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Abstract
Biogas technology provides an alternative source of energy in countries with little or no crude oil and other
fossil fuels. This technology is hailed as appropriate technology that meets the basic need for cooking fuel
in these countries. Biogas is produced from local resources such as cattle waste and organic wastes which
act as substrate for the action of various strains and consortia of anaerobic bacteria which act on them at
favourable pH values. An attempt is made in this review to evaluate the factors affecting biogas production.
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1.0 Introduction

Conversion of organic matter to methane using
microbes has become attractive as a method of
waste treatment and resource recovery. This process
is anaerobic and is carried out by action of various
groups of anaerobic bacteria. Complex polymers
are broken down to soluble products by enzymes
produced by fermentative bacteria (Figure1,Group1)
which ferment the substrate to short-chain fatty acids,
hydrogen and carbon dioxide. Obligate hydrogen-
producing acetogenic bacteria metabolized fatty
acids (Figure 1,Group2). Hydrogen, carbon dioxide,
and acetate are the major products after digestion
of the substrate by the two groups are. Hydrogen-
oxidizing acetogens (Figure 1,Group 3) converts
hydrogen and carbon dioxide to acetate or to
methane by carbon-dioxide-reducing, hydrogen-
oxidizing methanogens (Figure 1, Group 4).
Aceticlastic methanogens (Figure 1,Group 5) also
converts acetate to methane. Studies [2,3] have
shown that about seventy per cent of methane from
biogas digesters fed with cattle dung is derived from
acetate.

2.0 Interactions Between The Various
Microbial Groups.

It has been reported (Wolin, 1979) that about
seventeen fermentative bacteria species play
important role  during production of biogas. It has

Figure1: Break down of complex polymer to soluble
products [1]

been discovered (Zinder, 1984) that the nature of
the substrate determines the type and extent of the
fermentative bacteria present in the digester. Studies
conducted by Ramasamy et al., (1990) indicates
higher presence of proteolytic organisms in cow
dung-fed digesters and other animals waste-fed
digesters. However, Preeti Rao et al. in their  findings
(Preeti, Shivaraj, and Seenayya, 1993) observed
that while cow dung-fed digesters supported higher
amylolytic microorganisms, poultry waste-fed
digesters showed high predominance of proteolytic
fermentative organisms which includes, Bacteroides
succinogens,  Butyrivibrio  fibrisolvens
Clostridium cellobioparum, Ruminococcus albus
and Clostridium sp.. The particulate-bound bacteria
have been known (Ramsamy, 1997) to show direct
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relation to the biogas yield from the digester (Figure
2). The action of fermentative bacteria on the
substrate yields a variety of products; however
volatile fatty acids are the primary products of
carbohydrate fermentation in biogas digesters, as
they are in rumen. The products of carbohydrate
metabolismhave been found to be dependent on the
partial pressure of hydrogen which can be maintained
either by hydrogen-oxidizing methanogens or
sulphate-reducing bacteria. However, the action of
former organisms in the biogas digester is preferred
since methane is produced as the end product.
Thauer et al.,(1997) reported that under these
conditions, oxidation of NADH and the conversion
of hexose to acetate, H

2
 and CO

2 
by fermentation

occurs, yielding 4 ATP molecules per hexose
molecule by glycolysis or acetyl phosphate pathway.
However, under conditions of higher hydrogen partial
pressure, formation of more reduced products
results in this order: propionate, butyrate, ethanol,
and lactate. Also, the fermentation of hexose either
to ethanol or lactate yields only 2 ATP per hexose
molecule by glycolysis (McInerney, and Bryant,
1981), hence depriving methanogens of the
substrate (acetate) needed for its growth and activity
(Godbole, Gore, and Ranade, 1981). Though less
in number, obligate hydrogen-producing acetogenic
bacteria are known  as one of the important groups
in biogas digesters. These organisms oxidize the fatty
acids that are longer than acetate and thereby release
energy from the substrate in the form of methane.

 Figure 2: Biogas yield by various bacteria in the biogas digester.

