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ABSTRACT

In the present work, de-oiled rice bran is being considered as a new primary
feedstock for high specific methane production through anaerobic digestion process.
The investigation focused on an efficient and sustainable utilization of de-oiled rice
bran for clean fuel production. In order to solve the problem of environmental
pollution created by open on-field firing of stubble of rice straw, co-digestion of rice
straw and de-oiled rice bran has also been explored in deatil. The main objective of
the present research is to identify the most eligible candidate for the production of
biogas with a high reduction in carbon footprint. Biogas production from this feed
material could develop an eco-friendly and efficient life cycle, which also offers self-

sufficiency in meeting rural energy needs.

The proximate and ultimate analysis of de-oiled rice bran shows its immense
potential as an alternate feed material for biogas production. The analyses clearly
shows the presence of high proportion of volatile solids along with the favourable
carbon to nitrogen ratio, as compared to cattle dung, a most vividly material used as a
substrate for biogas production all around the world. The theoretical methane
potential too supports de-oiled rice bran as efficient biomass to be used as an alternate

feed material for production of biogas.

As de-oiled rice bran is a non-conventional and non-excreta type of bio-
material, development of an appropriate and suitable inoculum is of high importance
and requirement to initiate the anaerobic digestion process to ensure a stable and
stress-tolerant anaerobic digestion activity. To develop a self-sustained inoculum, a

special test rig ‘Secondary Inoculum Generator’ was developed in a 60 L capacity



anaerobic digester that was operated at mesophilic temperature condition in the first
phase of experimentation. The second phase of investigation was carried out to study
the hydrolytic behaviour of the de-oiled rice bran in biodigester to find the optimal
total solids loading rate. The hydrolysis experimentation using de-oiled rice bran as
substrate at four different total solids (TS) concentration, i.e., 5%, 7.5%, 10%, and
15% showed that 5% loading rate is the most favourable among other loading rates in
terms of digester pH and total dissolved solids (TDS) accumulation in the anaerobic
digester. In the third phase of experimentation, a 60 L capacity digester was operated
on semicontinuous feeding mode (using developed secondary inoculum) and at
mesophilic temperature for three months duration in triplicate reactors. The value of
average specific biogas and specific methane yields were found as 0.547 m’/kg VS
and 0.270 m’/kg VS, respectively after 90 days of the experiment. For the same
experiment, the average total volatile solids mass removal efficiency was found to be
52.1%. In the fourth and last phase of experimentation, a biodigester of gas
production capacity 1.0 m®/day was operated for one year (at the ambient temperaure
condition), and the obtained results were analysed and compared with the third phase
experimental results. The average specific biogas, average specific methane, and
average total volatile solids mass removal efficiency were found as 0.475 m’/kg VS,

0.273 m*/kg VS and 44.3%, respectively.

In the second set of experiments, co-digestion of rice straw with de-oiled rice bran
was studied in detail. Several materials such as cattle dung, food waste, kitchen waste
etc. have been used by researchers in the past for the co-digestion of rice straw. Some
of the common issues associated with these feed materials are the lack of continuous
on-site availability and the additional cost of their storage and transportation, which

all together making co-digestion of rice straw considerable expensive and tedious.
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Since the major limiting factor in the anaerobic digestion of rice straw is the high
carbon to nitrogen ratio, the favourable range was maintained by mixing nitrogen-rich
de-oiled rice bran with rice straw in determined ratio to provide an ideal environment
for the anaerobic digestion. At 5% TS concentration of the substrate while
maintaining the ratio of 3:2 (de-oiled rice bran: rice straw). At ambient temperature
condition, the average specific biogas production in terms of total and volatile solids
during 241 days of experimentation was found as 0.282 m*/kg TS and 0.332 m’/kg
VS. Again the average specific methane yield was found as 0.138 m3/kg TS and 0.162

m’/kg VS. The total volatile solid mass removal efficiency was found 41.2%.

At last, the techno-economics of de-oiled rice bran based biogas system for its
commercial viability was studied, where efforts were made to theoretically design a
system for power generation of 635 kW capacity using biogas generator. The results
of techno—economic analysis showed the payback period of less than three years,
which shows de-oiled rice bran based biogas power generation system is a significant,

profitable venture for industries involved in rice milling industries.
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SYMBOLS AND ABBREVIATIONS

% = percent
& = and
/= per
< = lower than
> = greater than
°© = degree
p = density
n = efficiency
°C = degree celsius
C/N = carbon - nitrogen ratio
d = day
db = drybasis
FFA = free fatty acid
g = gram
GDP = gross domestic product
h = hour
HRT = hydraulic retention time
kg = kilo gram
k] = kilojoule
kW = kilo watt
kWh = kilo watt hour
L = litre
m’> = cubic metre
mL = milli litre
mm =  milli metre
MMT = million metric tonne
MNRE = Ministry of New and Renewable Energy
MoPNG = Ministry of Petroleum and Natural Gas
MPa =  mega pascal
MW = mega watt
N = nitrogen

XX1



NH;
NH4
NOx
NVS
OLR

ppm
STP

TMP

TS
TVSMRE
A%

VFA

VS

yr

ammonia

ammonium ion

nitrogen oxides

non-volatile solids

organic loading rate

part per million

standard temperature and pressure
temperature

theoretical methane potential

total solids

total volatile solids mass removal efficiency
volume

volatile fatty acids

volatile solids

year
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