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The use of the Nisargruna biogas plant is an efficient approach for solid waste management (SWM) with the
simultaneous production of digestate and bioenergy. Monitoring of total solids and biodegraded metabolites
of carbohydrates, proteins, and fats at different stages of digestion can provide comprehensive information
about the efficiency of biogas plants. The current study was carried out to characterize the generation of solids
and degraded biomolecules in the raw, predigested, and digestate (completely digested) slurry during the
different stages of the two-phase Nisargruna biogas plant. It was conducted based on standard gravimetric
techniques and biochemical assays. Our results indicated a significant reduction in total solids (40%—45%),
carbohydrates (60%—65%), proteins (40%—45%), lipids (15%—-20%), sugars, and free amino acids (65%—70%)
in the predigested slurry, as compared to the raw slurry. In addition, only formic acid (2-2.5ul/ml) was detected
in the raw slurry, whereas a significant amount of acetic acid (25-30 ul/ml) and small quantity of butyric acid (1
wl/ml) was detected in the predigested slurry. Furthermore, the digestate slurry showed the absence of volatile
fatty acids indicating that they were efficiently utilized for methane formation in the main digester. The specific
gravity and oxygen consumption rate in the predigester was estimated to be 1.0190 and 11.22 mg/l/minute,
respectively. Lastly, the recyclable water obtained after dewatering the digestate slurry showed the absence of
coliforms and a biological oxygen demand of 100 ppm, suggesting its suitability for disposal in the sewerage
system. Based on the above chemical analysis of raw and processed slurry, the Nisargruna biogas plant thus
proves to be highly efficient for SWM.

1. INTRODUCTION

health of humans and animals. It also affects the soil microflora

The biochemically rich resources offered by plants and the
ecosystem allow the maintenance of sustainability in nature.
The key practice of recycling organic matter is essential for this
process. Any imbalance in the above-mentioned practice may
result in the disruption of several natural and interlinked elemental
cycles that occur continuously, and hence have a negative impact
on the environment. Currently, we are facing problems associated
with the growing urban population that contributes immensely
to the solid wastes produced globally [1]. Moreover, the
inappropriate disposal of organic wastes severely challenges the
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in close proximity to the waste disposal grounds, leading to the
production of obnoxious odors or undesirable metabolic products
that contribute to environmental risk factors. Hence, a proper
solid waste management (SWM) system is crucial to avoid any
unwanted harm to the environment and maintain sustainability on
our planet [2].

The increasing population and rapid urban development in India
have, in turn, increased the amount of disposed solid waste by
several folds. Until 1947, the Indian cities generated up to 6
million tons of solid wastes annually. This figure increased to 48
million tons in 1997 and has been increasing ever since with an
annual growth rate of 4.25%. Currently, India produces over 62
million tons of solid wastes annually, and by 2047 it is expected
to reach 300 million tons [2,3]. In spite of the radical measures
undertaken for SWM, it remains a major problem requiring social,
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economic, technological, political, and administrative dimensions
for effective solutions.The SWM generally involves thermal
or chemical processes of waste disposal, like incineration and
pyrolysis, or landfills. Less commonly, yet increasingly, the use
of biological waste management techniques, like composting and
biomethanation, has been implemented by municipal corporations
in various cities of India [4]. One interesting approach in this
attempt is the development of the Nisargruna biogas technology
by the Bhabha Atomic Research Center, Mumbai, with a vision
to treat organic wastes in order to return the elements to nature in
acceptable forms. This technology combines the advancement in
methods of biological treatment of wastes with biogas production
technology to provide a productive and environment friendly
approach of SWM. Currently, over 300 Nisargruna biogas plants
of processing capacities ranging from 1 ton/day to 5 tons/day are
successfully running in different parts of India [5].

