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Review Article

ABSTRACT

Problem: The major problems in the present world include global warming and climate change
which adversely affect the environment. There is, therefore, a need to reduce Green House Gas
(GHG) emissions by replacing the fossil fuels with renewable energy resources like biogas. Biogas
can be generated from various organic waste products or industrial byproducts and used as a
renewable and ecofriendly fuel.

Biogas is also used fto provide the energy requirements in rural areas while its byproduct can be
used as manure for crop plants as highly rich in nutrients. Indirectly biogas production leads to
waste reduction which may be hazardous for the public health. However, there are some obstacles
in optimised biogas production. One major problem is limited availability of suitable organic
substrates for biogas production.

Objective: Hence, there is a need for new proficient substrates which can improve or enhance the
progress of the biogas industry all over the world. The performance of the anaerobic digestion
processes is highly reliant on the feedstock characteristics as well as on the activity of the
microorganisms involved in different degradation steps.

Methodology: The information related to various aspects of biogas production was retrieved from
the several scientific databases such as Google Scholar, PubMed, Science Direct, Scopus, Medline,
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and AGRICOLA, etc. here we include the data from ninety nine papers to compile this manuscript.
Summary: This review presents an overview of the biogas production and discusses different
possible organic substrates used for the biogas production which can be informative towards biogas

economy.

Keywords: Biogas, substrates; microorganisms; ecofriendly; organic waste; fermentation.

1. INTRODUCTION

Biogas is produced by anaerobic digestion which
involves the natural breakdown of organic matter
in the absence of oxygen into a methane rich gas
(biogas) via the complex and successive
interactions of various kinds of microorganisms
including hydrolytic, fermentative, acidogenic,
and methanogenic bacteria [1]. It is the only
process which can generate energy from wet
material and provide a large part of energy needs
[2]. Biogas is produced under strict anaerobic
conditions by acting on biodegradable materials
such as animal excreta, kitchen waste, sewage
sludge, municipal solid waste, spice residues,
market wastes, organic residues from food
industry. It is an odourless and colourless gas
that burns with clear blue flame similar to that of
LPG gas [3]. Biogas generating plants have been
in use from long times in England, India, Taiwan
by using cow manure and municipal waste as a
substrate. Experiments on biogas technology in
India began in 1937. Floating drum type biogas
plant known as Gobar Gas Plant was designed
firstly by Jashu Bhai Patel in 1956 [4].

Agricultural residues represent the most
important energy sources readily available in
rural areas as plant residues normally have a
high content of cellulose, which has combustion
energy of 15 KJ/g. In different studies, many
different agricultural wastes were used for the
production of biogas. The application of
anaerobically digested cow dung effluent
improved the physiochemical properties of sandy
soil [5]. The canteen residual wastes rich in
organic constituents considered for biogas
generation provided a high gas yield of 0.981
m®/kg volatile solids (VS) with a methane content
of 50% [6]. Ranade et al. [7] studied anaerobic
digestion of vegetable market waste in laboratory
scale biogas plant of floating dome design and
obtained maximum production rate of 17.5 I/d.
Dhala and Rajor [8] reported that cabbage waste,
with 5% cow dung, produce 8.5 I/d gas/kg dry
weight with CH,; content of 55%. Biogas
production varies depending upon type of
substrate, nutrient composition, Ph and CN ratio.

The carbon/nitrogen ratio (C:N) also affects the
process of anaerobic degradation, C:N ratio (25-
32:1) was observed to be favorable for anaerobic
digestion [9]. At higher loading rate slurry being
acidic which, negatively affected biogas
production. Anaerobic digestion of rice straw
alone is inefficient because of inefficient level of
nutrients and minerals required for bacterial
growth in rice straw. Rice straw can be mixed
with other wastes to improve its digestion
capacity by microbes during biogas production
[10]. The digested slurry can be used as a
manure and soil conditioner thus sustaining the
crop yield without increasing the pollution due to
excessive use of the chemical fertilisers. The
objective of this review was to present an
overview of the biogas production and discuss
different possible organic substrates used for the
biogas production.

2. MICROBIOLOGY
PRODUCTION

OF BIOGAS

Methanogenesis is the production of biogas
(methane) by specific group of microorganisms
known as methanogens. Organisms capable of
producing methane have been identified only
from the domain Archaea, a phylogenetically
distinct group from both eukaryotes and bacteria,
although many live in close association with
anaerobic bacteria. The production of methane is
an important and widespread form of microbial
metabolism. In most environments, it is the final
step in the decomposition of biomass. This
process of anaerobic degradation requires a
coordinated action of different groups of
microorganisms  with  different  metabolic
capacities. The conversion of organic matters
into biogas is divided in three different stages:
hydrolysis, acid formation, and methane
production. These different stages are
collaborative in nature where the products of one
stage microbes will be the substrates for another
group. The process profits efficiently if the
degradation rates of the different stages are in
balance [11].




Methanogens share the properties of strict
anaerobiosis and the ability to reduce carbon
dioxide with molecular hydrogen to produce
methane. Some have the additional properties of
forming methane from simple substrates such as
formate, methanol, methylamine or acetate [12].
Methanogenic bacteria influence the overall
anaerobic metabolism of organic compounds
towards complete dissimilation to methane and
carbon dioxide. Anaerobic degradation of
substrates tends to shift from the formation of
hydrogen, carbon dioxide, and mixed organic
end products to the formation of acetate,
methane and carbon dioxide. The acetate formed
may then be again converted by acetate utilising
methanogens to produce more methane and
carbon dioxide [13]. Methanosarcina commonly
found in sewage sludge is also important
methane producing bacterium. It has also been
found in aquatic sediments and observed in large
numbers in some mesophilic digesters [14].
Zeikus [15] concluded that at least three groups
of bacteria viz. hydrolytic fermentative, syntrophic
acetogenic and methanogenic bacteria are
involved in the production of methane from
wastes.  Propionate  degrading  bacterium
Syntrophobacter wolinii in  co-culture with
Methanobacterium hungatei has been reported
from anaerobic sewage sludge digester [16].
According to Ramasamy [17] Ruminococcus
flavefacience, Eubacterium cellulosolvens and
Clostridium cellulovorens, Clostridium
thermocellum, Bacteroides cellulovorens, and
Acetivibrio cellulolyticus were some of the other
important fermentative bacteria present in cattle
dung fed anaerobic digesters. The pathways of
methane formation, CO, fixation, and ATP
synthesis are highly conserved among the

different H, utilising (hydrogenotrophic)
methanogens [18].