Reductive halogenation of various halogenated
aliphatic and aromatic compounds has been
considered to be the next important process by
fermentative group of organisms. Thauer et al.
(1997) observed that since these reactions can
support growth, they are thermodynamically
feasible. Anaerobic degradation of aromatic
compounds has also been found (Zinder, 1984) to
depend on hydrogen-consuming bacteria. Pathway
of methane formation by Methanobacterium
thermoautotrophicum is given in Figure
3.Maheswari et al. (Krishnan, et al., 1995)
developed a simple test kit that can be used at field
level to detect the problems of microbiological
process during anaerobic digestion of organic wastes
to methane.

3.0 Factors Affecting Biogas Production

Biogas production is influenced by various factors
such as biogas potential of feedstock, design of
digester, inoculum, nature of substrate, pH,
temperature, loading rate, hydraulic retention time
(HRT), C : N ratio,  and volatile fatty acids (VFA)

It was reported (Meher, Ranade, and Gadre,
1990)that the performance of floating dome biogas
plant was better than the fixed dome biogas plant,
showing an increase in biogas production by 11.3
per cent, which was statistically significant. Further
more, the observed reduction in biogas yield was

  46             Nwoye, Ofoegbu and Okoli



due to the loss of gas from the slurry-balancing
chambers of fixed dome plant. Studies (Dhevagi,
Ramasamy, and Oblisami, 1992) was carried out
on the use of different feedstocks like cow dung,
buffalo dung, dry animal waste, stray cattle dung,
goat waste, and poultry droppings for their
biomethanation potential. Results of the investigation
indicate that poultry droppings showed higher gas
production. Earlier comparison (Yeole, and Ranade,
1992) made between the rates of biogas yield from
pig dung-fed and cattle dung-fed digesters indicate
that the biogas yield was higher in the former. The
higher biogas yield was attributed to the presence
of native microflora in the dung (Yeole, and Ranade,
1992). It was reported (Shivaraj, and Seenayya,
1994) that digesters fed with 8 per cent TS of poultry
waste gave better biogas yield, attributing lower yield
of biogas at higher TS levels to high ammonia
content of the slurry.

The efficiency of different inoculum sources for
biomethanation have been tested (Dhevagi,
Ramasamy, and Oblisami, 1992). The use of goat
rumen fluid as inoculum at the rate of 8 per cent (v/
v) was found to be more efficient in production of
biogas. Furthermore, the digesters inoculated with
goat rumen fluid showed higher population of
cellulolytic anaerobic bacteria than other inocula
tested.

Optimum pH between 7.0 and 7.2 has been found
ideal for increased gas yield, though the gas

Figure 3: Pathway of methane formation by Methanobacterium thermoautotrophicum (Preeti,
Shivaraj, and Seenayya, 1993).

production was satisfactory between pH 6.6 and
7.6 as well. It has been reported (Chawla, 1986)
that the pH of the digester is a function of the
concentration of volatile fatty acids produced,
bicarbonate alkalinity of the system, and the amount
of carbon dioxide produced. Other findings (Sahota,
and Singh, 1996) show that the gas production was
significantly affected when the pH of the slurry
decreased to 5.0. It was observed that apart from
the decreased methanogenic activity due to lower
pH, the population of cellulolytic bacteria, amylolytic
organisms, and proteolytic organisms reduced by 4
and 2 log order, respective. Nagamani and
Ramasamy (Nagamani, and Ramasamy, 1991)
observed instability in the process of biogas
production though there was higher production at
55°C. They attributed the instability to higher
production of volatile fatty acids and that specific
microbial consortium was needed for biomethanation
of cattle waste at 55°C.

Optimum biogas production(Mital, 1996)has been
achieved at C : N ratio, 25–30 : 1. Ramasamy,
(1998) following his findings reported that the
optimum loading rate of the feedstock varied as per
its nature, and likewise HRT varied as per the loading
rate. Earlier report (Yeole, and Ranade, 1992)
indicate that an HRT of 14 days was optimum for
biogas production from cow dung. Gadre et al.
(1990) found that the optimum retention time for
the production of biogas from cattle dung is 15 d
HRT. They stated that this retention time was the
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best for maximum production of biogas from cow
dung. They further observed that shorter HRT
resulted in accumulation of VFA, whereas at HRT
longer than 15 d the digester components were not
fully utilized. Studies (Ranade, 1990) on the influence
of different TS content of biogas production revealed
that optimum production was observed at 8 per cent
TS. However, the methane content of the gas
produced was not found to vary significantly with
varying levels of TS. Hence, they suggested that high
TS content of 14% cattle dung (2 : 1 dilution) can
be followed in areas during the time of water scarcity
rather than discontinuing the feeding of the digester.

