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ABSTRACT
The rice husk contains a high amount of organic matter, which is broken down by microbial activity using
anaerobic digestion, yielding biogas. The various percentages of total solids (Ts) concentration of rice straw
effect of agitation time, pH, temperature and effectiveness of microorganisms in the decomposition pro-
cess were studied in order to determine the conditions for an optimum biogas yield. A floating dome
anaerobic digester wasutilised, which contains different percentages of the Ts, and the biogas yield ismon-
itored directly by a digital gas flowmeter. It is observed that the amount of biogas yield generated for 10%
Ts, 20% Ts and 30% Ts was 1.13, 1.25 and 1.03m3, respectively. The result shows that 20% Ts concentration
and 15min agitation time and pH of 7.2 had the maximum biogas yield.
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1. Introduction

When agriculture straw residues are burned to generate energy
directly through combustion, only a lowpercentageof thewaste
has been obtained, due to utilisation of insufficient burner, as
reported by Suntikunaporn et al. (2014). Hence, in the pur-
suit to develop an efficient usage of its potential energy con-
tent, anaerobic digestion process is discovered to generate a
clean, environmentally healthy and economical gas as one of
the best options for straw residues (Krishania et al. 2012). The
amount of agricultural straw generated in India is approxi-
mately 60,000 tons/day, which contains more than 80% of alka-
line materials (Riya et al. 2016). Among the various renewable
energy resources available, biomass is oneof themost important
promising renewable energy, which will play an important role
in the future. Biogas is a gaseous product obtained upon anaero-
bic decomposition of organic materials and a renewable source
togeneratebiogas (Abubakar and Ismail 2012). There are various
factors that affect the biogas yield such as inoculum, total solids
(Ts), volatile solids, stirring effect and temperature.

Among these factors, Ts and agitation time are the prime fac-
tors that affect the survival growth and activities in the biogas
production (Yavini, Chia, and John 2014). Acid production (pH)
is an important factor affecting the development ofmicroorgan-
isms during the digestion period. Generally, maximum biogas
yield is obtained using an anaerobic reactor in the pH range
of 6.8–7.2 (Tanimu et al. 2014). It occurs as a volatile acid,
which is converted to CH4 and carbon dioxide. The pH range
of an anaerobic reactor is significantly affected by the methane
content of biogas yield (Weiland 2010). It is stated that the
higher the amount of Ts fed into the digester, the larger the
amount of volatile acids formed in the digester, which shows
the higher impact of alkalinity and pH value of the digester.

CONTACT S. Sathish sathishamg88@gmail.com

Generally, reactor conditions such as pH value, temperature, Ts
and agitation time as well as feedstock characteristics such as
volatile solids content, carbon/nitrogen ratio, particle size of the
feeding materials and bio-degradability affect the performance
of the digester and biogas (Sathish and Vivekanandan 2015a,
2015b). Agitation of digester slurry is a process to make stability
by preventing stratification of digester materials and tempera-
ture for uniform contact between the microbial community and
organic loading rate (Weiland 2010). There are different anaero-
bic microbe communities functioning in the different tempera-
ture ranges such as mesophilic (35°C) and thermophilic (55°C).

This makes the thermophilic process more efficient and it
will generate a higher rate of biogas yield. The biogas gener-
ation rate mainly depends on substrate concentration (Babaee
and Shayegan 2011). This work examines the rice husk to pro-
duce the maximum biogas yield with the effect of different
percentage of Ts, pH and agitation time. The sizes of the reac-
tor determine the scale of biogas plants, which vary from few
cubicmetres and other the case of small household installations
(Figure 1).

Anaerobic digestion of rice husk and cow dung is consid-
ered to improve their fertiliser value. Because straws and slurries
from different wastes are mixed and co-digested, providing a
more balanced content of nutrients to increase the biogas yield
(Deressa et al. 2015). This type of digestion process achieves
multiple environmental benefits and generates a renewable
resource. Biogas technology is also potentially useful in the
recycling of nutrients back to the soil (Jin et al. 2014). Burning
non-commercial fuel sources, such as rice husk and cow dung
in our countries where they are used as fuel instead of as fer-
tiliser, leads to a severe ecological imbalance, since thenutrients,
nitrogen, and phosphorus, potassium and micronutrients are

© 2017 Informa UK Limited, trading as Taylor & Francis Group
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Figure 1. Schematic view of the experimental setup.

essentially lost from the ecosystem (Sathish and Vivekanandan
2015a, 2015b).

The methane and acid-producing bacteria act symbiotically
where acid-producing bacteria create an atmosphere with ideal
parameters for methane-producing bacteria (anaerobic condi-
tions, compounds with a low molecular weight). On the other
hand (Sathish and Vivekanandan 2016), methane-producing
microorganisms use the intermediates of the acid-producing
bacteria.