The methanogenic bacteria include
Methanobacterium, Methanobacillus,
Methanococcus and Methanosarcina.
Methanogens can also be divided into two
groups: acetate and H,/CO, consumers.

Methanosarcina spp. and Methanothrix spp.
(Methanosaeta) are considered to be
important in both groups of anaerobic digestion.
Kumar et al. [19] investigated the emission of
methane. They concluded that it has more
than 20 times the global warming potential of
carbon dioxide and that the concentration
of it in the atmosphere is increasing with
one to two per cent per year. Thomsen et al.
[20] found that increasing oxygen pressure
during wet oxidation on the digested bio-
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waste increased the total amount of methane
yield.

Methane producing archaea naturally combine
the processes of methanogenesis and
autotrophic growth  under  highly  variable
conditions with respect to the supply and
concentration of their energy ~ source [21].
Kaparaju and Angelidaki [22] reported the use of
Methanosarcina as inoculum for biogas
production at 55°C. Demirel and Scherer [23]
have reported that both acetotrophic and
hydrogenotrophic methanogens are involved in
conversion of particulate biomass to methane
and these are essential for last step of
methanogenesis. Victor et al. [24] showed that
Lactobacilluscanbe used as a better
enhancer for more biogas production with short
term of period compared with control
condition, though other tested organism of E. coli
also act as a modest range enhancer of biogas
production and utilising additives of these two
bacterial strains as the experimental wastes for
biogas production, it was observed that the
tremendous biogas production takes place within
a short period of time.

FOR

3. SUBSTRATES BIOGAS

PRODUCTION

There is a wide variety of substrates like animal
wastes, agricultural wastes (crop residues, weed
biomass), industrial wastes, municipal wastes
and vegetable wastes that have been tried for
biogas production. Mixed inoculum (dung and
poultry wash) was found to be best for
biomethanation.

Vegetable wastes generated largely in markets
were disposed in municipal landfill or dumping
sites [25]. To avoid all of these, vegetable wastes
could be used as a good substrate for biogas
production. Vegetable wastes due to high
biodegradable nature and high moisture content
(75-90%) seemed to be a good substrate for bio-
energy recovery through anaerobic digestion
process [26]. Pretreated sawdust and rice straw
were found to be good substrates for
biomethanation. Among different feed stocks,
Spirogyra (algae), Ipomeaand water hyacinth
were most effective whereas Jatropa gossypifolia
and Parthenium sp. were the least effective for
biogas production [27]. Anaerobic digestion of
organics will proceed best if the input material
consists of roughly 8% solids [28]. The isolates
from buffalo, pig and paper mill wastes appear to
be most effective. According to [29] food waste



contained well balanced nutrients for anaerobic
microorganisms.

3.1 Animal Wastes

Animal wastes need to be treated as a valuable
resource which can be used as a basis for
biogas production. Kumar and Biswas [30]
reported that besides the cattle dung, excreta of
other animals can also be used for biogas
production. A mixture of coir pith and cattle waste
at 3:2 ratio gave a better output of biogas among
other combination with 80-85% methane content
[31]. Nagamani and Ramasamy [32] studied
biogas production from cattle dung at different
temperatures and observed that although biogas
production was higher at 55°C but the process
was unstable due to higher production of volatile
fatty acids and specific microbial consortia was
needed for biomethanation. Desai and
Madamwar [33] reported biogas production of 2.2
I/I/ld from poultry waste, cattle dung and cheese
waste mixed in ratio of 2:3:1 at loading rate of 6 g
TS/l/d at 40°C. Broughton et al. [34] stated that
anaerobic digestion of sheep tallow with high
lipid content was amenable to mesophilic
digestion in batch system. Magbanua et al. [35]
reported higher yield of biogas (30-35 I’kg) from
a mixture of poultry waste and hog waste (2:1
ratio) as compared to each waste alone. Al Masri
[36] tried different combinations of sheep and
goat waste and olive cake and obtained good
biogas production with combination of sheep
waste and olive cake. Carrasco et al. [37] studied
the capability of dairy cow waste for biogas
production and found that cow’s wastes are more
reactive than other animal’'s wastes suggested it
as a good substrate over other animal wastes.

Yadvika et al. [38] reviewed the effect of
retention time and temperature on biogas
production from cattle dung using different
techniques and reported 35 I/kg biogas at
mesophilic temperature at a retention time of six
weeks. Masse et al. [39] obtained good yield of
methane from swine manure slurry and reported
0.23 I/kg of TS added within 5 weeks of digestion
period at 35°C. Kalia and Kanwar [40] studied
biogas production from different ratios of cattle
dung and sheep droppings and reported
maximum methane content from 25:75 (w/w)
ratio of sheep dropping and cattle dung as
compared to cattle dung alone. Llama and cow
manure were tested for biogas production, yield
was 49.6-131.3 litres CH4/kg VS and 35.6-84.1
litres CH4/kg VS at 35°C respectively. Llama
manure is best substrate for biogas production
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because of high VS, N and P [41]. Fernandez et
al. [42] reported that fats from animal and
vegetable origin were almost completely
degraded in high percentage in co- digestion with
simulated organic fraction of municipal solid
waste, confirming that anaerobic digestion of
lipids is possible.