It has been found (Taiganides, 1980) that in a normal
anaerobic fermentation process, concentration of
volatile fatty acids in terms of acetic acid should not
exceed 2000–3000 mg l– 1. Studies (Ramasamy, et
al., 1994, and Nagamani, 1995) indicates that even
a concentration of 8 mM of propionate and 20 mM
caproic acid completely inhibited the activity of both
Methanosarcina sp. and Methanobacterium sp.,
thereby affecting the biogas production. Previous
report (Ramasamy, 1990) shows that caproic acid
accumulation was toxic to methanogenesis from cow
dung-fed digesters.

4.0 Design of Digester and Distribution of
Anaerobic Microorganisms

Two tested designs: floating gas holder type and fixed
dome type are being widely employed. Though
economics of the model and their suitability are well
documented, much work has not been done on the
microbiological aspects of these digesters.
Kalaichelvan et al., (1992) studied the relationship
between the different digesters, namely, KVIC steel
drum, Ganesh model, Deenabandhu, and Gayathri
model biogas plants, and the microbiological aspects
related to biogas production. They observed that
though there was no significant variation in biogas
production between the different models tested,
Deenabandhu model biogas plant harboured higher
methanogenic population than other model biogas
plants. Generally, fixed dome digesters showed
higher microbial distribution of all trophic levels than
floating drum type biogas digesters.

5.0 Effect of Metals on Biogas Production

The presence of some metals also influences the

biogas production. Seenayya et al., (1992) studied
the influence of various metals on biogas production.
They observed that  respective addition of calcium
(5 mM), cobalt (50 µg g– 1 TS), Iron (50 mM),
magnesium (7.5 mM), molybdenum (10–20 mM),
nickel (10 µg g– 1 TS) as well as in combination
enhanced the biogas production. This they attributed
to the increased methanogenic population in the
digesters. Addition of nickel at 2.5 ppm was found
(Geetha, 1990) to increase the biogas production
from digesters fed with water hyacinth and cattle-
waste blend.They attributed this to higher activity of
nickel-dependent metalo-enzymes involved in biogas
production. Jain et al., (1992) also reported
increase in the biogas production and methane
content on addition of Cd and Ni at 600 and
400 µg g– 1 of dry matter, respectively. They however
observed that iron or manganese at 1100 µg g– 1 of
dry matter did not influence the yield of biogas.  It
was observed (Preeti, and Seenayya, 1994) that
addition of iron as ferrous sulphate at 50 mM level
showed faster bioconversion of both the cow dung
and poultry waste. They further reported increase
in the population of methanogens on addition of iron
at 20 mM level, and that methanogenesis was also
enhanced by 40 and 42 per cent in cow dung-fed
digesters as well as in a poultry waste-fed digester,
respectively. Addition of cobalt (0.2 mg l– 1) was also
found (Jarvis et al., 1997) to improve the gas yield
and methane content of gram clover silage-fed
digester. They further reported that addition of cobalt
helped to achieve a higher organic loading rate of
7.0 g VS l– 1 d– 1 in a period of 2 days. Whereas
without cobalt addition even an organic loading rate
of 5.0 g VS.l– 1. d– 1 was achieved only after 70 days
of operation. Following research conducted by Raju
et al., (1991) addition of cobalt, nickel, and iron
were found to increase the biogas production from
mango peel-fed digester which was several folds
higher than the control. Studies (Singh et al., 1993),
also show that addition of borax and diborane at
0.2 g/l increased the gas production from digesters
fed with water hyacinth as the substrate.

