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ABSTRACT
Different forms of biological waste are available in plentiful quantity and their proper and systematic disposal and treatment are 
required with solution for big challenges for the waste generating industry. Waste materials are organic substances and come mostly 
from agriculture or foodstuff or feed industry. Biogases are the mixture of both methane and carbon dioxide and are a super alternative 
option to composting. It is biosynthesized during anaerobic digestion and serves as a high-energy renewable fuel. This bio-energy could 
be used as a substitute for fossil fuels for various purposes. 

Keywords: Biogases, Waste materials, Pollution, Biochemical process, Renewable energy, Microbial strain.

Abbreviations: AD: Anaerobic Digester/ Digestion; BDIW: Biologically Degradable Industrial Waste; BDMW: Biologically 
Degradable Municipal Waste; C/N: Carbon/ Nitrogen; CFS: Composted Fish Sludge; CH(4)/ CH4: Methane; CM: Cow Manure; 
COD: Chemical Oxygen Demand; GHGs: Green House Gases; GW: Green Waste; HMF: Hydroxyl-Methylfurfural; kW: Kilowatt; 
KW: Kitchen Waste; MBM: Meat and Bone Meal; MBW: Municipal Biowaste; McoDi: Mesophilic co-Digestion; MDi: Mesophilic 
Digester; Ml/g: Milliliter per Gram; OW: Organic Waste; ppm: Particle Per Million; S/I: Substrate to Inoculums; SBP: Specific Biogas 
Production; SS-AD: Solid-State Anaerobic Digestion; SV-1: Soluble per Volume; TcoDi: Thermophilic Co-Digester; TDi: Thermophilic 
Digester; TJ: Terra Joule; UASB: Upflow Anaerobic Sludge Blanket Reactor; VS: Volatile Solids; VSS: Volatile Suspended Solids; 
WAO: Wet Air Oxidation; WWTP: Waste Water Treatment Plant

INTRODUCTION

For anaerobic digestion (for food waste-only) and a co-digestion process (for mixture of cow manure and food waste) has been reported 
for biogases formation by utilization of mesophilic and thermophilic bacteria or archaebacteria which has shown their best performance 
and microbial structure at (37°C) and (55°C) temperatures respectively [1]. And highest methane yield, (480 ml/g volatile solid~VS) is 
reported in mesophilic digester (MDi) fed with food waste alone whereas 26% or more methane is reported in mesophilic co-digestion 
(McoDi) of food waste and manure. In bioprocess of MDi and McoDi, Chloroflexi (54%) or Methanosaeta; and Firmicutes (60%), 
Methanobacterium or Methanosaeta; respectively are dominant microbial strains, applied in alone or combination forms whereas in 
thermophilic bioprocess systems i.e. thermophilic digester (TDi) and thermophilic co-digester (TcoDi), Thermotogae, Firmicutes and 
Synergistetes or Methanothermobacter are reported as dominant microbial strains and utilized in alone or combination of their strains [2].

Biogas production is found via biodegradation of organic matter under anaerobic conditions (absence of oxygen). And it is produced 
as mixture of gases (methane, some carbon dioxide or hydrogen sulfide) with upgrade of the bio-waste treatment plant. Optimization 
of the plant is required for maximum energy quantity (Biogas, bioenergy or bio-rest) with environmental benefits. Material balance 
analysis of the plant's operation can estimate the amount of produced methane which can be further generated the increase electricity via 
optimizing the operation of the plant [3]. Laboratory glass digesters have used seawater to dilute organic wastes for biogas production. 
In the anaerobic digestion of organic wastes, seawater (20245 ppm as 10% total solids) is used as a diluent for dilution of organic waste 
below the inhibitory level which has helped in slow acclimation of the micro-organisms involved in biogas production to the seawater 
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conditions. It has increase in the biogas production rate at the end of the experimental period (60 days) [4]. 