Ojolo et al. [43] reported the average biogas
production equal to 0.0318, 0.0230 and
0.0143dm’/day, respectively from a comparative
study of poultry droppings, cow dung and kitchen
wastes. It was concluded that the wastes can be
managed through conversion into biogas.
Different animal manures have different potential
of methane production. Kusch et al. [44] studied
biogas production by use of dung from horse
stable straw bedding at mesophilic range of
temperature, methane yield reported was 170
litres CHs/kg VS. In view of the needs for
environmental management, waste recycling and
alternative energy resources, there has been on-
going work on biogas production with a locally
fabricated digester in Akwa I|bom State of
Nigeria. The first result exhibited that 0.032 m® of
biogas was produced from 180 litres of poultry
manure mixed with same volume of moisture in
16 days.

Using the same concentration of cow dung in a
repeat experiment, 0.015 m°® of biogas was
produced in 7 days [45]. Sangeetha et al. [46]
studied the biogas production from poultry waste
and the mixture of poultry and fish waste. Fish
wastes have high content of organic carbon and
ammonia nitrogen for methane production and it
was also found that the poultry wastes produced
more biogas than poultry droppings.

3.2 Agricultural Wastes

Crop residues from farming represent a large
unexploited energy potential that could be
harnessed by the production of methane-rich
biogas through anaerobic digestion. Hill and
Roberts [47] using semi- continuous digesters,
showed that methane production could be
increased by adding chopped field crop residues,
barley straw, rice hulls or rice straw to fresh dairy
manure. Maximum gas production was observed
with barley straw, followed by rice straw and
methane generation was maximal when the ratio
of non-lignin carbon to nitrogen ratio of these
feed stocks was around 30:1. Ghosh and Das
[48] studied anaerobic fermentation of mixture of
water hyacinth, algae, cattle dung and untreated
rice husk and reported that biogas was improved



and the biogas effluent was rich in N, P, and K as
compared to cattle dung alone. Studies with
various materials, such as crop straw, manure
mixtures, delignified straw, cellulose and other
agricultural substrates such as green leaves,
grasses, apple wastes, animal wastes and oll
cakes, have shown the potential substrates for
biogas production [49].

Alkali treated (1% NaOH for 7 days) plant
residues (lantana, wheat straw, apple leaf litter,
peach leaf litter) when used as a supplement to
cattle dung resulted in almost two fold increase in
methane production [50]. Anaerobic digestion of
a mixture of fruit and vegetable solid wastes was
studied at laboratory scale, using digesters
operated in the mesophiic range and
biodegradation was achieved around 75% in two
weeks [51]. Somayaiji and Khanna [52] reported
that addition of rice or wheat straw to cattle dung
slurry increased daily gas production from 176 to
331 I/kg total solids with 100% rice straw and 194
I’kg total solids with 40% wheat straw. Sahota
and Singh [53] reported that addition of rice husk
soaked in water at 20% level to cattle dung
digester increased gas production. Hutnam et al.
[54] used sugar beet pulp for biogas production
and reported 0.117 I/l/day biogas in 45 days.
Parawira et al. [1] used solid potato waste alone
and in combination with sugar beet leaves for
biogas production and found that biogas
production increased with increased concentra-
tion of potato waste.

Mahnert et al. [55] studied co-digestion of
grasses with cattle slurry in 60:40 ratio and
reported 75- 80% more biogas production with
methane content 59-63% as compared to when
used alone. Biogas production from ley crops
sugar beet tops was studied by Svensson et al.
[56] and reported high methane yield of gas with
a generation of nitrogen rich slurry from that
substrate. The C/N ratio is an important factor for
anaerobic digestion and it varies from substrate
to substrate. It was reported that C/N ratio of
about 15 was recommended for treating the
mixture of onion juice and aerobic sludge [57].
Diaz et al. [58] reported that the highest biogas
producers were rice with inoculum of matooke
(African bananas) and both these were rich in
carbohydrates and less fats. Due to rich
carbohydrates, they produced the highest biogas
in their experiment because carbohydrates are
rapidly digestible. Pang et al. [59] reported that
there was 27.3-64.5% increase in biogas yield
from rice straw during anaerobic digestion
through pretreatment with 6% sodium hydroxide.
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Ayu and Aryati [60] used cassava starch effluent
as a substrate for biogas production with
ruminant bacteria as biocatalyst using anaerobic
digester in which the pH (6.8 to 7.2) was
maintained to get maximum vyield. Lei et al. [61]
found that rice straw particles can be used as
substrate along with acclimated sludge and
different levels of phosphate under room
temperature conditions. Adebayo et al. [62]
reported that co-digestion of cattle slurry with
maize stalks at ratios 3:1, 1:1 and 3:1 at
mesophilic temperature gave biogas yields of
0.426, 0.385 and 0.391m3/kgoDM, respectively
while the methane yields were 0.297, 0.270 and
0.262m° CH4/kgoDM, respectively. Chandratre et
al. [63] analysed five agriculture wastes samples
for biogas production at laboratory scale and
observed that wheat stalk, soybean straw and
black grams stalk has potential for bio-energy
production. Legume straw of black gram, red
gram and wheat stalk can act major sources of
glucose and carbon as found to be high in total
carbohaydrate content in comparision to soybean
straw and groundnut shells.

3.3 Industrial Wastes

A number of industrial wastes are available for
anaerobic digestion. Balasubramanya et al. [64]
developed a batch fermentation method to
process this type of material for the production of
biogas. The willow dust treated with sodium
hydroxide (1% w/w) and inoculated with slurry
from anaerobically digested willow-dust followed
by fermentation reported the production of 17 m®
biogas from 100 kg capacity biogas plant in one
month. Boopathy et al. [65] reported 55-60%
methane production using distillery wastewater
(3.5 g COD/I/d) and found that the performance
of the experimental unit was as good as with
those of other types of reactors treating organic
waste waters. Ranade et al. [66] reported biogas
production of 35l/kg in 20 days of hydraulic
retention time with 48% reduction in VS from
waste of biscuit and chocolate industry.

