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ABSTRACT: Anaerobic digestion is the greatest substantial to treat waste and generates renewable 

energy. For many decades this process plays a central role in research that alter waste into energy. It 

describes the phase of anaerobic digestion and its operating parameters for the digesters. It also gives 

the quantitative evaluation of the anaerobic digestion, which develops the method of effectiveness for 

treating the substrate. Parameters play a crucial role in anaerobic digestion. On the other side, many the 

people who are concerned with its studies found the best criteria for applying the certain scales. In this, 

we discussed many factors that are linked with the anaerobic digester operations that ensured to 

maximize its efficiency and its effectiveness. Various applications of anaerobic need to lessen the cost 

and time of it. Factors that are linked with it speed up the process and help to enhance the yield of bio 

energy production. 
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INTRODUCTION 

 Digestion in the absence of oxygen   is a 

procedure that was adopted by the researchers for many 

years ago. It is considered a supportive tool to fabricate 

renewable energy. The research on the digestion in the 

absence of oxygen was developed   over many years, it is 

helpful in the latest research for the optimization of 

anaerobic digestion under different environment for 

digestion. (meegoda et al, 2018). The anaerobic digestion 

is a course to convert the formation of biogas by the 

decomposition of the organic compound in the absence of 

oxygen. It is the organic matter that forms with 

carbohydrates, proteins, lipids and other compounds. 

Then these organic matters convert into methane, carbon 

dioxide and anaerobic methane. This biological practice 

helps to treat the waste and wastewater to generate the 

biogas (Zeb et al, 2013). 

 The rate of the anaerobic digestion is influenced   

by the many applicable scales like temperature, pH level, 

C/N ratio, organic loading rate, hydraulic retention time 

and evaporation of the lipids (Kainthola, et al, 2019). In 

the 21st century, many challenges occur due to 

environmental pollution and energy protection. The 

energy resource from biomass has most necessary for the 

future the conventional energy sources. The agriculture 

remains consumption for generating the energy has 

received lots of concentration (Kainthola, et al, 2019). To 

understand the phenomenon of the anaerobic digestion 

the research is done on the stored fruits. The new interest 

in source of the renewable energy has participated to the 

research of digestion in the absence of the oxygen 

(meegoda, et al, 2018). In the early 10th century B.C.E in 

Assyria and Persia indicate that biogas was used for 

warm up the bathing water. In the Middle Ages, jean 

Baptiste Van Helmond monitor that combustible gas was 

produced to disintegration of compound having organic 

nature in the water. Then later Alessandro Volta conducts 

experiment on the flammable gaseous material was 

identified at marshy place. It is observed that there is an 

immediate relation among the decomposed hydrocarbon 

compound to the formation of the gas.  (Meegoda, et al, 

2018). 

 The best gain of the anaerobic procedure is that 

it is low in cost, no energy consumption and simple in 

operations. It has low production of the solids and it is 

highly associated to favorable environmental conditions. 

In the 17th century, the Robert Boyle and Stephen hale 

formed the manufactured gas with the natural degradation 

of the hydrocarbons. During   1895 in India the firstly the 

digester   application was observed for the purpose of the 

anaerobic digestion that was developed from the leper 

group. On the other side in 1904 in England, a dual-

purpose tank was installed for the bath sedimentation and 

for the sludge treatment in Hampton. Through the 

scientific research anaerobic digestion get recognition in 

1930.To take care of the manure Germany and France 

used the anaerobic applications during World War II (zeb 

et al, 2013). The largest use is of such technique   are in 

vehicles, and in cars. This is also used in the irrigation 

pump and industries of the rural areas. Through this, we 

will meet energy demands for the rural masses that will 

lessen the burden of the petroleum demand. It will 

improve the economic status by creating new ways for 

employment (Jain et al, 2015). 
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 The biogas is used in cooking as a fuel and it 

helps to run the stationary engines.it is not potentially 

utilized yet. It is greatly enhanced due to its utilization 

especially when the bigger plants are in the operation. 