In the Nisargruna biogas plant, the solid wastes are processed in two
steps. The first step of hydrolysis and acidification is carried out in
the aerobic predigester, which is divided into two compartments
separated by a baffle wall in the center. The raw slurry is first
collected in the predigester 1 and after initial decomposition and
acquiring a flowing consistency, it moves to predigester 2. During
the processing in this stage, the temperature is maintained between
40°C to 45°C to promote the degradation of waste material into
their soluble monomeric components by extracellular enzymes
produced by bacteria naturally introduced in the digester. The
moderately high temperature further facilitates the conversion of
degraded compounds into short-chain fatty acids, alcohols, CO,,
and H, by fermentative bacteria. After 72-96 hours, the pH of
the slurry falls below four. This slurry passes into the anaerobic
digester where step two of the degradation process takes place in
the absence of oxygen. The output of the process is a methane-rich
biogas (methane, 80% and CO,, 20%) and a chemically stabilized
digestate. The two steps combining aerobic and anaerobic
degradation mechanisms allow complete breakdown of waste
material in 18-20 days when compared to 3040 days required
in solely anaerobic digesters. In addition, the digestate acts as an
excellent biofertilizer and the liquid obtained on dewatering is
recycled into the biogas plant for mixing of the raw waste [6].

In the literature, several approaches of pretreatment of organic
wastes have been reported previously to enhance the output of the
bio-methanation process. In our study, the aerobic pretreatment
stage was introduced based on the hypothesis that aerobic
hydrolysis of organic wastes is much faster compared to that
occurring in strict anaerobic digesters. Hence, it will accelerate
the bio-methanation process without additional energy input.
On following a similar approach of aerobic pretreatment of
organic wastes (for hydrolysis), over 200% increase in methane
production has been reported in the presence of mining residues
[7]. In another approach, the anaerobic digestion was followed
by the aerobic hydrolysis steps for effective reduction of solid
content and removal of nitrogen fractions in the sludge [8]. A
faster alternative to aerobic pretreatment is thermal hydrolysis of
organic compounds. However, this process significantly increases
the production cost in small-scale set-ups. On the other hand, the
full-scale plants and continuous thermal hydrolysis can result in
economic benefits [9,10]. Among other strategies undertaken by

researchers for significant improvement in biogas production from
solid wastes, the co-digestion of organic fraction of municipal
wastes and animal/agro-wastes has demonstrated a stable outcome
[11-13]. Small-scale and mobile biogas systems have also been
commercialized in Central Vietnam and Kenya, respectively
[14,15], for effective SWM and simultaneous biogas production.
However, these results were based on the anaerobic digestion
process exclusively.

The current study was carried out with an objective to characterize
organic wastes in raw and processed slurry for their chemical
composition and hence analyze the steps in the degradation of
wastes in the two-phase Nisargruna biogas plant.

2. MATERIALS AND METHODS2.1. NISARGRUNA
BIOGAS PLANT SET-UP AND COLLECTION OF
SAMPLE

The Nisargruna biogas plant was set up using 1,000 kg of raw
material consisting of kitchen waste. It was homogenized in a
mechanical mixer with the addition of hot water to obtain a slurry.
The homogenization helps in faster degradation and the addition
of hot water kills pathogenic organisms, if any. The raw slurry
was then digested in the predigester tank with continuous aeration
for 4 days. After digestion for 4 days, the predigested slurry was
collected from the tank. The study was carried out for a week and
samples were collected from homogenizers and predigesters, in
sterile bottles every day. On complete digestion of wastes, the
digestate samples were also collected similarly and processed.
Also, the digestate was dewatered and the liquid thus obtained
(recyclable water) was also analyzed for its biological oxygen
demand (BOD) and microbial load. An outline of the Nisargruna
process is shown in Figure 1.

2.2. Preparation of the Sample

Freshly withdrawn samples (200 g) were processed immediately
in the laboratory by centrifuging at 10,000 rpm for 10 minutes at
10°C. The supernatant was collected in a clean flask and weighed.
It was used for the estimation of volatile fatty acids, free amino
acids, and sugars. The settled sediment was weighed and used for
the estimation of total solids, volatile solids, and fixed solids. The
sediment was also used for the biochemical analysis of proteins,
carbohydrates, and lipids.