Borja et al. [67] carried out anaerobic digestion of
waste from wine distillery in semi-continuous,
well- stirred fermentor with microorganisms
immobilised on sepiolite support. Substrate
concentration equal to or lower than 3.6 g COD/I
within the reactor resulted in a methane
production rate that was first-order with respect
to biodegradable substrate concentration. The
apparent rate constant was proportional to the
volatile suspended solids concentration and
product yield coefficient was 0.285 litres CH4/g



COD. Joseph and Sharda [68] studied effect of
organic feeding rate on biogas production from
tomato processing waste. They reé)orted
increased biogas production from 0.42 m°/kg of
volatile solids (VS) added as organic feedlng rate
increased from 0.5 to 2.9 kg of VS/m */d. The
anaerobic digestion of distillery waste has
become an attractive method for its
management. In India, the amount of distillery
waste generated in urban areas ranged from
400-600 g per capita/d as reported by Metcalf
[69] that biogas production of 30 litres g/lkg COD
from sea food processing industry with average
60-65% methane content. A good yield of biogas
(19 m%kg) with 52-55% methane from spent tea
leaves was reported by Ergurder et al. [70].

Ahmed et al. [71] reported gas production of 2.02
I/l/d at an organic loading rate of 12.6 g COD/l/d
from waste palm oil mill processing system at a
temperature of 55 C in 35 days of retention time.
Choorit and Wisarwan [72] studied anaerobic
digestion of palm oil mill of effluent at different
temperatures and reported gas production 3.73
I/l/ d with methane content of 69.53% at 55°C.
Bayret al. [73] studied anaerobic digestion of two
groups of industrial by-products, slaughter house
and rendering wastes, and pulp and paper
industry wastewater sludge which found to be
feasible. The methane yields of 170-240 dm®
kgVSfed ™ were obtained from the pulp and paper
mill wastewater sludge. Dere et al. [74]
suggested cotton waste as a good substrate for
biogas production.

3.4 Municipal Wastes

Municipal solid wastes such as fruit and
vegetable wastes, leaf litter, paddy straw, cane
bagasse, cane trash and paper are generated in
large quantities and their use for biogas
production has become a major interest of waste
management worldwide. The study of anaerobic
digestion of a mixture of paper, kitchen food
waste and sewage sludge at pilot scale was
conducted by Oleszkiewick and Hector [75] and
biogas production of 140 m’fton of TS was
reported. Converti et al. [76] studied biogas
production from the mixture of sewage sludge
and hydrolysed agricultural wastes and reported
5.6 mmol/dm® methane at an organic loading
rate of 4.6 g COD m’/d. Volumetric biogas
production about 0.35 I//d from municipal solid
wastes in a batch fermenter reactor in 35 days
time at 46°C was reported by Nouike and Mizuno
[77]. Rani [78] studied biogas productlon from
dairy effluent and reported that 0.25 m® biogas/g
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of TS added with 60-65% methane content at 35
days retention time at ambient temperature.

Murphy and Keogh [79] used municipal wastes to
generate CH, enriched biogas and utilised the
gas for combined heat and power generation and
for transport fuel. The addition of iron hydroxide
and iron-reducing bacteria into a reactor for
anaerobic processing of sulfate-containing waste
water was shown to decrease sulfate reduction
and sulfide concentration, while increasing the
total organic carbon and methane production
[80]. Igoni et al. [81] studied the effect of total
solids concentration of municipal solid waste on
the biogas production in an anaerobic continuous
digester and reported the total solid (TS)
concentration of the waste influence the pH,
temperature  and  effectiveness of the
microorganism’s decomposition process. Elango
et al. [82] reported enhanced biogas production
by addition of domestic sewage to municipal
solid waste The maximum biogas production of
0.36 mkg/d was observed at the organic
feeding rate of 2.9 kg VS/m’/d. The maximum
reduction of total solids was 87.6 and 88.1%
respectively with methane content 68-72%.
Ferrer et al. [83] investigated the effect of a low
temperature pre-treatment (70°C) on the
efficiency of thermophilic anaerobic digestion of
primary and secondary waste sludge. Biogas
production increased up to 30% both in batch
tests and in semi-continuous experiments.

Sagagi et al. [84] studied biogas production from
fruits and vegetables waste materials and
theirimpact on plants as fertiliser. It has been
observed that the highest weekly individual
production rate is recorded for the cow dung
(control) slurry with average production of (1554

) followed by p|neapple waste (965 cm ) and
orange waste (612 cm®). All the substrates were
found to be good materials for biogas production
and their spent slurries can be used as a manure
for plants. According to Voegeli et al. [85] the
methane in biogas produced from food waste
was 56.8%. Azlina et al. [86] used leachate from
municipal waste as feed into one litre digester
which was carried out in batch mode and the
amount of biogas detected was 1.2 to 1.5 mi/ml
leachate/day. Ofoefule et al. [87] created a
difference in anaerobic digestion by using paper
waste with the blend of cow dung. Retention
period of 43 days were used and the amount of
biogas produced was 9.34 dm? /kg slurry.
Retention time selected was twenty days for the
digestion to take place. Food waste from both
domestic and commercial sources has been