Various methane reactor designs has been utilized depending on the types of organic loaded waste water, solids and slurry which has 
helped in providing maximum and reliable biogas yields for heat and/or power generation. Retech energy technology or turnkey plants 
have helped for biogas production with different projects partnership with leading technology providers and local contractors via COD 
removal in different water bodies [5]. Uncontrolled and unplanned biodegradation of organic matter under anaerobic conditions in pond 
or any other big water resources causes the methane production in range of 590 million and 800 million tons each year and released into 
the atmosphere which is potent greenhouse gas than CO₂ in the our environment responsible for climate change global issues. Organic 
matter from food waste, animal manure and agricultural byproducts is used in biogas digesters which have provided controlled condition 
for biodegradation of a waste product via reducing the amount of food waste and other organic materials being sent to landfill or deposal 
to water bodies [6]. 

Kitchen waste (KW) has been used for biogas production and it has shown high biodegradability, calorific value and nutritive value 
to microbes. Biogas production from KW with co-digestion of cow manure (CM) via anaerobic digestion (AD) has provided as an 
alternative energy at room temperature (25°C-30°C) and at temperature of 37°C also for its degradation rate analysis. 1.0%, 1.5% and 
2.0% (NaOH) solution based on wet matter of kitchen waste are added for improved biodegradability (6.8 ml/gm at 1.5% NaOH) and 
biogas production (doubled quantity compared to untreated). Reactor performances (digestion rate) are also found faster at 37°C at a 
loading rate of 200 gm/L compared to room temperature [7]. 

Generating of bio-gas (methane) from food waste from college canteen has reported by use of anaerobic thermophilic digestion process 
and claimed for maximum biogas production from the digested food waste in period of 90 days. Methylotroph population in the 
activated sludge has used methane as a carbon source for their growth. Mixture of 76% methane and 24% carbon dioxide as biogases 
are reported from decomposition of food waste [8]. 

Collection of Kitchen (food waste around 30 kg) has done from boy’s hostel mess of 350 students as feedstock for anaerobic digester 
reactor system to produce biogas energy. Biogas is utilized as energy source for cooking and also for various purposes. Application of 
bioreactor is based on knowledge and information about design and construction of digester to generate biogas. Pilot study has been 
done for kitchen waste generation and fuel saving process by using biogas plant in engineering college hostels of India. Biological 
wastes are found in three forms which are kitchen wastes, agricultural wastes and animal wastes and these can utilized with the help of 
various technologies adaptation for leading to the use of renewable energy systems effectively and efficiently [9]. In this paper, author 
will discuss about the biogas synthesis possibility from utilization of different types of biological /organic waste via application of 
anaerobic fermentation via bioreactor as digester.

Biological / Organic waste resources

Food waste (FW) is one of most available organic wastes with good biodegradable nature, obtained from precooked and leftover food 
and is normally discharged from food processing industries, households, mess of hostels, canteen of school/engineering college and 
hospitality sector and shown in Figure 1 [10]. It is available around 1.3 billion tonnes in quantity from various food sources such as 
fresh vegetables, fruits, meat, bakery, and dairy products and normally they are found to lose along the food supply chain and shown in 
Table 1. Last few decades, the amounts of FW are found to increase (278 to 416 million tonnes from 2005 to 2025) due to economic and 
population growth in Asian countries or countries. It has been reported that the annual amount of urban FW in Asian countries could 
rise from [10,11].

vegetable scrap or fruit, whey, oil, grease

Organic 
wastes 
resources

Agri-food Industries waste 

Fruit and vegetable by-
products, 
Slaughterhouse 
canteen waste, 
Charged organic effluents 

Green waste

Waste of the communities 
Shearing of grass and sheets
Grass cuttings and leaves, 
Hedge trimmings and prunings
 Flowers and branches, 
Weeds, plants etc

Agribusiness industries waste 

Vegetable scrap wastes 
Fruit and whey wastes
Oil and grease wastes

Animal waste 

Straw and hay waste
Wood shavings waste
Other organic debris
Excreted organic 
materials

Figure 1: Various forms of organic wastes resources utilized for biogases production.
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Table 1: Biogases capacities from utilization of different types of organic wastes.

S. N. Biogas and their sources Approaches for biogas synthesis References

1.
Utilization of organic material of kitchen and college canteen 
wastewater and methane content (8.19 ml at 8th days of process) in 
biogas synthesis at 2 ml/day

By anaerobic digestion in USAB Reactor in batch 
process with hydraulic retention time: 10 days temp: 
30°C and organic loading rate:1500 mg/L

[42]

2.