2.3. Estimation of Total, Volatile, and Fixed Solids

The solids in the raw slurry and processed slurry were estimated
using the gravimetric technique. For this purpose, a clean
evaporation dish was ignited at 55°C for 1 hour in a muffle furnace
and stored in a desiccator for cooling, until the analysis was carried
out. The dish was weighed just before use. For analysis of solids,
25 g of the slurry sample was placed in the evaporating dish and
weighed. The sample was then evaporated to dryness on a water
bath and then dried at 105°C for 1 hour. The sample was cooled in
a desiccator and weighed again. It was then transferred to a cool
muffle furnace, and the furnace was heated to 55°C and ignited for
1 hour. The sample was cooled in a desiccator and then weighed
again. The solids in the raw and processed slurry were calculated
using the following formulas [16—18]:
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Figure 1: Outline of Nisargruna — components and technology. (a) Mixer, (b) platform (c) solar heater, (d) thermophilic aerobic digester, (¢) methane holder, (f)
anaerobic digester, (g) manure pits, (h) recycle water tank, and (i) methane utilization.

% Total solids = — x 100 ... Eq (1)
A-D
% Volatile solids = B x 100 ... Eq (2)
D-B
% Fixed solids = x 100 ... Eq(3)

where ‘A’ is the weight of the dried residue and dish, ‘B’ is the
weight of the dish, ‘C” is the weight of the wet sample and dish,
and ‘D’ is the weight of the residue and dish after ignition.

2.4. Estimation of Carbohydrates by Anthrone Method

A 100 mg sample of the above solids were mixed with 5 ml of
2.5N HCI and kept in a boiling water bath for 3 hours. After
cooling at room temperature, it was neutralized with Na CO,
until the effervescence ceased. The volume was made up to 100
ml with water and the supernatant was used for the estimation
of carbohydrates using the anthrone method. For this purpose,
a standard graph of concentration of glucose (in pg/ml) versus
absorbance (at 630 nm) was plotted. The values of absorbance
of test samples were extrapolated on a straight line and the
concentration of carbohydrate in the sample was estimated from
the standard graph.

2.5. Estimation of Proteins by Biuret Method

The solids (1 g) obtained after centrifugation of the slurry were
dewatered and mixed with 5 ml of 3N NaOH. The tubes were kept
in a warm water bath for 5 minutes and used for the estimation of
proteins by the biuret method. For this purpose, a standard graph

of concentration of bovine serum albumin (in mg/ml) versus
absorbance at (530 nm) was plotted. The values of absorbance
of test samples were extrapolated on a straight line and the
concentration of proteins in the sample was estimated from the
standard graph.

2.6. Estimation of Lipids by Using Soxhlet Extraction Method

Ten grams of the dried sample was packed in Whatman number
1 filter paper and fitted into the connector of a Soxhlet assembly.
An extraction flask was weighed and the lipids were extracted in
a Soxhlet apparatus using acetone as the solvent at a rate of 20
cycles/hours for 8 hours. The solvent from the extraction flask was
distilled by placing the flask in a water bath at 70°C for 15-20
minutes. The flask was then cooled for 30 minutes in a desiccator
and weighed and the lipids were estimated using the following
formula:

Lipids (%) = % 100

where ‘A’ is the weight of the empty extraction flask, ‘B’ is the
weight of the flask with residue, and ‘C” is the weight of the
sample.

2.7. Estimation of Total Free Amino Acids by Ninhydrin
Method

Raw slurry and predigested slurry were centrifuged and free
amino acids in the supernatant were estimated by the ninhydrin
method. For this purpose, various dilutions of standard stock
solution of leucine were prepared and treated with ninhydrin
reagent. A standard graph of concentration of leucine (in pg/
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ml) versus absorbance at (570 nm) was plotted. The values of
absorbance of test samples were extrapolated on a straight line and
the concentration of free amino acids in the sample was estimated
from the standard graph.

2.8. Measurement of Volatile Fatty Acids by Gas
Chromatography

Volatile fatty acids are water-soluble fatty acids with up to six
carbon atoms that can be distilled at atmospheric pressure.
These volatile acids can be removed from an aqueous solution
by distillation, despite their high boiling points due to their co-
distillation with water. The measurement of volatile fatty acids was
carried out to determine the extent of digestion of organic material
in the predigester. The quantity of volatile acids also indicates the
amount of methane that will be produced in the main digester.