targeted for biogas production because of its
high biochemical methane potential [88].
Imasuen et al. [89] carried out anaerobic
digestion of fresh maize leaves at mesophilic
temperature (28 +2°C) for a period of 20 days.
The digester with 1:5 biomass: Water mix had
significantly high performance compared to
others and a maximum of 520 ml biogas was
obtained. Banks et al. [90] reported that the
stable digestion is possible at the high ammonia
concentrations associated with food waste by
selective trace element addition and suggested
that on-farm co- digestion of source segregated
domestic food waste was the most effective
means of making cattle slurry digestion
economically viable, with associated benefits in
greenhouse gas reduction and nutrient
management. Rico et al. [91] observed that
methane potential of sludge samples was
influenced by solid waste content. Sludge
samples from fat separator reached specific
methane productivities of 350 and 388 L CH4
kg™' VS (10.5 and 24.1 L CH, kg™ sludge), while
biological sludge yielded only 125 L CH, kg'1 VS
(12.6 L CH, kg ' sludge). Mehta et al. [92]
characterised compost, paddy soil, landfill waste
and kitchen waste to develop the microbial
inoculum for the improvement in biogas
production from cattle dung under semi-
continuous digestion system. The maximum
biogas production (144.2 litres) was observed on
supplementation of cattle dung with kitchen
waste and no increase with supplementation of
paddy soil. Dere et al. [74] evaluated biogas
production from different organic wastes and
observed that kitchen waste has high calorific
and nutritive value to methane producing
microbes and resulted in enhanced methane
production. Ravi Agrahari and Tiwari [93] also
observed that the kitchen waste is the best
alternative for biogas production in a community
level biogas plant.

4. DIFFERENT
SUBSTRA

STIMULANTS AS

Different stimulants were also usedalong with
organic substrates for the biogas production.
Vikram et al. [94] studied the effect of several
salts, FeCls, NiCl,, CoCl,, CuCl,, and ZnCl,, on
anaerobic digestion of water hyacinth-cattle
dung. Among the salts studied, FeCI3 caused a
more than 60% increase in gas production with
a high methane content. Preeti Rao et al. [95]
observed that when 50 mM FeSO, was added to
cow dung and poultry litter waste which were
processed in daily-fed batch digesters, digesters
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subsequently unfed showed a faster conversion
of substrate and overloaded digesters stabilised
within 48 h. Early stabilisation of digesters was
achieved by adding 20 or 50 mM FeSO, though
the latter concentration was faster. Ghosh and
Bhattacharyya [96] studied the biomethanation of
white and brown rotted rice straw and tested their
efficiency. Rice straw was treated with white rot
fungus Phanerochaete chrysosporium(PC) and
brown rot fungus Polyporus ostreiformis (PO).
VFA (Volatile Fatty Acid) production also
increased in PC and PO treated straw compared
to control straw which were 76.73 and 30.69%,
respectively. Reduction of COD was also been
found during biomethanation. The rate of
reduction of COD during the initial period of
digestion was 59.01, 55.55 and 26.00% in PC-
treated, PO-treated and control straw,
respectively after 21 days of digestion.

Vidhya et al. [97] attempted to study the effect of
caffeine and saponin on anaerobic fermentation
of food waste to examine their potential influence
on biogas production at 8% total solids (TS)
content. Addition of caffeine at 50, 100, and 150
ppm to the food waste on the first day resulted in
biogas production in 24 hours which normally
comes on 4" day. Ranjeet et al. [98] studied the
collected inocula from four different sources such
as Jajmau tannery waste (ITW) treatment plant,
Jajmau municipal waste treatment (IMW), Unnao
distillery (IDW) and a batch reactor, in which the
sludge of a field scale biogas reactor was added
to cow dung slurry to develop inoculum (IBS).
According to Getachew and Berhanu [99] the
fruit wastes are ideal candidates for anaerobic
digestion because they contain high levels of
easily biodegradable materials.

5. CONCLUSIONS

Biogas production by using microbes provides an
ecofriendly approach of renewable energy
production. The production of biogas is largely
depends to a largely depends on the nature and
cost of the substrate. Substrate selection is a
critical factor in determination of biogas
production. So, its selection is an important step
which results in enhancement of biogas
production. Organic substrates like agricultural
wastes, municipal, industrial wastes are proving
cheap and easily available substrates they can
enhance the biogas production and quality along
with the reduction of hazardous waste products.
The purpose of this review is to overview of
biogas production from different type of organic
waste products which can be informative toward
biogas economy.



COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

11.

Parawira W, Murto M, Zvauya R,
Mattiasson B. Anaerobic batch digestion of
solid potato waste alone and in
combination with sugarbeet leaves. Renew
Energy. 2004;29:1811-23.

De Baere L. Will anaerobic digestion of
solid waste survive in the future? In: Fourth
international symposium of anaerobic
digestion of solid waste. Copenhagen,
Denmark. 2005;1:34-51.

Sathianathan MA. Bio-gas achievements
and challenges published in association of
voluntary agencies for rural development:
Lakshmi book store. New Delhi. 1975;192.
Moulik TK, Singh JB, Vyas SK. The biogas
programme in India. In: Biogas technology,
transfer and diffusion. El-Halwagi MM.
(ed.) Elsevier Applied Science Publishers.
London. 1984;661-664.

Moawad H, Zohdy LI, Badr ElI Din SMS,
Khalafallah MA, Abdel Makdoud HK.
Assessment of anaerobically digested
slurry as a fertilizer and soil conditioner.
In: Biogas Technology Transfer and
Diffussion. EI Halwagi MM. (eds.) Elsevier
Applied Science Publishers London. 1984;
499-519.

Nand K, Devi SS, Vishwanath P,
Somayagi D, Sarda R. Anaerobic digestion
of canteen wastes for biogas production.
Process Biochem.1991;26:1-5.

Ranade DR, Yeole TY, Godbole SH.
Production of biogas from market waste.
Biomass. 1987;13(3):147-53.

Dhala SA, Rajor A. Biogas production from
vegetable waste at ambient and sub
mesophilic temperature. J Environ Biol.
1989;10(3):327-35.

Braun R. Anaerobic digestion: A multi-
faceted process for energy, environmental
management and rural development. In:
Improvement of crop plants for industrial
end users, Springer. Netherlands; 2007.
Zhang R, Zhang Z. Biogasification of rice
straw with an anaerobic-phased solids
digester system. Biores. Technol. 1999;
68:235-45.