The products CH4 and CO2 are formed during optimum 

conditions by the decomposition of the organic matter. Its 

products are H2 and CO   are considered as intermediate 

during the perturbations. These compounds are used in 

biogas production and detect the perturbations stages. Its 

bioreactor permit for the estimation of the methane 

production in the system. On the other side, the energy 

balance is used to determine the range of temperature so 

that bioreactor can perform proper functioning.  

 When hydrocarbons is decomposed   aerobically 

then the compound  produced by the decomposition of 

the biogas included which is converted into the carbon 

that is converted into C02 and (CH4) is produced via 

reduction mechanism. The amount   of CH4 and CO2 

rely on the environment of the   redox reaction depends 

on the oxidation condition of the substance and carbon 

that are present in the organic material. The composition 

of the    is associated with the conversion of biogas. The 

theoretical amount of methane can be determine. The 

percentage of the biogas in methane obtained depends on 

the rate of reduction  of the decomposing matter (Jain et 

al, 2015).the nature of compound must be known before 

its decomposition so that procedure should be performed 

with great efficiency. It is noticed that the amount of 

methane is low, due to the UN reach ability of 

lignocelluloses substrates. In the procedure, it will 

augment the accumulation of the inhibitory compounds. 

The methodologies   techniques raise the decomposition 

of the reacting substance to evolve the hydrolysis, 

anabolism and catabolism (Kainthola et al, 2019). 

Advantages and disadvantages of Anaerobic Digestion (Zeb et al, 2013). 

 

Advantages Disadvantages 

 low cost energy In the cold region it is less suitable  

Low cost fertilizers Less suitable in arid regions 

Reduction in the  greenhouse emissions Required reliable outlet for treating sludge 

Reduction in the  nitrous oxide emissions Laborious operation and maintenance 

Reduction in the  pathogens deprived hygiene of sludge from mesophilic process 

 

 The aim of this study is to present an overview 

of the several chosen topics that examine anaerobic 

digestion. The conceptual information and the findings of 

this research are to offer a comprehensive précis of the 

development of aerobic digestion (Meegoda et al, 2018). 

 

 
Figure 1. The digestion in oxygen free environment  
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Stages of Anaerobic digestion: The course of 

decomposition in the oxygen free environment consists of 

4 stages that are hydrolysis, abiogenesis, methanogens 

and cytogenesis.  The decomposition in the absence of 

oxygen rely on the interaction in the presence of 

microbes which perform the function of anaerobic 

digestion into four steps of fermentation. In a single 

reaction batch, whole waste is laden at a time.  Entirely   

these steps are performed in single reactor (meegoda et 

al, 2018).  

 

 
Figure.2 The simplified scheme of pathways in anaerobic digestion 

 

Enzymatic hydrolysis: The primary step of the AD 

method is to substrate the under goes dissolution process 

that lessens the complicated hydrocarbon polymers into 

the normal dissolvable compounds via bio catalysis. In 

the procedures of the peptide compounds, lipids and 

carbohydrates the long chains polymers are dissolved into 

the building blocks of proteins, fatty acids and sugars. 

(Jain et al, 2015). The studies elaborate that methanogens 

that is considered as the slowest step   that depends on the 

average of the presence of the microbes. Due to the 

hydrolysis in the AD that turned towards the development 

of expediting hydrolysis in anaerobic digesters (Meegoda 

et al, 2018). 

Fermentation: With the aid of fermentative bacteria, the 

compounds that undergoes to reduction process modify 

into a mixture of evaporating fats and few side 

compounds. (Jain et al, 2015). By fascinating the 

products through the cell membrane, abiogenic 

microorganisms able to generate the intermediates 

volatile fatty and other products. Hence the concentration 

of the activated compounds are formed, in the acid 

genesis is depends on the digester condition. The VFA 

change for the digester operation like diverse ph. There is 

the formation of the amino acids that are formed by the 

decomposition of the ammonia. The most essential 

product of the amino acid breakdown in the production of 

the ammonia to deamination. This process is happened 

via anaerobic digestion mechanism (meegoda et al, 

2018). 