For the estimation of volatile fatty acids, 200 ml of the sample was
centrifuged at 5,000 rpm for 5 minutes. After this process, 100 ml
of the supernatant liquor was placed in a 500 ml distillation flask.
To this supernatant, 100 ml of distilled water and 5 ml of H,SO,
was added and mixed well. The flask was connected to a condenser
and adapter tube and distilled at the rate of 5 ml/minutes. The first
15 ml of the distillate was discarded to eliminate errors due to H,S
and CO, that are formed during distillation process. The volatile
fatty acids separated by the distillation of slurry samples were
quantified by gas chromatography using the Shimatzu GC-2014
model connected to the thermal conductivity detector (temperature
= 200°C). It was equipped with Porapac Q column (3 m length
and one quarter of an inch diameter) and a mesh size of 150-200.
The column temperature was 150°C and the injector temperatures
were 160°C (for formic acid and acetic acid analysis) and 180°C
(for butyric acid and propionic acid analysis). Helium was used
as a carrier gas. A sample volume of 500 pl was injected to obtain
a chromatogram. The standard calibration curve was prepared by
injecting standard 1% acetic acid, formic acid, propionic acid, and
butyric acid.

2.9. Estimation of Biochemical Oxygen Demand of Recyclable
Water

The BOD of recyclable water was estimated to determine its
suitability for direct disposal. For the estimation of BOD, the
sample was diluted suitably (1:50 and 1:100) with aerated water
and filled in 250 ml BOD bottles. Four such bottles were prepared
and labeled as B, B, S, and S, where B, and B, were filled with
aerated water and S, and S, with diluted sample. The bottles B,
and S, were stoppered tightly and incubated at 20°C for 5 days.
Initial dissolved oxygen content in bottles B and S, was measured
immediately, and final dissolved oxygen content in bottles B, and
S, was measured at the end of 5 days incubation.

To determine the dissolved oxygen content, 2 ml of MnSO,
solution was added to the bottle, followed by the addition of 2 ml
of alkali azide solution. The contents were mixed by inverting the
bottle few times. The resulting yellowish precipitate was allowed
to settle for few minutes and then 2 ml of concentrated H,SO, was
added. The bottle was inverted again few times until the precipitate
was dissolved completely. The samples (100 ml) were then titrated

with 0.025N Na,S O, solution till end point (pale yellow color)
was observed. Few drops of starch indicator were added and the
titration was continued till the first disappearance of the blue color.
BOD was calculated using the following formula [19]:

_ (5-8)—-(B7B)
- 1%

BOD (mg/) N 8 x 1000 DF

where ‘B is the blank initial reading, ‘B,’ is the blank final
reading, °S;’ is the sample initial reading, °S,’ is the sample final
reading, ‘N’ is normality of Na,S O,, ‘DF’ is dilution factor, and
‘7 is the volume of the sample taken for titration.

2.10. Enumeration of Microflora in Recyclable Water

The recyclable water (10 ml) was mixed with 90 ml of sterile
saline, and serially diluted up to 107¢ dilutions. For enumeration
of bacteria and fungi, 0.1 ml of the last three dilutions were spread
on sterile nutrient agar and rose bengal potato dextrose agar
plates, respectively. The isolation was carried out in triplicates
and the plates were incubated at 45°C for 24-48 hours. The
coliforms and pseudomonads in recyclable water were isolated,
using undiluted sample, on MacConkey’s agar and cetrimide agar
plates, respectively, and incubated at 37°C for 2448 hours. After
incubation, colonies were counted and colony-forming units per
ml (CFU/ml) were estimated.

2.11. Estimation of Specific Gravity of Predigester Slurry

Specific gravity was determined by comparing the mass of a
known volume of a homogenous predigester slurry sample at a
specific temperature to the mass of the same volume of distilled
water at 4°C. To estimate the specific gravity, the temperature
(T) of the sample and weight (W) of the empty container were
recorded. The container was filled to the mark with the sample
and weighed (S) again. The empty container was then filled to
the mark with water and its weight (R) was recorded. The specific
gravity was recorded using the following formula:

Specific gravity (4°C) = xF

R-W
where F (0.9903 for 45°C) is the correction value that varies with
temperature.