6.0 Alternate Feed Stocks

Animal wastes are generally used as feedstock in
biogas plants and their potential for biogas production
is given in Table 1. However, the availability of these
substrates is one of the major problems hindering
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the successful operation of biogas digesters. It has
been reported that the availability of cattle waste
can support only 12–30 million family-size biogas
plants against the requirement of 100 million plants.
Studies (Jagadeesh, 1996) have shown that a
significant portion of 70–88 million biogas plants can
be run with fresh/dry biomass residues.

Table 1: Potential biogas production from different
feedstock (Khendelwal, and Mahdi, 1986).

Various substrates have been explored for biogas
production. For biogas production, it has been found
(Smith et al., 1992) that the two most important
parameters in the selection of particular plant feed
stocks are the economic considerations and the yield
of methane for fermentation of that specific
feedstock. They reported that the highest yield of
methane was obtained from root crops followed by
forage grasses, and fresh-water aquatics, following
their assessment of the methane yield from fresh-
water aquatics, forage grasses, roots and tubers, and
marine species . Marine species were found (Smith
et al., 1988) to give the lowest yield of methane.
Methane yield and kinetics have been found to be
generally higher in leaves than in stems (Chyniweth
et al., 1993). This concept was confirmed by
Sharma et al. (1988 and 1989), using Ipomoea
fistulosa as substrate. Observations on biogas
production from food industry wastes(Krishnanand,
1994) and from different biomass (Gunaseelan,
1997) have shown that pretreatment of feedstock
improved the biogas yield and methane content from
biomass-fed digesters. It was observed (Gunaseelan,
1997) that though the agricultural residues, such as
straw, need to be reduced to a particle size of
0.4 mm for better biogas production, succulent
leaves such as Mirabilis sp., Ipomoea fistulosa,
etc. can be fed without any shredding.  Evaluation
of the biogas potential of Gliricidia sp., Albizia sp.,
and Parthenium sp. in plug flow digester has been
carried out (Ramasamy et al., 1995). Results from
this evaluation indicate that biogas yield from these
feedstocks improved with specific inoculum. It was

reported (Gunaseelan, 1994) that pretreatment with
NaOH increased the gas production from
parthenium-fed digesters (0.46 m3 m– 3 d– 1 and the
methane yield was 0.11 m3 kg– 1 VS). In previous
reports (Deshpande et al., 1979 and Mallick et al.,
1990) water hyacinth was used as alternate substrate
together with cattle waste for biogas digesters.
Chanakya et al., 1995) developed horizontal plug
flow (PF) digester and solid state stratified bed (SSB)
digester for biomethanation of biomass and observed
that SSB performed better in terms of stability and
gas production.

It has been reported (Radhika et al., 1983) that a
mix of coir pith and cattle waste at 3 : 2 ratio gave a
better gas output and that the methane content was
in the range of 80–85 per cent. Later report
(Jagadeesh, 1990) indicate that mixing calcium-
hydroxide-treated coir pith with cattle waste slurry
to adjust to a total solids content of 9.2 per cent
gave a biogas yield of 0.152 m3 kg– 1 of dry matter d–

 1. However, it was found (Deivanai, and Kasturi,
1995) that biomethanation of coir pith was slow.
This was attributed to higher lignin content of the
waste.

It was reported (Dar, and Tandon, 1987) that
feeding the digester with NaOH-pretreated
Lantana camera along with cattle waste gave 62%
higher yield in biogas. Usage of alternate feedstock
as deoiled castor-oil cake and at a loading rate of
8 kg TS m– 3 d– 1 has been reported (Gollakota, and
Meher, 1988). Studies (Nagamani et al., 1992)
carried out on the possibility of producing biogas
from different deoiled cakes like castor, neem,
groundnut, and coconut revealed that accumulation
of long-chain fatty acids, and propionate after four
weeks of digestion inhibited the methanogenic
process.