Methane gas as biogas production from kitchen waste cow manure 
(CM). NaOH of 1.0%, 1.5% and 2.0% used on wet matter basis of 
kitchen waste for improve biodegradability (6.8 ml/gm) and biogas 
production (doubled quantity) 

Anaerobic digestion (AD) for individual and co-
digestion of kitchen waste and Cow Manure (CM) at 
room temperature (2530°C) and at temperature of 37°C 
with loading rate 200 gm/L.

[7]

3.

Utilization of animal manure of cow and pig occurred and total 
biogas production higher in pig manure (about 2.5 m3·batch-1) 
compared to cow manure (about 2 m3·batch-1). Maintained proteins 
(0.4 mg·ml-1 and 0.9 mg·ml-1) and sugars concentration (2.8 mg·ml-1 
and 4.6 mg·ml-1) 

Retention time (20 days) and temperature (35 ± 1.5ºC) 
in the anaerobic digester is reported and values of 
TSS and pH slightly decreased due to the growth and 
multiplication of bacterial cells, the consumption of 
substrate and the accumulation of metabolites.

[43]

4.
Methane–biogas production (0.1 and 0.65 L CH4–biogas g−1 VS) 
from synergies effect of co-digestion of different organic wastes 
(fruit–vegetables waste and industrial organic) with cattle manure

Co-digestion of anaerobic processes at temperature 
(35°C and 37°C), organic waste loading rate (1 to 6 g 
VS-COD L-1 day-1) at stable condition for hydraulic 
retention time (HRT~10-20 days) and VS and COD 
removal efficiency (up to 90 %)

[44] 

5.

Methane content is about 74% from human Organic Waste (OW) 
and it also helps in bio-energy security with solving of problem of 
sanitation and hygiene in developing countries and humanitarian 
camps (unmanaged waste causes severe health problems and 
premature death)

Digesters as a devices used converting OW into biogas 
under anaerobic conditions. It is integrated a waterless 
toilet with a small-scale producing safe biogas for local 
micro-consumption with Specific Biogas Production 
(SBP) (0.15 m3/kgSV)

[45]

6.

Specific methane yields from whey and the maize drying up residues 
(501 and 317 IN CH4 kg S/V ), from grape stalks and grape marcs 
(98 and 116 lN CH4.kg SV−1 ) and from barley and rice straw 229 and 
195 lN CH4 kg VS-1 are reported

2L glass digesters for thermostate controlled room at 
40°C for 40 days have utilized. 21,900 TJ year-1 biogas 
is reported anaerobic digestion of about 6.5 million tons 
of maize silage

[46]

7.

Methane production reported from corn stover (81.2 L kg−1 volatile 
solids (VS)), wheat straw ((66.9 L kg-1 VS), yard waste (40.8 L kg-1 

VS) and leaves (55.4 L kg−1 VS). Inverse linear relationship obtained 
between the methane yield and the lignin content in lignocellulosic 
biomasses waste.

By solid-state anaerobic digestion (SS-AD), methane 
gas produced at a substrate to inoculum (S/I) ratio of 
2. This process has shown correlation coefficients (r2) 
of 0.91-0.98. It has positive linear relationship between 
the methane yield and the enzymatic digestibility of the 
lignocellulosic biomass.

[47]

8. 

Swine manure with three agricultural residues, i.e., corn stalks, oat 
straw, and wheat straw has significantly increased biogas production 
and net CH(4) volume at all C/N ratios. Among all residues, corn 
stalks shown more increased (11.4-fold) in daily maximum biogas 
volume as compared to the control, followed by oat straw (8.45-fold) 
and wheat straw (6.12-fold) at the C/N ratio of 20/1. 

Optimal C/N ratio for co-digestion utilized for 3 crop 
residues × 3 carbon/nitrogen ratios as 3 × 3 experimental 
designs with duplicates. It has reported for corn stalks 
(68%), oat straw (57%) and wheat straw and the control 
both (47%) CH4 in total biogases due changes in 
percentage of carbon in these residues.

[48]

9.

Avocado, papaya, mango, tomato, banana peel, and cow manure are 
used in varying volumes of digesters for biogas generation. Biogas 
0.042 ml/g (42ml/g) produced from leftover food waste of students 
cafeteria mixed with cow manure whereas 0.031ml/g (31ml/g) from 
Fruit and vegetable wastes mixed with cow manure is reported

In plastic bottles of 2L, maintained pH of 6.7-7.4 in 
anaerobic co-digestion for fruit and vegetable wastes 
for 55 days. This process is affected by temperature, pH, 
volatile fatty acids, microbial population and ammonia. 