Cytogenesis: The acetate, CO2 and hydrogen are   

formed by the decomposition of the hydro carbon matter 
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in the presence of the anaerobic digestion (Jain et al, 

2015).   

 The hydrogen is produced in the procedure of 

the cytogenesis broaches. The excessive pressures 

confirm the deleterious to lactogenic microorganisms. 

For that occurrence of the Hydrogen trophic 

methanogens, the hydrogen is rapidly consumed. To 

maintain the partially pressure is appropriate to the 

cytogenesis for the production of reaction that is 

exergonic nature (Meegoda et al, 2018). 

Methanogens: The last stage of the AD is the 

methanogens, different kind of microorganisms are used 

methanogenic acetate, hydrogen and C02 for the 

formation of the methane. (Jain et al, 2015). 

Methanogens is marked in the final stage of the anaerobic 

digestion where the intermediates are consumed by the 

production of the methanogenic microorganism to 

produce the methane. The microorganism of the 

methanogenic represents the group of the anaerobic 

Achaea. It requires the higher pH and latter requisite that 

cause the dilemma in the laboratory cultivation. The 

methanogens highly low the time regeneration and 

microbes in the absence of oxygen mechanism for up to 5 

to 16 days. Hydrogen trophic species like methanococcus 

maripaludis, required double time up to 2 hours 

(meegoda et al, 2018). 

Operating Parameters 

PH value: Through a sort of stages of the digestion, the 

pH of slurry changes. In the early stage of the synthesis 

of acid in this step, the pH range should be around 6 or 

less than 6, in this way large quantity of the CO2 is 

generated. After time period of 2 to 3 weeks the 

environment becomes acidic hence the low boiling acid is 

decomposed to generate the methane. For the continuity 

of the availability of the gas to keep the value of pH in 

balance for the purpose of the digestion Jain et al, 2015). 

Temperature: Generally two ranges of temperature are 

suitable for the process of digestion in the absence of 

oxygen; the first one is mesophilic (35 ◦C) and 

thermophilic (55 ◦C). Due to the mesophilic digestion 

work under the less heat is required. The digestion at the 

temperature regime is slow over time as amount of biogas 

is low. But mesophilic digester remains concern for that   

it has less requirement of the heat that is cost effective 

way   in comparison of thermophilic digesters. 

Total Solids: The dry material in sludge is a 

measurement of the total solid (TS), whatever the nature 

of material either it is organic or inorganic in nature; 

mostly the percentage or concentration of matter is 

concerned. Hence the role of TS is very vital in the 

operation of digester. 

 High-TS anaerobic digestion has gained 

significant concentration of the modern concern, in case 

of its requirements for the digester having small size and 

less heat requirement. In addition to, the enhanced yield 

of biogas was mentioned as compared to high-TS 

digesters as compared to low-TS digesters performing 

functions at the equal retention time. 

Loading Rate: The ratio loading of digester represent to 

the concentration of the hydrocarbon matter   introduced 

to the digester in a day in continuous digesters. When 

there is extra loading in a digester can cause disturbance 

because in this way the waste material is easily dissolved 

and acidified that may cause the extra storage of VFAs 

that has ability to inhibit the process of methanogens, 

hence influencing the process of anaerobic digestion 

process. 

Hydraulic Retention: Time Hydraulic retention time 

(HRT) represents the ratio of the time duration which 

liquid may available in the digester. Hence HRT, that 

mostly represented as θ in research stuff, which can be 

determined as the quotient of digester volume, V, and the 

rate of flow rate of a digester, Q. 

θ = V /Q 

 This equation shows that there is relationship 

among the various factors such as loading rate, a lesser 

HRT associated with the greater range of   loading 

(Meegoda et al, 2018). 