2.12. Estimation of Oxygen Consumption Rate

The predigester of the Nisargruna biogas plant is an aerobic
digester which requires appropriate aeration to support the
growth and metabolism of bacteria. Hence, the rate of oxygen
consumption was determined to decide the aeration rate in the
predigester. For this purpose, the oxygen probe and the meter were
calibrated according to the manufacturer’s specifications. Freshly
collected sample (100 ml) was adjusted to 45°C and processed
immediately. The temperature was maintained during analysis
and dissolved oxygen of the sample was increased by bubbling air
through it. The BOD bottle containing magnetic stirring bar was
filled with the sample up to the brim. The oxygen-sensitive probe
was immediately inserted into the sample. During this process,
enough volume of the sample was displaced with a probe to fill the
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flared top of bottle and isolate its contents from the atmosphere. A
magnetic stirrer was activated at 300 rpm. After the meter reading
was stabilized, initial dissolved oxygen was recorded and a timer
was set. Readings were recorded every second until the dissolved
oxygen became limiting. A graph of dissolved oxygen (mg/l)
(ppm) versus time (sec) was plotted and the oxygen consumption
rate was calculated from the slope in mg/l/minute.

As the readings are sensitive to temperature and time lag between
sample collection and test initiation, multiple readings were taken
and their average was considered for final estimation.

3. RESULTS AND DISCUSSION

3.1. Estimation of Solids and Degraded Compounds

Table 1 represents the total solids, proteins, carbohydrates, and
lipids estimated from the raw and predigested slurry samples over
6 days. Table 2 indicates the amount of total volatile and fixed
solids, and degradation indicators of carbohydrates (sugars),
proteins (amino acids), and lipids (volatile acids) in the raw,
predigested, and digestate slurry samples.

In the present study, 60%—65% reduction in carbohydrate content,
40%—45% reduction in protein content, and 15%—-20% reduction in
lipid content of waste were observed (Table 1). Similarly, 65-70%
reduction in sugars and free amino acids was also observed (Table
2). These observations are clear indications of the biodegradation
of organic wastes. The variation in degradation patterns can
be correlated to the degree of complexity of the biomolecules
and enzymatic abilities of the aerobic species involved in the
bioprocess. The increasing concentration of volatile fatty acids is
also a sign of the degradation of biomolecules. A detailed analysis
of the concentrations of different volatile fatty acids like formic

Table 1: Chemical analysis of raw and predigested slurry.

acid, acetic acid, propionic acid, and butyric acid was carried out
by gas chromatography. Our results indicated the presence of only
formic acid (2-2.5 pl/ml) in the raw slurry. On digestion for 96
hours under aerobic conditions, the concentration of acetic acid
was 25-30 pl/ml. A very small quantity of butyric acid (1 pl/
ml) was also found in the predigested slurry. The digestate slurry
showed the absence of any volatile fatty acids, indicating that they
were efficiently used for methane formation in the main digester.
These observations were also highly significant since it indicated
that the aerobic degradation and fermentation of waste lead to the
production of volatile fatty acids that are utilized by acetogenic
bacteria to acetic acid, which in turn is used by methanogenic
organisms to generate methane during the second stage which is
anaerobic.

Since acetic acid is produced as a major acid in the predigester,
the involvement of acetogenic bacteria is avoided by allowing this
slurry to pass into the anaerobic chamber of the Nisargruna plant
to initiate methanogenesis. Ideally, equal amounts of methane
and CO, are produced on anaerobic digestion of sugars, starch,
and cellulose. On the other hand, although the retention period
is increased significantly, a much greater quantity of methane
can be produced on complete anaerobic digestion of proteins and
fats when compared to carbohydrates [10]. As observed in our
study, significant amounts of proteins and lipids are metabolized
on aerobic pretreatment. This step may enhance the hydrolysis of
biochemical compounds and thus provide ready raw materials for
methanogenesis, thus reducing the retention time.