Yong Z, Dong Y, Zhang X, Tan T.
Anaerobic co-digestion of food waste and

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Masih et al.; CJAST, 31(5): 1-12, 2018; Article no. CJAST.45336

straw for biogas production. Renewable
energy. 2015;78:527-30.

Mah RA, Smith MR, Baresi L. Studies on
an acetate fermenting strain  of
Methanosarcina. Appl Environ Microbiol.
1978;35:1174-84.

Smith MR, Mah RA. Growth and
methanogenesis by Methanosarcina strain
227 on acetate and methanol. Appl
Environ Microbiol. 1978;36:870-79.

Zinder SH, Mah RA. Isolation and
characterization of a thermophilic strain of
Methanosarcina unable to use H2-CO2 for
methanogenesis. Appl Environ Microbiol.
1979;38:996-1008.

Zeikus JG. Microbial population in digester.
In:  Anaerobic digestion. Stafford DA,
Weatly BI, Hughes DE. (eds.) Elsevier
Applied Science Publishers, London; 1980.

Boone DR, Bryant MP. Propionate-
degrading bacterium, Syntrophobacter
wolinii  sp. nov. gen. nov., from

methanogenic ecosystem. Appl Environ
Microbiol. 1980;40:626-32.

Ramasamy K. In: Proc. Nat. Symp. on
Community and Institutional Biogas
Complexes. Punjab Agric. Univ.; 1997.
Deppenmeier U, Lienard T, Gottschalk G.
Novel reactions involved in energy
conservation by methanogenic archea.
FEBS Lett. 1999;457:291-97.

Kumar S, Gaikwad SA, Shekdar AK,
Kshirsagar PK, Singh RN. Estimation
method for national methane emission
from solid waste landfills. Atmospheric
Environ. 2004;38:3481-87.

Thomsen AB, Lissens G, Baere L,
Verstaete W, Ahring B. Thermal wet
oxidation improves anaerobic biode-
gradability of raw and digested biowaste.
Environ Sci Technol. 2004;38:3418-24.
Poorter LMI, Geerts WJ, Keltiens JT.
Coupling of Methanothermobacter
thermautotrophicus methane formation and
growth in fed-batch and continuous
cultures under different H2 gassing
regimens. Appl Environ Microiol. 2006;73:
740-49.

Kaparaju P, Angelidaki [|. Effect of
temperature and active biogas process on
passive separation of digested manure.
Biores Technol. 2007;99:4919-28.

Demirel B, Scherer P. The roles of
acetotrophic and hydrogenotrophic
methanogens during anaerobic conversion
of biomass to methane: A review. Environ
Sci Biotechnol. 2008;7:173-190.



24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

Victor R, Shajin S, Roshni RM, Asha SR.
Augmentative invention of biogas from the
agronomic  wastes using facultative
anaerobic bacterial strain. Int J Curr
Microbiol App Sci. 2014;3(4):556-64.

Srilata HR, Krishna N, Sudhakar BK,
Madhukara K. Fungal pretreatment of
orange processing waste by solid-state
fermentation for improved production of
methane. Process Biochem. 1995;30:327-

331.
Misi SN, Forster CF. Semi-continuous
anaerobic co-digestion of agrowaste.

Environ Tech. 2002;23:445-51.
Chakraborty N, Sarkar GM, Lahiri SC.
Biomethanation of plant materials and
agricultural residues using dung samples
as wild population of microbes and also
with isolated methanogens. The Environ-
mentalist. 2002;22:173-82.
Habmigern. Biogas production:
methane digester for biogas; 2003.
Available:http://www.hamdmigern
2003.info/biogas/methane-digester.html.
Zhang R, El-Mashad HM, Hartman K,
Wang F, Liu G, Choate C, Gamble P.
Characterization of food waste as
feedstock for anaerobic digestion. Biores
Technol. 2007;98:929-25,30.

Kumar S, Biswas TD. Biogas production
from different animal excreta. Indian J
Agric Sci. 1982;52:513-20.

Radhika LG, Seshadri SK, Mohandas PN.
Effect of supplementation of cattle dung to
coir pith on biogas production. J. Chem.
Technol. Biotechnol. 1983;48:490-92.
Nagamani B, Ramasamy K. Biogas
production technology: An Indian
perspective. In: 31% annual conference of
association of microbiologist of India, Tamil
Nadu Agricultural University, Coimbatore,
India, India; 1991.

Desai M, Madamwar D. Effect of
temperature and retention time on
biomethanation of cheese whey-poultry
waste-cattle dung. Environ Pollut. 1994;83:
311-15.

Broughton MJ, Thiele JH, Birch EJ, Cohen
A. Anaerobic batch digestion of sheep
tallow. Water Res. 1998;32:1423-28.
Magbanua BS, Adams TT, Johnston P.
Anaerobic codigestion of hog and poultry
waste. Biores Technol. 2001;76:165-68.

Al Masri MR. Changes in biogas
production due to different ratios of some
animal and agriculture wastes. Biores
Technol. 2001;77:97-100.

The

Masih et al.; CJAST, 31(5): 1-12, 2018; Article no. CJAST.45336

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Carrasco EF, Omil F, Garrido JM, Arrojo B,
Mendez R. Advanced monitoring and
aupervision of biological treatment of
complex dairy effluents in a full-scale plant.
Biotechnology Program. 2004;20:992-97.
Yadvika Y, Santosh S, Sreekrishanan TR,
Kohli S, Rana V. Enhancement of biogas
production from solid substrates using
different techniques-a review. Biores
Technol. 2004;95:1-10.

Masse DI, Croteau F, Masse L, Danesh S.
The effect of scale up on the digestion of
swine manure slurry in psychrophilic

anaerobic sequencing batch reactors.
Trans ASAE. 2004;47:1367-73.
Kalia AK, Kanwar SS. Anaerobic

fermentation of sheep dropping for biogas
production. World J Microbiol Biotechnol.
2004;9:174-75.

