than 7.0 is maintained since methane 

formers are sensitive to acidity. The pH value depends on the 

ratio of acidity and alkalinity and the carbon dioxide content 

in the digester, the determining factor being the density of the 

acids. Under normal process of digestion, the concentration 

of acetic acid should be below 1800 parts per million too 

high a concentration will greatly slows down the action of the 

methanogenic microorganisms. The survival of 

methanogenic bacteria also depends on the acidity of the 

environment that they are in: methanogenesis requires a near-

neutral pH (between 6.5 and 7.5). With a decrease in pH gas 

production slows down and can lead to accumulation of 

acids. 

3.3.2. Temperature & Pressure 

The temperature in anaerobic digestion greatly affects the 

biogas production. The methane forming bacteria works best 

in the temperature between 30°C to 40°C or between 48°C to 

60°C and pressure of about 1.2 to 1.4 bars absolute. This is 

due to fact that two different types of bacteria expands best in 

these two different ranges, but the high temperature bacteria 

are much more sensitive to ambient influences. The rate of 

gas production increases with the increase in temperature but 

the percentage of methane reduces. It is found that 

temperature between 30°C-35°C are most efficient for stable 

and continuous production of methane. If this range is not 

maintained, Biogas produced will have a higher percentage 

of carbon dioxide and other gases than within this range. The 

biogas production is fastest during summer and it decreases 

during winter due to lower temperature. Below 20°C 

temperature the rate of gas production falls sharply and it 

almost stops at about 10°C. Also methanogemic bacteria are 

sensitive to changes in temperature, a sudden change 

exceeding 30°C will affect production, and therefore one 

must ensure relative stability of temperature. Thus, in cold 

climates, it digester is heated to about 35°C. There are three 

digestion operational temperature ranges. Thermophilic 

digestion occurs above 45°C. Between 25°C and 45°C it is 

mesophilic digestion and Psychrophilic digestion occurs at 

below 25°C, or below room temp 

3.3.3. Inoculum (ISR) 

Inoculum which is also called seeding is adding a substance 

into a digester for assisting the anaerobic digestion process by 

providing the necessary bacteria for the biodegradation. Slurry 

from previous digestion can be used, cattle, chicken, pig 

manure, and slurry from waste water treatment plants can be 

used. The ratio at which it is added in respect to the substrate is 

called inoculum substrate ratio (ISR). This ratio is very 

important as it can either hinder or enhance r the complete 

digestion of the substrate and thus resulting in low and high 

biogas and methane yields respectively. 

3.3.4. Hydraulic Retention Time 

Hydraulic retention time is the time the solids or slurry 

remains inside the digestorr during the anaerobic climate 

digestion process. HRT differs depending on type climates 

HRT can go as high as 100 days. The longer retention period 

needs large of substrate and condition with which the 

anaerobic digestion is performed. For example in tropical 

climate countries have shorter HRT between 30-50 days, 

whereas in colder size digestor and it allows more digestion 

of feedstock. for a single-stage thermophilic digestion, 

retention times is normally takes around 15 days. While in a 

two-stage mesophilic digestion, retention time iaries between 

15 and 40 days. 

3.3.5. Nutrients 

The microorganisms require 

Micronutrients for their growth and stability. Some of the 

nutrients are readily available in most of the substrates, but 

an addition may be needed when necessary. Nitrogen 

phosphorus and trace elements such as calcium, sulphur, 

magnesium, potassium, nickel, iron, zinc, cobalt, copper and 

manganese are good source of nutrients Addition of these 

nutrients will lead to improved digester performance and 

result in improved methane production. 

3.4. Electricity Generation Calculation 

1 kg waste yields 0.35cm
3
 of Bio-gas 

1m
3
 of Biogas yields 23M joule of electricity 

Various methods are available. To generate electricity from 

bio gas In principle, the chemical energy of the combustible 

gases is converted to mechanical energy in a dual fuel engine. 

This mechanical energy then activates a generator to produce 

electrical power. 

The efficiency of engine is 25 percent and efficiency of 

generator is 80 percent 

Thus in order to produce Electricity for 100m3 of biogas 

the amount of Biogas practically required is 

100/0.25*0.8=500m
3 

4. Conclusion 

This review shows the various parameters that affect a Bio 

digestion Process. Organic loading rate which is amount 

(mass) of feed stock to be added in a digester per day 

depending on the volume or size of digester to yield 

maximum biogas after this. Optimum C/N ratios is required 

for maximum yield of Biogas & is obtained by mixing 

materials of high and low C/N ratios, such as organic solid 

waste mixed with animal manure...Optimum level of 

temperature and pressure is also required for high production 

rate of gas besides this pH level also plays a important role in 

Bio-digestion Process. Other factors like Inoculum & 

hydraulic retention time also affect the Bio-digestion process. 
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