C/N  

 The ratio of the carbon as compared to the 

nitrogen in the compounds of hydrocarbon is represented 

as C/N ratio.  It is vital to keep balance between C/N 

ratios in the maximum rate for the purpose of high yield 

AD. C/N ratio in the range of 16–25 or 20–30 or 20–35 

has been represented to maximum for the same level of   

AD.  It shows that the rate of the nutrients in the process 

of digestion, hence the mechanism is highly dependent on 

the ratio of C/N. 

Buffer Capacity: The capability of the buffer solution 

can act as an indicator for the determination of the 

balance of the AD mechanism as compared to the direct 

measurement of the pH value of the system, hence the 

capability of the buffer will reduce due to the storage of 

the fatty acids prior to the drop of the pH is noticed. 

Mostly the basicity of the AD is mentioned hence it is 

directly related to the amount of the bicarbonate ions. 

By the reduce of the rate of loading the capability of the 

buffer is enhanced although the direct introduction of the 

bicarbonate is more concern by the introduction of the 

CO2 will take time for the establishment of the 

equilibrium, that is concluded the over-loading in the 

environment. S/M ratio could be   applied to sustain large 

buffering capability and continuous the value of the   pH 

in the reacting mixture.  
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Toxicity: The poisonous materials can be available 

earlier or generated during the process of decomposition 

of reacting substance (Kainthola, et al, 2019). 

Quantitative Evaluations of the Anaerobic Digestion 

Process: The given   categories elaborate generally 

utilized metrics applied in the quantitative evaluations of 

the decomposition in the absence of oxygen mechanism. 

Biochemical Oxygen Demand: Biochemical oxygen 

demand (BOD) describe the measurement of 

decomposable   organic materials available in waste 

material, as a result could   be applied in the form of 

metric for the total efficiency of an anaerobic digester. 

The biological oxygen demand reveals importance from 

the decomposition by the microbes in the presence of 

dissolved oxygen in the mixture of waste material under 

the duration of five years. As result, BOD is a term which 

could be   applied to count the concentration of dissolved 

oxygen required to maintain decomposition of waste 

materials  in the absence of oxygen  by microbes  during 

the duration of observation for five days after that it can 

be applied to determine the amount of the biodegradable 

organic material available in waste material.  

 Biological oxygen demand   observation can be   

examined in closed systems at certain ranges of the 

temperature in the absence of the light to keep away the 

dissolved oxygen formation via photosynthesis. Hence, 

the value of BOD could be achieved by the variations in 

the dissolved form of oxygen beginning and end of 

incubation after dilution (Meegoda et al, 2018). 

Chemical Oxygen Demand: Biological oxygen demand 

and chemical oxygen demand (COD) give   scale for the 

measurement of oxygen available in waste material 

which is used in a chemical reaction during the presence 

of the oxidizing agents. The decomposition in the 

absence of oxygen, COD generally reveals the amount of 

the organic material available in a slug. The effectiveness 

of the decomposition in the absence of oxygen could be   

determined by applying COD; COD decrement is a way 

to elaborate the concentration of the decomposition that is 

involved in the anaerobic digester, as it shows the 

utilization of the organic material (Meegoda et al, 2018). 

 In COD examination, a sludge is mixed with 

large amount of the mixture   of potassium dichromate 

and sulfuric acid. Hence,   the utilization of potassium 

dichromate indicates the requirements of the concern of 

the nitrification, due to its inability to form nitrates by the 

oxidation of the ammonia. When the process of the reflux 

is completed then the amount of the extra potassium 

dichromate can be measured via process of titration 

against ferrous ammonium sulfate; the resultant value of 

COD could be   identified by the concentration of the 

potassium dichromate utilized in process of mixing 

(Meegoda et al, 2018). 