2. Experimental andmaterials

This study is carried out in a portable anaerobic floating
dome-type digester with a capacity of 1.0m3. The experi-
ments were conducted with batch-type process under fixed
hydro retention time (HRT). The reactor is made up of fibre
material.

The raw materials such as cow dung and rice husk are taken
from the nearby Chennai city and the feeds are dried 10 days in
sun light and crushed mechanically. The slurry of cowdung as
an inoculum is the starter for the digester. The bio-reactor is fed
with waste by volume as 60:40 with different percentages of Ts
– 10%, 20% and 30%, respectively. The temperature was main-
tained between 30°C and 50°C with different stirrer timings to
agitate the digester slurry at 5 to 25min. The acid production pH
level is maintained using NaOH solution. In all cases of experi-
ments, the quantity of biogas yield is measured at intervals of
24 hours with an analog digital gas flow meter in the period of
HRT at 25 days for all three different percentages of Ts. The tem-
perature of the reactor is measured with thermocouples, and
then initial and final pH are monitored using a pH digital redox
meter. The pneumatic stirrer is used to agitate the digester slurry
regularly and the digested slurry is collected from the digester to
be used as an organic fertiliser.

3. Result and discussion

It has been found from Figure 2 that the maximum daily biogas
yields are1.25, 1.1 and 1.0m3, respectively. It is obtained on17th
day of digestion from 20% Ts, 10%Ts and 30% Ts, respectively.
The formation of biogas yield is high during 17th to 20th day
since, 20% Ts with temperature of 42°C. The biogas yield is very
high in 20% Ts when compared to the other Ts percentage.

Biogas yield from 20% Ts is due to the enhancement of
nutrition present in the feedstock content and also C/N con-
tent increases the methanogenic bacterial growth, in response
to this it also make a bad odour in the period of fermentation
suggested (Sathish, Chandrasekaran, and Parthiban 2017). The
acid production pH of the digester decreases at the time bio-
gas yield is very low rate. Figure 3 shows the pH range with
respect to hydraulic retention time. The maximum biogas yield
was achieved during17th to 19th day of digestion, with a pH of
7.2 to 7.4.

Figure 2. Daily biogas yields with HRT.
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Figure 3. Acid production pH ranges with HRT.

The range of pH is gradually increased than end of diges-
tion value is reduced. When the pH value is maintained at a
proper range, the timedigester performance is high. Biogas yield
decreases when the pH range obtained is lower than 5, as the
methanogenic generation is decreased in the digestion period.
On theotherhand, Figure4 shows theeffect of theagitation time
on biogas yield with HRT. The results indicated that the period
of 20–25min is the best option for floating dome-type digesters
obtaining the maximum biogas yield. Therefore, the pneumatic
stirrer had a slight force on biogas yield with different percent-
age of Ts. These results noticed that the stirring process is amost
important parameter that enhances the biogas production from
bio-digesters as well as enhances its efficiency of the floating
dome-type digester.

Figure 5 illustrates the effect of temperature in biogas yield
with respect to HRT. Temperature is also accounted for in the
analysis of biogas yield. When the temperature of the digester
fluctuates, a change in biogas production is expected. The
results noticed that the maximum biogas yield achieved in
the temperature range of 45–50°C. Hence, in this experiment,
45–50°C is found to yield a higher amount of biogas and a
higher efficiency of the digester. Methanogen, hydrolysis and
acidification were all affected by temperature fluctuation, as

Figure 4. Agitation time with HRT.

Figure 5. Temperature of digester slurry with HRT.

indicated in another study (Desai, Palled, and Mathad 2013).
Generally, most of the pathogenic bacteria are destroyed in the
thermophilic temperature range. The performance of the float-
ing drum digester is very efficient and satisfactory. The problem
of corrosion, which influences the generation of biogas yield, is
ruled out because a fibre-type floating dome digester is used
which can withstand higher temperature and different Ts con-
centrations.

4. Conclusion

The outcome of this work has shown that most of the microor-
ganisms associated with the anaerobic digestion of rice husk
with the cow dung. This type of digestion is the best method
for biogas generation from rice husk. Generally, production of
biogas from biomass is based on the amount of acid forma-
tion, which depends on the type of biomass used. The biogas
yield rate is found to vary according to total solid concentrations,
stirring time and temperature.

The important factor to be controlled during the period of
anaerobic digestion process is the amount of Ts, temperature,
pH range and agitation time. Therefore, anaerobic digestion
using rice husk to generate biogas represents an environmen-
tally attractivemethod to treat and simultaneously convert such
a waste mixture to a useful energy source. The digestate could
be utilised as a fertiliser in soils that requires moderate or no
phosphorous supplementation due to digestate high nitrogen-
to-phosphorous ratio.
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