3.2. Total Solids, Volatile Solids, and Fixed Solids in Raw and
Processed Slurry

Total and volatile solids are indicators of organic matter content
in the waste [20]. They were estimated to be 90%-94% in the

Day TS ‘%’ Lipids ‘% of TS’ Proteins ‘% of TS’ Carbohydrates ‘% of TS’
Raw PD Raw PD Raw PD Raw PD
1 23.48 13.73 533 4.50 6.2 3.9 9.5 3.6
2 23.35 13.34 6.0 4.41 6.6 324 8.4 4.0
3 24.76 14.82 7.5 6.1 6.1 4.0 9.2 4.4
4 24.11 13.0 6.9 55 7.1 32 8.6 3.8
5 2528 14.82 8.2 5.8 7.2 43 9.0 4.1
6 24.47 13.87 7.10 5.6 7.0 3.8 8.5 3.9
Average 24.24 13.93 6.83 53183 6.7 3.74 8.8666 3.9666
Std. deviation 0.7471 0.7537 1.0424 0.7000 0.4732 0.4363 0.4366 0.2732
Std. error 0.3051 0.3077 0.4256 0.2858 0.1932 0.1781 0.1782 0.1115
Raw = Raw slurry; PD = Predigested slurry; TS = Total solids.
Table 2: Estimation of degraded components in raw and predigested slurry.
Sample Tota‘lo/s?lids Total vo‘lfti,le Total f?:et,i Free ‘amixzo ,acids Sugars Acids ‘pl/ml’
o solids ‘% solids ‘% mg % ‘mg %’
Raw slurry 24.24 87.23 30.5 53.89 Formic acid (2.51)
Acetic acid (28)
Predigested slurry 13.93 94.04 9.9 15.29

Digestate slurry 16.33 71.76

Butyric acid (0.785)
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predigester, thus indicating the organic nature of the waste. In the
Nisargruna biogas plant, the process of predigestion takes place for
72-96 hours. During this time, the total solids in raw waste were
estimated to be 23%-25%. This was rapidly degraded and only
13%—14% remained at the end of the predigestion stage. Thus, a
significant reduction in total solids (40%—45%) was observed in
the current study. This observation is beneficial for the Nisargruna
system since the reduction in total solids, in turn, reduces the
scum formation and increases the free flow of the slurry from the
predigester to the main digester. Moreover, higher concentrations
of total solids negatively influence the biogas production [21].
This is because the total solids represent the concentrated
metabolites which are often toxic to the methanogenic bacteria.
Also, the increasing concentration of total solids leads to the
accumulation of volatile fatty acids and pH shift. This supports
heterogenic bacterial communities and increases the competition
for strict methanogens [22,23]. Thus, the reduction in total solids
plays a major role in improving the efficiency of the biogas plants.
This observation has also been supported by other researchers in
previous studies [24-26].

In addition to the significant reduction in total solids, the
concentration of volatile solids was found to increase by 7.24%
and the fixed solids decreased by 53.32% after the predigestion of
raw slurry. Together, these observations suggest the metabolism
of wastes into organic compounds that are readily converted
into organic acids (i.e., substrates required for methanogenesis).
The significant amount of volatile acids detected in the present
study, after predigestion stage (Table 2), further supports these
interpretations. Thus, it is evident that the predigestion stage
complements the initiation of methanogenesis and its introduction
in the Nisargruna plant leading to a significant improvement in
biogas production.

Unlike other anaerobic digesters that show a processing time
of over 30—60 days [27-29], the Nisargruna biogas plant serves
the same purpose within 20 days. This can be attributed to
the above-mentioned observations of rapid waste degradation
during the pretreatment under aerobic conditions. In turn,
these observations can be associated with the difference in
microflora observed during the two phases of the Nisargruna
plant.