[49]

India has faced many environmental challenges due to generation of many types (including organic or inorganic) of wastes and its 
inadequate collection, transport, treatment and disposal as very critical issues. Waste processing facilities can help to separate recyclable 
materials via waste segregation at source then it can make usefully form including biogas synthesis. Engineered landfill sites for disposal 
of residual (planned and systematic ways) waste can be utilized after extraction of material resources and can be invested in waste-
to-energy facilities. Energy generation from landfill via methane extraction or thermal treatment is done by qualified engineers and 
environmental professionals via performing of improved waste management systems [12].

Organic waste resources contain environmental pollutants and pathogenic microorganisms also. It is found in varying in composition, 
quantity and quality. Household waste are made up of made up of food scraps (either cooked or uncooked) and garden waste (grass 
cuttings or trimmings from bushes and hedges) which is found in biodegradable nature. Human waste is produced in large quantities 
in urban areas in a variety of ways. Animal waste is used as a source of fertilizer and can be applied directly to the land, or as a source 
of energy via direct combustion (after drying) or through digestion to produce methane gas. Agricultural residue is waste materials 
obtained after the processing of crops (maize stalks, rice husks or foliage). Simple combustion on an open fire is used to get complex 
energy production processes this waste as a fuel stock [13]. 

Plant-available N is reported as growth-limiting factor. Meat and Bone Meal (MBM) and Composted Fish Sludge (CFS) are reported as 
biological wastes and its 48%-73% of N has applied to soil which is taken up in aboveground biomass as Mineral Fertilizer Equivalents 
(MFE%) of 53%-81%. Waste resources from Meat and bone meal (MBM) and composted fish sludge have shown positive effects 
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under more nutrient-deficient conditions [14]. Biogas production has found from Biologically Degradable Municipal Waste (BDMW) 
and Biologically Degradable Industrial Waste (BDIW) and these wastes (i.e. slaughter waste and grass) in agricultural biogas stations 
are reported to significantly improve their economy by generating the biogases and shown in Figure 2. About 100 wastewater cleaning 
plants are operated in the Czech Republic using regular sludge processing into biogas and electricity generation form it is utilized for 
the needs of own operation of Waste Water Treatment Plant (WWTP) as well as heat energy utilized for operational and administrative 
facilities [15].

Organic wastes
rich in carbohydrates
, lipids and proteins

Acetogenic

Acetic acid
CO2, H2

Methanogenic

bacteria bacteria
CO2, CH4

CH4:
50-75%

CO2:
25-50%

N2: 
0-

10%
H2

H2S

O2

0-10%

0-0.5%
0.1-0.5%

0-1%

Biogases composition

Figure 2: Biochemical approaches in anaerobic digestion for biogas production.

Food wastes

Food waste is generated from subsequently discharged, lost, degraded or contaminated food material during the process for human 
consumption. Food waste problem is currently increased in due to advanced life style and huge human population around the world 
and shown in Figure 3. Further it can be occurred from all contributors to the food supply chains, agricultural and industrial sectors, 
as well as retailers and final consumers. This waste quantity is increased at donation of edible fractions to social services. Food waste 
from industrial processes is employed for production of biogases, biofuels or biopolymers and in composting process it was utilized via 
recovery of nutrients and fixation of carbon. By proper management via incineration and landfilling processes, food waste can utilized 
for recovery of energy or related products [16]. 

Source
of food 
wastes

Grapes with
4.8  billion
tonnes a year

Potatoes with
1.9 tonnes a 
year) 

Slices of bread 
with 2.6 billion 
tonnes a year

Tomatoes with
1 billion tonnes
a year

Yoghurts and 
yoghurt drinks 
with 484 million
tonnes a year

Sausages with
440 million 
tonnes a year

Chocolate and
sweets with 259
million tonnes a year

Meat-based ready meals 
and takeaways with 120
million tonnes a year 

 

Figure 3: Food waste variety sources with their respective quantity.