It has been found (Sharma et al., 1988) that banana
peel size-reduced to a particle size; 0.4 mm gave
better gas production. Mallick et al.(1990) reported
that when Cannabis is used for biogas production,
fresh Cannabis at 31% completely stops the biogas
production due to the higher presence of alkaloids.
Jagadeesh et al.(1990) observed that pretreatment
of slacked lime and partial aerobic decomposition
for 6 days removed the methanogenic inhibitors,
hence improving the digestibility of Eupatorium

Feedstock         Availability
       (kg animal-1d-1)

    Gas yield 
    (m3kg-1)

Cattle waste
Buffalo waste
Piggery waste
Chicken waste
Human excreta

               10
               15
              2.25
              0.18
               0.4

       0.36
       0.54
       0.18
       0.011
       0.028
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odoratum. It was reported (Kalia, and Kanwar,
1990) that the partially decomposed (5 days aerobic
decomposition) Ageratum can be used as substrate
together with cattle waste for biogas production. Tea
leaf waste has been successfully used as a feedstock
by farmers of Jodhpur, Rajasthan. Their experimental
trials yielded 12 cu.feet gas kg– 1 of waste.
Conventional biogas digesters have been found
(Anonymous, 1992) to require 10 kg of cattle waste
to produce an equivalent quantity of biogas. It was
reported (Sahota, and Rajinder, 1997) that addition
of rice husk soaked in water at 20 per cent level to
cattle dung digester increased the gas production.

Eight aquatic weeds have been studied by Abbasi
et al. (1990) to ascertain their biogas production
potential. They reported that Salvinia and
Ceratopteris yielded a biogas output as high as
0.2 m3 kg– 1 VS. Further work by Abbasi and
Nipaney (1991) reported that addition of inoculum
sustained biogas production from Pistia for 10 days.
It was also suggested (Balasubramanian, and
Kasturi, 1992) that  Wolffia and Lemna grown in
slurry of cow dung-fed digesters can be effectively
used for biogas production together with cow dung.

In the case of fruit wastes, It has been reported
(Anonymous, 1989) that tomato, mango, pineapple,
lemon, and orange processing waste, yielded 0.62,
0.56, 0.77, 0.72 and 0.63 m3 of biogas/kg of VS
respectively. It was established (Krishnanand, 1994)
that Mango peel supplemented with urea to adjust
the C : N ratio to 20–30 : 1 resulted in the stability
of the digester. Krishnanand (1994) further reported
that addition of nitrogen in the form of silkworm
waste and oilseed extracts, such as neem and castor,
increased the methane content. Investigation
(Viswanath, et al., 1992 ) on the influence of
successive addition of fruit and vegetable solid
wastes on the performance of biogas digester shows
that the digester was stable at a loading rate of 3.8 kg
VS m–3 d– 1. They further observed that no noticeable
changes in the rates and yields of biogas occurred
as a result of minor manipulation in nutritional and
operational parameters which practically helped in
the functioning of the digester fed with different fruits
and vegetable wastes (mango, pineapple, tomato,
jack fruit, banana, and orange) for a considerably
long time. Studies carried out on  Pilot plant (of
volumetric capacity 1.5 m3 and digester type KVIC)

with mango peel showed that supplementation with
essential nutrients improved the digestibility of
feedstock, yielding as high as 0.6 m3/kg VS with a
biogas content of 52% at a loading rate of 8–10%.
Also, addition of sugarcane filter mud at a rate of
200 g/4 kg of mango peel in 1.5 m3 digester
increased biogas yield substantially with a methane
content of 60%. It was also reported (Krishnanand,
1994) that addition of extract of nirmali seeds, hybrid
beans, black gram, and guar gum seeds (as
additives) at 2–3% level increased the biogas
production significantly. This increment was
attributed to the galactomannan constituent of the
leguminous seeds which increased the floc formation,
thereby retaining the organisms in the digester.

Studies by (Sarada, and Joseph, 1994) on the
microbiology of digesters fed with tomato-
processing waste, revealed that in batch digestion,
the population of methanogens was less due to the
drop in pH of slurry. However in semi-continuous
digestion, biogas yield of 0.42 m3 kg– 1 VS was
reported following increase in the population of
cellulolysers, xylanolysers, pectinolysers,
proteolysers, lipolysers, and methanogens with
increase in hydraulic retention time (HRT). Results
of previous studies (Mahadevaswamy, and
Venkataraman, 1990) on the feasibility of mango
processing waste for biogas production indicates a
biogas output of 0.21 m3 kg– 1 TS. A summary of
selected alternate feedstocks and their potential for
biogas production is given in Table 2.