Carbon/Nitrogen Ratio: The ration between carbon and 

nitrogen   (C/N ratio) of reacting material is applied to 

determine the property of the nutrients. Keeping in view 

the chemistry of sugars, fats, and peptide, that means the 

major way of the   nitrogen in digester in the absence of 

oxygen by the decomposition of peptide bonds. Similarly, 

certain amount of carbon is essential to give an 

appropriate substrate material for the purpose of 

digestion, nitrogen at a specific amount is compulsory for 

the formation of protein by the participation of the 

microorganism (Meegoda et al, 2018). 

Substrate pretreatment 

Mechanical pretreatment: Mechanical pretreatment is 

determined in the form of decomposition or breakdown 

of the reacting materials because of enhancing the room 

area (particular) that will be the concern of the efficient 

interaction between the heating material and inoculum 

(anaerobic bacteria)  that will finally increase the 

procedure  of the AD . 

Thermal pretreatment: The treatment via heat is an 

important factor on the commercial scale. Thermal 

pretreatment follows to the pathogen elimination with the 

development in the performance of dewatering and to 

decrease the viscosity of the digester to enhance the 

handling of the digestate. Several researchers are focused 

on the long ranges of temperature (50–250 0c) to increase 

the efficiency of AD of various organic materials. 

Chemical pretreatment: The pretreatment of the 

chemicals is described as the decomposition of the 

organic material by the decomposition of the organic 

material in the presence of the strong acids, alkalis or 

oxidants. AD typically need to adjust the pH by 

enhancing alkalinity, thus alkali pretreatment is the 

selected   chemically   pretreatment methodology. 

 Acidic pretreatments and oxidative 

methodologies are applied to increase the yield of the 

biogas and enhance the rate of the hydrolysis. 

 The treatment by acid is very beneficial for the 

reacting material with large lignocellulose amount when 

it is decomposed the lignin and the hydronic microbes are 

able to acclimate the acidic environment. 

 The influence of chemical pretreatment rely on 

the kind of methodologies used and properties of the 

reacting material. Chemical pretreatment is not 

appropriate for the bio decomposition of the substrates 

having large quantity of the carbohydrates for their large 

quantity of the carbohydrates are enhanced the 

percentage of the decomposition and the storage of the 

VFA that followed by the failure of the methanogens 

stage. 

Biological pretreatment: The treatment in biological 

way contained on both anaerobic and aerobic methods. 

Due to enhancing the danger   on the amount increasing 
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quantity and energy requirement and enhancing the 

temperature of the globe by increasing the requirement of 

the modern technologies and rapid development in the 

process of the AD. Hence the methodologies of the 

pretreatment can be classified like mechanical, thermal, 

chemical and biological.  Out of all these widely 

mentioned treatment methodologies examined under 

laboratory, on few methods were used such as 

mechanical, thermal and thermochemical methods were 

efficiently. Used to get benefits to the AD procedure like 

high yield of biogas, retention time reduction, digest ate 

quantity reduction etc. (Jain et al, 2015). 

Conclusion: The development in anaerobic digestion 

studies is concerned as the safe method according to the 

environment need for the arrangement of the waste 

material and decomposition in the absence of oxygen is 

determined to perform the procedure via treatment of the 

waste material that is obtained from the eatable and 

wastewater treatment in agriculture. According to tis 

research that there are several kind of the methods for the 

prior treatment of the substrate before anaerobic 

digestion. Out of the deep reports regarding pretreatment 

methodologies such as limited mechanical, thermal and 

thermochemical procedures were efficiently used at high 

rate to show the benefits of the AD procedures like large 

amount of the biogas, decrease in the time retention, and 

decline in the amount of decomposable matter. The 

results of the studies would be   beneficial to enhance the 

formation of the biogas and handling the issues connected 

with the arrangement of the waste material in the big 

cities of the globe. Generally the pollution free matters 

are present in the environment and produce no pollution 

that is why this kind of the substrate are adequate for the 

environment. 
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