Handling of food wastes is done for production of biogases which is generated from Gari producer industry in Nigeria and these waste 
are mainly cassava peels, shaft from processed cassava, yam, plantain, banana agro-waste, corncobs, citrus, pastures and sugar cane, 
forage, organic wastes etc. It had utilized into useful products for human and animal consumption ancient periods in Nigeria. Now, 
bioconversion of theses waste to useable energy is more practice for enhancing of sustainable energy like biogases generation. In ancient 
periods, utilization of waste had occurred by burning solid fuel for heat, by fermenting plant matter to produce fuel, as ethanol, or by 
bacterial decomposition of organic waste to produce methanol. It has greatly enhanced and ensured sustainable economic development 
in Nigeria and the world at large [17]. 

Food waste disposal is big challenge in open place because it generates bad smell to environment due to uncontrolled biodegradation. In 
Ontario, Canada, municipalities, household waste composition has been studied by use a direct measurement methodology for analysis 
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of range of waste categories, including food waste. Household waste composition study in 2012-2015 had gathered information from 
9 Ontario municipalities and then food waste (avoidable fruits and vegetables) were aggregated and analyzed to develop the estimates 
of average food waste (2.40 kg/week) in the 35.4% of garbage stream. Amounts of food waste were compared from Urban households 
(significantly greater) to rural households disposal in the spring (p=0.01) and summer (p=0.02) seasons [18]. 

Food waste has a shown negative effect on food security and quantify household food waste along the rural-urban continuum has been 
reported in three South African mid-sized towns situated along an agro-ecological gradient. Quantified the types of foods and drinks 
from households threw away has identified the causes of household food waste in the three sites which are found more households 
wasted prepared food (27%) than unprepared food (15%) and drinks (8%). In the 48-hour recall period, households’ unprepared food 
thrown away has found in greater quantities (269 g-610 g) compared to prepared food (121.0 g-132.4 g) and drinks (77.0 ml-192.5 
ml) with 90% confidence interval of their values. Per capita food waste (unprepared food waste (5 kg-10 kg), prepared food waste (3 
kg-4 kg) and drinks waste (1-3 litres) per person per year) has estimated for other developing countries and it has lowered than most 
developed countries [19,20]. 

Green wastes

Deployment of thermochemical waste-to-energy systems are applied by knowing the fundamental characteristics of waste streams. 
Gasification of waste streams is done based on their thermochemical properties. Characterizations of green waste solid with municipal 
solid waste have been reported in terms of chemistry and energy content which are found in Brisbane, Queensland. The chemical 
properties of the combustible portion of waste have been measured directly with comparison of their calculations based on their weight 
ratios in municipal solid waste. The moisture content of green waste is reported from 29% to 46%. The variation of samples' energy 
content, has found between 7.8 MJ/kg and 10.7 MJ/kg. The total moisture content of food wastes and garden wastes are found the 70% 
and 60% respectively [21]. 

Conversion of green waste into renewable energy has found environmentally as well as financially beneficial also. Exploration of the 
energy potential has shown in oil/ fuel market via conducting a benefit cost analysis. Selecting a market for conversion of organic waste 
into biogas is advantageous in term of environmentally as well as financially benefit in cost ratio of three times higher after conversion. 
Conversion and production process for biogas has shown a huge margin and the policy makers and planners of Talaad Thai or any other 
countries can involve by investing their greater effort in initiating this plans in other markets of Thailand in order to make this planet 
clean and green [22].

Green wastes are agricultural green wastes which are biodegradable nature waste and it is composed of garden or park waste, (grass or 
flower cuttings and hedge trimmings, as well as domestic and commercial food waste). The differentiations of green wastes are high in 
nitrogen contents as opposed to brown waste (primarily carbonaceous). It can be used as non-food crop to produce cellulosic ethanol 
also via reducing the usage of petroleum gases on burning generate harmful gases. Green waste collection can be done via municipal 
curbside schemes or private waste management contractor businesses [23]. Green Waste (GW) is found in abundant quantity every time 
and usually mixed with the organic fraction of municipal solid waste under Municipal Bio-waste (MBW). GW has slow biodegradability 
nature with minimization of its biogas revenues [24]. 