Alvarez R, Villca S, Liden G. Biogas
production from llama and cow manure at
high altitude. Biomass Bioener. 2005;30:
66-75.

Fernandez A, Sanchez A, Font X
Anaerobic co-digestion of a stimulated
organic fraction of municipal solid wastes
and fats of animal and vegetable origin.
Biochem Eng J. 2005;26:22-28.

Ojolo SJ, Oke SA, Adesuyi BK. Utilization
of poultry cow and kitchen wastes for
biogas production: A comparative analysis.
Iranian J Environ Hith Sci Engg. 2007;4:
223-28.

Kusch S, Oechsner H, Jungbluth T. Biogas
production with horse dung in solid-phase
digestion systems. Biores Technol. 2008;
99:1280-92.

Bassey BE, John NM, ltuen EE. Biogas
production from organic waste in Akwa
IBOM state of Nigeria. In: Appropriate
Technologies for Environmental Protection
in the Developing World; 2009.

Sangeetha PA, Atharsha S, Saranyaa Sri.
Comparison of viability of biogas from
poultry waste and mixture of poultry and
fish waste. Int J Innovative Res Tech Sci.
2014;2(4):33-38.

Hill DJ, Roberts DW. Anaerobic digestion
of dairy manure and field crop residues.
Agric Wastes. 1981;3:179-89.

Ghosh TK, Das D. Maximization of energy
recovery in the biomethanation. Process
Biochem. 1982;17:39-42.

Gunnerson CG, Stuckey DV. Integrated
resource recovery-anaerobic digestion-
principles and practices for biogas



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

systems. World Bank Technical Paper No.
49; 1985.

Dar HG, Tandon SM. Biogas production
from pretreated wheat straw, lantana
residue, apple and peach leaf litter with
cattle dung. Biol Wastes.1987;21:75-83.
Viturtia AM, Mata-Alvarez J, Cecchi F,
Fazzini G. Two-phase anaerobic digestion
of a mixture of fruit and vegetable wastes.
Bio Wastes.1989;29:189-99.

Somayaiji D, Khanna S. Biomethanation of
rice and wheat straw. World J Microbiol
Biotechnol. 1994;10:521-23.

Sahota R, Singh R. Effect of supple-
mentation of cattle dung to rice straw on
biogas production. J Pl Sci Res. 1997; 13:
13-15.

Hutnan M, Drtil M, Mrafkova L. Anaerobic
biodegradation of sugar beet pulp.
Biodegradation. 2000;11:203-211.

Mahnert P, Heiermann M, Linke B. Batch
and semi-continuous biogas production
from different grass species. CIGR E. J;
2005.

Svensson L, Christenson K, Bjornasson L.
Biogas production from crop residue on a
farm scale level in Sweden: Scale, choice
of substrate and utilization rate most
important  parameters  for  financial
feasibility. Bioprocess Biosystems Engg.
2006;29:137-42.

Romano RT, Zhang R. Co-digestion of
onion juice and wastewater sludge using
an anaerobic mixed biofilm reactor. Biores
Technol. 2007;99:631-37.

Diaz JP, Bwanika M, Tumwesige V. Biogas
production from kitchen waste. Biogas.
2008;1-11.

Pang J, Zhang R, Hamed ME, Sun H, Ying
Y. Effect of food to microorganism ratio on
biohydrogen production from food waste
via anaerobic fermentation. Int J Hydrogen
Energy. 2008;33:6968-75.

Ayu A, Aryati VD. Biogas production using
anaerobic biodigester from cassava starch
effluent with ruminant bacteria as
biocatalyst. Thesis Dissertation, Chemical
Engineering, Department Technical
Faculty, Diponegoro University, Semarang;
2010.

Lei Z, Chen J, Zhang Z, Suginra N.
Methane production from rice straw with
aclimated anaerobic sludge: Effect of
phosphate supplementation. Biores
Technol. 2010;12:4343-48.

Masih et al.; CJAST, 31(5): 1-12, 2018; Article no. CJAST.45336

10

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Adebayo AO, Jekayinfa SO, Linke B.
Anaerobic co-digestion of cattle slurry with
maize stalk at mesophilic temperature. Am
J Engg Res. 2014;3:80-88.

Chandratre SJ, Chaudhari V, Kulkarni B,
Mahajan B, Bavaskar KP. Biogas
production from local agricultural waste by
using laboratory scale digester. Res J
Recent Sci. 2015;4:157-65.

Balasubramanya RH, Khandeparkar VG,
Sundram V. Large scale digestion of
willow-dust in batch digester. Biol Waste.
1986;25:25-32.

Boopathy R, Larsen VF, Senior E.
Biomass performance of anaerobic baffled
reactor (ABR) in treating distillery waste
water from a scotch whisky factory.
Biomass. 1988;16:133-43.

Ranade DR, Yeole TY, Meher KK, Gadre
RV, Godbole SH. Biogas from solid waste
originated during biscuit and chocolate
production: A preliminary study. Biol.
Wastes. 1989;28:157-61.

Borja R, Martin A, Luque M, Alonso V.
Kinetics of methane production from wine
distillery wastewater in an immobilized cell
bioreactor using sepioliteas support
medium. Resour Conserv Recycling. 1994;
10:317-27.

Joseph R, Sharda R. Studied on factor
influencing methane production from
potato processing waste. Biores Technol.
1994;27:1-14.

Metcalf INC. Waste water engineering
treatment disposal and reuse. Tata
Mcgraw-Hill, New Delhi; 1996.

Ergurder TH, Tezel V, Guven E, Demirer
GN. Anaerobic biotransformation and
methane generation potential of cheese
whey in batch and UASB reactors. Waste
Manage. 2001;21:643-50.

Ahmed Al, Ismail S, Bhatia S. Water
recycling from palm oil mill effluent using
membrane technology. Desalination. 2003;
157:87-95.