7.0 Other wastes

Yeole et al., (1984) investigated the feasibility of
using industrial canteen waste as a feedstock in biogas
digesters. They concluded that for successful
operation, a reduction in particle size of the waste
below 2 cm, and feeding at the rate of 8–10 TS is
paramount. Studies (Ranade, et al., 1987) carried
out on the biomethanation potential of market waste
indicate that the digestion process was stable at 20
days HRT with 48% reduction in VS and with biogas
production of 35 litre kg– 1 d– 1. They also studied
the prospect of biogas production from solid waste
originating from biscuit and chocolate industry. Their
findings indicate that 40 d HRT was optimum for
biogas production of 466 l kg– 1 of waste d– 1 with
57% methane and 65% VS distribution.
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NA= Not Available.

It has been reported (Yeole et al., 1989) that biogas
production was adversely affected when higher
loading rate corresponding to a shorter HRT turned
the fermenting slurry of waste from liver and beef
extract industry waste acidic. They reported, at 30 d
HRT removal of 91, 89, and 74% BOD, COD and
VS was attained, yielding 0.897 m3 kg– 1 TS d– 1 of
biogas. Further work, (Yeole, and Ranade, 1997)
reported that a loading rate of 0.7 kg COD/m3/d
was optimum for biogas production of 13 m3/m3 of
waste/day from the liquid waste emanating from liver
and beef extract industry. Studies (Chitra, and
Ramasamy, 1992) on the biogas production from
mycelial waste revealed that the process was stable
at 50 days HRT, yielding 0.652 m3 biogas m– 3 of
digester. Shorter HRT of 30 and 40 days was found
to result in acidification of digester due to
accumulation of VFA.

Feedstock Hydraulic retention time Organic loading 
rate (kg VS m-3d-1

Methane yield 
(m3 kg-1 VS)

Reference

Fruit wastes

Tomato processing 
waste

Banana peeling
0.088mm size
0.40mm size
1.0mm size
6.0mm size
30 x 10 mm size

Paddy straw
0.088 mm size
0.40 mm size
1.0 mm size

Mirabilis leaves
0.088 mm size
0.40 mm size
1.0 mm size

         8
        16
        20
        24
        16
        16
        16

        
        24

       NA
       NA
       NA
       NA
       NA

      NA
       NA
       NA

       NA
       NA
       NA

           3.8
           3.8
           3.8
           3.8
           5.7
           7.6
           9.5

           
           4.3

           NA
           NA
           NA
           NA
           NA

           NA
           NA
           NA

          NA
          NA
           NA

       0.030
       0.250
       0.320
       0.190
       0.110
       0.040
       0.420

       
       0.420

       0.408
       0.409
       0.396
       0.374
       0.271

      0.365
      0.367
      0.358

      0.339
      0.341
      0.329

Viswanath et al. (1992)

Sarada and Joseph (1994)

Sharma et al. (1988)

Sharma et al., (1988)

Sharma et al., (1988)

Table 2: Selected Alternate Feed Stocks and Their Potential For Biogas Production

8.0 Conclusion

In as much as biogas production technology has
placed itself as a technology with great potential
which could make significant impact in countries
inflicted with economic crisis resulting form very high
cost in the energy consumed by the populace
especially in the rural areas, it has generally not made
any real and expected impact on the total energy
scenario despite availability of biogas digesters and
the technical-know-how. Some of its serious
limitations include availability of feedstock followed
by defects in construction, and microbiological
failure. However, on reviewing the literature, a long
list of alternate feedstocks and their potential for
biogas production was found. It is now most
auspicious and timely that biocatalysts which are
substrate-specified are made available to reduce the
lag period of biomethanation during the start-up. Plant
failures will be controlled through regular supply of
inoculum and quality control on the marketable
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inoculum. Furthermore, designs to suit the microbial
catalysts have been under review and consideration
for long, but have yet to be realized and adopted.
This is a clear indication that the technology transfer
is not yet complete. This therefore requires
collaborative efforts of microbiologists and engineers
to challenge and overcome these limitations in order
to translate this ‘high potential’ technology to ‘high
sustaining technology’.
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