Optimal GW/MBW mixing ratios and old landfill leachate/sewage sludge inoculum ratios has shown important role in optimal biogas 
production. Co‐digestion tests of GW and MBW has been conducted for MBW/GW (at 0:100, 30:70, 50:50, and 60:40) based on dry 
Volatile Solids (VS) with maximum biogas production yield (318 mL/g VS) at 60:40 MBW/GW ratio using leachate as inoculum. 
The peak biogas yield are reported at leachate/sludge ratios of 50:50 and 30:70 via utilization of the Design Of Experiment (DOE) for 
methane content and biogas cumulative volume produced from co‐digestion at different VS and leachate percentages [25].

Rural areas are good sources of green leaves and stems from various types of vegetable crops, banana, grapes, etc. which are found 
underutilize form after harvesting. Normally some of green leaves and stem had been used as fodder for animals from ancient period and 
are not completely digested by them. Green leaves are good source of proteinous matter, waxes, resin, lignin and cellulose. Green leaves 
and stems has used for production of good manure because of people were not aware about cellulose and lignin in green leaves and it 
cannot give good quality of manure and even cannot be decomposed easily. The green leaves and the stems can be crushed to produce 
juice which can be fermented to produce biogas for cooking [26]. 

Biomass potentials of green waste from residual grasslands have been been assessed in Baden-Württemberg, Germany. Conservation 
of grasslands can be maintained at low intensity land (landscape maintenance sites), riparian stretches along ditches and streams, and 
municipal green spaces (public lawns, parks and sports fields) as an area types with their possibility of growth. Their biomass can be 
utilized for biogas yields via determination through a sampling program or through interviews with experts [27].

Distinguishing between theoretical technical and realized (economic) potentials can be applied with subtraction of unsuitable areas 
and fractions from the theoretical potentials. Theoretical potentials for Schwäbisch Hall County are estimated around 21 million m3 of 
biogas with high percentage of the theoretical residual biomass potential of green grasses. Due to various technical, legal, ecological 
or management (economic) constraints the extract estimation may be found different. All residual biomass available under current 
management practices can be accessed to 6.1% of the theoretical maximum potentials of total grasses quantities [28]. 
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Agriculture wastes

Effects of Alkaline [NaOH] solution on mixture of pineapple, plantain and cassava peelings as the feed stock has been analyzed for 
generation of fermentable sugars for more amount of biogas synthesis via application of practical / laboratory scale experimental design 
for digester temperature (27°C-35.5°C) throughout the period of experimentation [29]. There are various types of reported waste of 
agricultural crops which is obtained from sugar cane, cassava, corn etc, agricultural residues like rice straw, cassava rhizome, corn cobs 
etc, wood and wood residues (saw dust, pulp wastes, and paper mill waste). Crop residues have been digested either alone or in co-
digestion with other materials utilizing wet or dry processes. Agricultural sector can provide the solution via processing crop biomass 
through co-digestion together with animal manures under potential utilization of the largest agricultural waste stream. Co-digestion has 
provided good opportunity to farmers to treat their own waste together with other organic substrates for obtaining the valuable products 
like biogases as well as heat, electrical power and stabilized bio-fertilizer [30]. 

Biogas production in eleven rural plants in Poland has been utilized for analyzing the capacities of each plant for generation of 500 kW 
or excess kW of electricity from supply and processing of organic, agri food waste mixed with silage. Many barriers are no political 
support for biogas installations and also for investor, no permission for installation of plant due to administrative burden of mandatory 
procedures which are found to persist in development of biogas plants as well as every other renewable source of energy. Biogases 
quantity can be enhanced by more focus on management of agricultural waste (i.e. spent wash or potato pulp) as well as good research 
work plan in their pretreatment and sacharification processes [31]. 

The generation of biogas (as alternate source of energy in rural region of India with 80% of the population) can be done from food 
waste/refuse or peelings, agricultural and animal waste produces energy. Agricultural resources are energy crops, perennial herbaceous 
grasses, agricultural residues, and aquatic weeds have utilized as energy source for electrical energy via mitigation of GHGs emissions 
from the storage of animal waste also. By utilizing agricultural waste for biogas production, we can enhance our energy security via 
protecting our environment as well as solving emerging energy crises problems [32]. 