3.3. Analysis of Recyclable Water

The BOD of recyclable water was estimated to be 100 ppm.
The microbiological analysis of recyclable water indicated the
presence of 18.96 x 10* CFU/ml bacteria and the absence of
fungi and coliforms. Pseudomonas sp. enumerated on cetrimide
agar was 50 CFU/ml. In general, the BOD of household and
industrial wastewater was recorded between 700 and 1,500 ppm.
On treatment of wastewaters, a BOD range below 300 ppm was
considered acceptable for its discharge in to sewer systems [30].
In the Nisargruna biogas plant, this water is simply recycled back
into the predigester for proper mixing of raw slurry. The recyclable
water obtained on dewatering the digestate contains various
soluble nutrients and hence can prove to be an excellent source
of fertilizers for plants [31]. It can also be used for the purpose
of irrigation after suitable dilution [32]. The absence of coliforms

and low BOD in our study suggests its suitability for both these
purposes. A similar study reported over 90% BOD removal
efficiency of biogas plant fed with dairy wastewater and glycerol
[33]. Other studies have reported 34.6% and 90% reductions in
the BOD of sludge produced from anaerobic digesters used for
treatment of municipal/industrial and household/personal products
industrial wastewaters, respectively [34-35].

3.4. Estimation of Specific Gravity and Oxygen Consumption
Rate of Predigester Slurry

The predigester of the Nisargruna biogas plant functions at
45°C under aerobic conditions. Hence, the specific gravity was
calculated at this temperature. Aeration is a critical parameter
for appropriate hydrolysis and fermentation of waste materials.
At the same time, this process is expensive. Hence, it is crucial
to determine the oxygen consumption rate of the bacteria. The
specific gravity of the predigester slurry in the current study was
estimated to by 1.0190 and the oxygen consumption rate was
calculated as 11.22 mg/l/minute (Fig. 2).

The raw slurry usually comprises fairly coarse organic particles
with a specific gravity (density) significantly greater than water.
They have an unpleasant odor due to the presence of over
60%-80% volatile solids (organic). As the slurry is treated
biologically, the specific gravity reduces to match the specific
gravity of water. At this point, the effluent contains fewer solids
and has a flowing consistency. Microorganisms in the slurry use
oxygen as they consume organic matter. The level of microbial
activity is indicated by the microorganisms’ oxygen uptake rate.
High oxygen uptake rates indicate high microbial activity and
high organic matter content, whereas low oxygen uptake rates
indicate low microbial activity and low organic matter content
[36,37]. The oxygen consumption rate of a well-operated
aerobic sludge digester is between 0.1 and 15 mg/l/minute [38].
These parameters are crucial for evaluating the efficiency of a
bioprocess.

Oxygen consumption rate

14 -
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Figure 2: Oxygen consumption rate in the predigester during the aerobic
digestion phase of the Nisargruna biogas plant.
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4. CONCLUSION

Any biodegradable waste generally consists of three basic
biomolecules: carbohydrates, proteins, and lipids in variable
proportions. This holds true for kitchen waste too. In the
predigester of the Nisargruna biogas plant, the raw waste is
hydrolyzed and fermented in presence of air (by aerobic bacteria).
The proteins, carbohydrates, and lipids are broken down to their
respective monomers that are fermented to mixtures of volatile
fatty acids like formic acid, acetic acid, propionic acid, and
butyric acid along with liberation of CO,. The volatile acids
produced remain in the aqueous phase. Thus, a reduction in
the concentrations of carbohydrates, proteins, and lipids, and
increase in the concentrations of volatile fatty acids are clear-cut
indications of microbial degradation of the waste. When bio-waste
is degraded only under anaerobic conditions, all the steps leading
to methane formation, i.e., hydrolysis, fermentation, acetogenesis,
and methanogenesis, are carried out by consortium of anaerobic
bacteria. Anaerobic hydrolysis is a slow process and hence a rate-
limiting step. Due to partitioning of hydrolysis and fermentation
under aerobic conditions and acetogenesis and methanogenesis
under anaerobic conditions, the acidogenesis (hydrolysis and
fermentation) is no longer a rate-limiting step. Thus, the entire
degradation process occurs faster, and this ultimately reduces
the retention time of the waste in the biogas plant. Thus, the use
of this technology can evidently pave the way towards\ a ‘zero
waste and zero effluent’ management system that is eco-friendly in
nature. Thus, the practical implementation of microbial metabolic
activities for processing of wastes, using a two-step process in the
Nisargruna biogas plant, is an attractive approach for efficient and
faster SWM.
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