Choorit W, Wisarwan P. Effect of
temperature on the anaerobic digestion of
palm oil mill effluent. Environ Biotechnol.
2007;10:1-9.

Bayr S, Kaparaju P, Rintala J. Screening
pretreatment methods to enhance
thermophilic anaerobic digestion of pulp
and paper mill wastewater treatment
secondary sludge. Chem Engg J. 2014,
223:479-86.



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Dere AJ, Kalbande SR, Khambalkar VP.
Recent review on biogas production from
different waste. Int J Curr Microbiol App
Sci. 2017;6(10):3452-57.

Oleszkiewick JA, Hector MV. High solids
anaerobic digestion of mixed municipal
and industrial waste. J Environ Engg.
1997;123:1087-97.

Converti A, Drago F, Ghiazza G, Borghi D,
Machhiavello A. Co-digestion of municipal
sewage sludges and pre-hydrolysed
woody agricultural wastes. J Chem
Technol Biotechnol.1999;69:231-39.

Nouike T, Mizuno O. Hydrogen fermen-
tation of organic municipal solid waste.
Water Sci Technol. 2000;42:155-162.

Rani K. Biomethanation of dairy effluent.
M.Sc thesis submitted to CCS Haryana
Agric Univ Hisar; 2001.

Murphy D, Keogh E. Technical, economic
and environmental analysis of energy
production from municipal solid waste.
Renew Energy. 2004;29:1043-57.

Ivanov VN, Stabnikov VP. The effect of
various iron hydroxide concentrations on
the anaerobic fermentation of sulfate-
containing model waste water. Appl
Biochem Microbiol. 2005;42:321-26.

Igoni AH, Abowei MFN, Ayotamuno MJ,
Eze CL. Effect of total solids concentration
of municipal solid waste on the biogas
produced in anaerobic  continuous
digesters. Agric Engg Int CIGR E. J. 2007;
10:7-10

Elango D, Pulikesi M, Baskaralingam P,
Ramamurthi V, Sivanesan S. Production of
biogas from Municipal solid wastes with
domestic sewage. J Hazard Mat. 2007;
141:301-04.

Ferrer I, Ponsa S, Vazquez F, Font X.
Increasing biogas production by thermal
(70°C) sludge pre- treatment prior to
thermophilic anaerobic digestion. Biol
Engg J. 2008;42:186-92.

Sagagi BS, Garba B, Usman NS. Studies
on biogas production from fruits and
vegetable waste. Bayero J Pure Appl Sci.
2009;2(1):115-18.

Voegeli Y, Lohri C, Kassenga G, Baier U,
Zurburgg C. Technical and biological
performance of the arti compact biogas
plant for kitchen waste-case study from
Tanzania. Proceedings Sardinia. Twelveth
International Waste Management and

Masih et al.; CJAST, 31(5): 1-12, 2018; Article no. CJAST.45336

11

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Landfill Symposium, S. Margherita di Pula,
Cagliari, Italy; 2009.

Azlina W, Idris A. Preliminary study on
biogas production from municipal solid
waste (MSW) leachate. Engg Sci. Technol.
2010;4:374-80.

Ofoefule, Akuzuo U, Nwanko, Joseph I,
Ibeto, Cynthia N. Biogas production from
paper waste Kand its blend with cow dung.
Pelagia Res Lib. 2010;1(2):1-8.

Zhang L, Lee YW, Jahng D. Anaerobic co-
digestion of food waste and piggery waste
water: Focusing on the role of trace
elements. Biores Technol. 2011;102:5048-
59.

Imasuen AO, Olugbemide AD,
Ogungbemide DI, Osula J. Biogas
production from fresh maize leaves (Zea
mays): Effect of dilution ratios. Continental
J Appl Sci. 2011;6(1):21-24.

Banks CJ, Zhang Y, Jiang Y, Heaven S.
Trace element requirements for stable
food waste digestion at elevated ammonia
concentrations. Biores Technol. 2012;10:
127-35.

Rico C, Diego R, Valcarce A, Rico JL.
Biogas production from various typical
organic wastes generated in the region of
Cantabria (Spain): Methane yields and co-
digestion tests. Smart Grid Renew Energ.
2014;5:128-36.

Mehta S, Anand RC, Malik K, Kumar N,
Sujeeta.  Utilization of waste for
enhancement of biogas production. Int J
Agric Sci Res (IJASR). 2017;7:493-500.
Ravi PA, Tiwari GN. The production of
biogas using kitchen waste. Int J Energy
Sci (IJES). 2013;3(6):408-13.

Vikram BP, Patel AR, Patel MC,
Madamwar DB. Effect of metals on
anaerobic digestion of water hyacinth-
cattle dung. Appl Biochem Biotechnol.
1993;43:45-50.

Preeti Rao P, Seenayya G. Improvement
of methanogenesis from cow dung and
poultry litter waste digesters by addition of
iron. World J Microbio Biotechnol. 1993;10:
211-24.

Ghosh A, Bhattacharyya BC. Biomethana-
tion of white rotted and brown rotted rice
straw. Bioprocess Biosyst Eng. 1999;20:
297-02.

Vidhya P, Ganguly A, Srikanth M. Effect of
caffeine and saponin on anaerobic



98.

digestion of food waste. Ann. Microbiol.
2009;59:643-48.

Ranjeet S, Mandal SK, Jain VK. Develop-
ment of mixed inoculum for methane
enriched biogas production. Indian J
Microbiol. 2010;50:26-33.

Masih et al.; CJAST, 31(5): 1-12, 2018; Article no. CJAST.45336

99.

Getachew DG, Berhanu AD. Quantification
of the potential for biogas and biogas
manure from the selected fruit wastes in
Addis Ababa. Afr J Environ Sci Technol.
2013;7(12):1037-43.

© 2018 Masih et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/27735

12