A simplistic theoretical study on anaerobic digestion is done for predicting the biogas amount of agricultural wastes. An algebraic 
equations is used instead of biochemical equations which is required many input parameters as well as computation time. This calculation 
has helped to get simplified model for prediction the biogas amount produced via agricultural energy feasibility studies on dimensioning 
bioreactors for digesting animal waste slurries. It has used for other feedstock materials in an effort to expand anaerobic digestion 
systems for clean energy production [33]. 

Different pretreatment technologies for organic waste utilization

Different pretreatment methods (mechanical, thermal, chemical and biological) have helped in facilitating the anaerobic digestion by 
increasing the rate of organic matter hydrolysis. Hybrid method (physico-chemical) has found to involve more than one technology 
which has been useful in enhancing waste solubilization and anaerobic digestion. Cost of operation and the benefits derived in form of 
biogas can be more successful via waste minimization and its proper treatment at large scale application [34]. 

In this regards, milling process has found to help in without any inhibitors generation like furfural and hydroxyl-methylfurfural (HMF) 
(a break-down product of fructose) via enhancing biogas (methane) production (5%-25%). But it required high energy input with high 
maintenance cost whereas extrusion process (at optimum condition~ barrel temperature 150°C, screw speed 2.5 Hz, moisture content 
20% and particle size 2 mm) has helped in enhancing the surface area of agricultural waste which helped in enzymes action for final 
hydrolysis. It also needs high quantity of energy with high maintenance cost [35,36]. 

Steam pretreatment/steam explosion (at 2.5 MPa for increased gas generating speed and 90 second period) is applied for increasing 
cellulose fiber reactivity with 56% enhanced methane yield. But it produces more amounts of inhibitors (i.e. furfural and HMF) and 
also showed less digestion of biomass due to lignin condensation in this technique [37]. Liquid hot water is applied for solubilization 
of hemicellulose and lignin products in lower concentrations with less risk of inhibitors production (furfural). This treatment helps in 
increased enzyme accessibility but it needs high heat energy and effective only at certain temperature [38]. 

Microwave energy (at frequency 2.45 GHz, power 680 W, time 24 min) is also applied for more percentage of hydrolysis of agricultural 
wastes with 4%-7% more amount of biogas production than untreated agricultural wastes [39]. Diluted (CH3COOH solution of 4% 
pretreatment for 7days) or strong acid (2% H2SO4 solution pretreatment for 7days) pretreatment has reported as effective treatment 
processes via solubilizing hemicellulose components and it has enhanced 44.2 % and 74.6% more methane gas generation respectively. 
From pretreatment processes, methanogens bacterial are capable of adapting to inhibiting compounds and high cost of acids has more risk 
of forming inhibiting compounds with corrosion problems [40]. Alkaline pretreatment (2% NaOH solution) has helped in solubilization 
of hemicellulose and parts of lignin with increased methane production up to 73.4%. But it has also high risk of producing inhibitors 
with high alkali concentration in reactor may affect biogases formation [41,49]. 

Anaerobic digester for biogas

Anaerobic digestion is performing biological process inside a device via converting organic substrates to biogas in the absence of 
oxygen and it has been practiced for centuries and there are many reports available on improvement and technological advancement 
(i.e. for substrates, reactors, treatments, operation and system analysis) via revealing to current research and development progresses 
for the biogas synthesis [50]. 
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The AD process is required a biomass waste materials for carbon source inside a sealed tank or digester. With help of naturally occurring 
micro-organisms, organic materials (from food waste, slurry and manure, as well as crops and crop residues) is converted with release 
of a methane-rich gas (as biogas) and used for generation of renewable heat and power via cutting of fossil fuel use with reduction 
of greenhouse gas emissions. Digestate as remaining material is found inside the AD and is rich in nutrients used as a fertilizer. This 
process can be performed at mesophilic (25°C-45°C) or thermophilic (50°C-60°C) temperature via maintaining the 5%-15% dry matter 
in the digester at continuous flow or batch mode. It can be available in single, double or multiple digesters types depending on need 
or requirement for utilization of organic waste nature or quantity. Vertical tank or horizontal plug flow are shape of anaerobic digester 
and thermophilic systems are found faster throughput with more rapid biogas production per unit of feedstock and digester capacity via 
greater pathogen killing [51]. 

Anaerobic Digesters (AD) types for solid organic wastes utilization are based on biological and technical performance and reliability. 
It is reported as one-stage, two-stage, and batch systems. Batch systems are cheapest with lowest-tech of all systems but its major 
drawbacks are lower biogas yield due to the impairment of the percolation process via channeling and clogging. But it has high potential 
for application in developing countries. Two-stage systems are most expensive and complex system but it has greatest advantage in 
buffering of the organic loading rate in the first stage with more constant feeding rate of the methanogenic bacteria in second stage [52].

Production of the renewable energy (biogases) from biodegradable waste can overcome our energy crisis problem with utilization 
of solid waste management via anaerobic digestion. Anaerobic digestion performs controlled breakdown of organic matter which 
generates methane gas (60%), carbon dioxide (40%) and trace components with soil conditioner. Design considerations of AD system 
at batch mode yields cost-effective and economically viable processes via conversion of the food waste to useful and clean energy with 
simultaneously protection to the environment. Design considerations of AD are analysis of gas production, substrates and inoculum 
utilization, uses and impacts of biogas [53]. 

Anaerobic digestion improvement can be achieved by optimization of the process conditions, pretreatment of input sludge and increase 
of process temperature which has best reported for thermophilic process via higher solids reduction and biogas production. Thermophilic 
process is found best AD, for a high resistance to foaming, no problems with odor, better pathogens destruction and an improvement of 
the energy balance of the whole treatment plant. Disintegration of excess activated sludge in a lysate centrifuge has caused to increase 
the biogas production in full-scale conditions whereas rapid thermal conditioning in digested sludge is best and acceptable method of 
particulate matter disintegration and solubilization [54]. 

Two-phase anaerobic UASB process has utilized for better sewage sludge disposal and more efficient energy reclamation which has 
transformed the waste organic components into valuable energy in sludge by thermal and WAO pretreatment in the pilot scale. The 
qualities and quantities of the effluent and solid residue have been compared with biogas outputs in traditional anaerobic sludge digestion. 
Sludge components, including carbon, nitrogen, phosphorus, sulphur, were observed and mass balances are analyzed throughout 
the process with study of the input and output energy balance. Biogas outputs in terms of COD, pretreatment improvement with 
transformation of carbon substances into biogas production has been reported with higher carbon removal and higher VSS removal [55]. 

METHODS

Biogas production from these organic materials via anaerobic digestion techniques could be absolute solution for their proper utilization. 
Nowadays, biogas-fuelled gas engines are also available and utilized for generation of biogases which has helped in best waste 
management with an economical energy supply. Anaerobic fermentation of organic materials is utilized in biogases formation and 
methanogens and acidogenic bacteria (a source of biochemical processes) with lack of oxygen at definite pH and temperature ranges 
are applied with period of two to four weeks. During biogases formation, hydrolysis, acetogenesis, acidogenesis and methanogenesis 
steps are required for conversion of organic waste into fuel and biogases can be converted into renewable electricity or useful heat with 
cogeneration or combined heat and power.

CONCLUSION

Biogases generation from waste organic materials can help in maximization of our renewable energy security with mitigation of water 
pollution in different water bodies (fresh or saline). In this proposed paper, author will focus on biogases production from different 
types of organic wastes material which has created a big environmental issue like Chemical Oxygen Demand (COD) or lowing of 
oxygen content for animal or plants life survival in water bodies. Plentiful quantity of biological wastes availability at worldwide is 
required its systematic disposal and treatment via producing the sustainable energy like biogases which can solve the energy crisis 
issue with reduction of greenhouse gases as well as environmental pollution. As methane and carbon dioxide are main components 
of biogases mixture and is super alternative to composting processes. Anaerobic digestion has helped the production of high-energy 
renewable fuel like biogas with reduction of COD in different types of effluents from many food or organic compound processing 
industries via substituting fossil fuels energy. In current period, biogas-fuelled gas engines are available for generation of biogases 
with best waste management in economical ways. Methanogens and acidogenic bacteria are used a source of biochemical processes in 
biogases generation at controlled conditions via hydrolysis, acetogenesis, acidogenesis and methanogenesis processes and later biogases 
is transformed into renewable electricity or useful heat or combined heat and power. Biogases can help to maximize our renewable 
energy security with mitigation of different types of pollution including water fresh or saline bodies. 
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