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Abstract Biogas is considered as one of the alternative sources of energy which is used in many
applications such as power generation, heating and refrigeration. The quantity and quality of
biowastes vary due to the intensity and nature of human activity. Since the methane (CH4)
composition in biogas is influenced by the ingredients of the biowaste, specific research is
needed to check the biogas yield from locally available biowastes and to predict the usage of
biogas as alternative energy in all levels. In countries like India, rice is a staple crop and the
common food source for people. The food waste collected from common places like student’s
hostels, restaurants and houses consists of wasted rice along with other wastes of meat, fish,
vegetables and fruits. In this study, analytical & experimental work was done on the
biogas production from various biowastes collected from an engineering college campus.
The Anaerobic Digestion Model 1 (ADM1) was used for analytical studies, and four
anaerobic digesters were used in the experimental investigation. Mesophilic condition was
considered for this study. From the experimental studies it is observed that the methane
content in the biogas produced from rice waste, mixed rice waste, cow dung and vegetable
waste are 52.01%, 52.98%, 61.13% and 51.11% respectively. The results obtained from
the simulation study are also close to the experimental values.
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Introduction

The Kitchen Waste (KW) produced in hostels,
canteens, cafeteria, etc. of an educational institution
pollutes the environment in various ways due to high
organics and moisture content. Effective treatment and
disposal of waste is highly essential to avoid such harmful
effects. Sterilisation and effective resource recycling are
being used in the waste disposal process (A KHALID & al
[1]). Anaerobic Digestion (AD), an alternative processing
technology as it offers ways for the recovery of valuable
resources (F CARVALHEIRO & al [2]; O STABNIKOVA
& al [3]; IONICA & al [4]).

Biogas is obtained from the decomposition of organic
waste by anaerobic bacteria. Methane is the primary
constituent of biogas (TOM & al [5]; CRISTINEL & al [6]).
AD method provides a way for kitchen waste management.
KW can be used as a sustainable fuel in the form of biogas
and bio-fertilizers. AD is commonly applied throughout
the world as a wastewater treatment method for livestock
manures. The methane yield through this process is in the
range between 12 and 13.9 m3/m? of influent substrate
(L ZHANG & al [7]). However, in order to enhance
economic viability of an anaerobic digestion system, yield
of biogas per ton of waste has to be achieved more than
30 m® (H HARTMANN & al [8]). AD can improve the
energy consumption structure and reduce the use of
chemical fertilizers in agricultural sector, thus it makes the
waste disposal management effective (WENGUANG & al
[9]). In the early stage of digestion process, lactic acid gets
accumulated, and leads to decrease in pH. This is due to
high oil content, which was considered as one of the
problems during the digestion of KW (A VEEKEN & al
[10]). The various other barriers for digestion process are
the inhibitory levels of ammonia, sulphide and long-chain
fatty acids (AL AMARAL & al [11]). The inhibitions which
arise due to these problems are removed by Chemical and
thermal methods (LI YANGYANG & al [12]). To improve
the properties of organic wastes to produce biogas, new
techniques were suggested. Co-digestion of the wastes with
substances containing high level of ammonium nitrogen
and alkalinity was one of the techniques which promote the
production of biogas. This method not only improves the
biogas production but also provides better organic load
removal efficiency (HG ZHU & al [13]). The mixing of
different substrates is not only desirable for improving
methane recovery rates and reducing life cycle costs, but it
also provides better organic load removal efficiencies as an
effect of Carbon/Nitrogen ratio (C/N ratio) correction, pH
balancing and improvement on the buffering capacity of
the treatment systems (E ATHANASOULIA & al [14]).
Besides, being an anaerobic digestion system, such an
anaerobic digestion can be integrated into pre-standing
urban buildings or into new buildings for a paradigm shift
towards a more renewable and sustainable future (NATHAN
& al [15]). Parameters which affect the efficiency of biogas
production are C/N ratio, Volatile Solid (VS), Organic

Loading Rate (OLR), temperature, pH, toxicity, dilution,
retention time and mixing ratios (TN VEZIROGLU & al
[16]). In a biogas plant, 0.25-0.70 m® biogas per kg of
volatile solid is normally produced for a loading rate of
1-1.5 kg volatile solids per day, under standard conditions
of 7-7.4 pH and 1:1 water dilution ratio (RUIHONG & al
[17]). The retention time should be 30-60 days for
mesophilic digestion (D DIVYA & al [18]) and it varies
depending on the operating conditions and nature of the
feed. Based on the operating temperature, anaerobic digestion
is classified as psychrophilic (<30°C), mesophilic (30-40°C)
and thermophilic (50-60°C). It is also reported that the
production of biogas increases with the increase in operating
temperature and retention time (TN VEZIROGLU & al [16]).

The quality of biogas obtained from different
co-digestion strategies shows that fish and grease trap
wastes have inhibition to microorganisms during the initial
period of batch digestion under thermophilic conditions
(XIGUANG & al [19]). Continuous digestion of the mixed
food waste under mesophilic conditions to control pH of
the digester is successful with the addition of Sodium
Hydroxide (NaOH) [15]. The degradation rate of fresh
maize and maize silage is very high and are considered as
good substrates for anaerobic digestion. On the other hand,
full-scale applications should not rely on maize alone
(EMILIANO & al [20]). Apple waste was found to be a best
substrate for co-digestion with swine manure (GOPI & al
[21]). An experimental study on fruit wastes conducted in a
laboratory scale digester (J RAJESH & al [22]) shows 3 to
4% variation of Total Solids (TS) which has no effect on
fermentation stability when pH remains between 6.8 and
7.4. However, an inhibition of methanogenic bacteria is
observed when TS has been kept at five percentage.
Compared to mesophilic conditions, the production of
biogas from mixed weed is very high under thermophilic
conditions. However there is no significant difference in the
composition of methane (XIGUANG & al [19]). ADM1 has
been used to study the mono fermentation of grass silage
without the addition of manure over a period of 345 days
under mesophilic conditions (38°C).The model shows a
positive agreement with experimental measurements and
hence ADM1 has been identified suitable for the modelling
of anaerobic digestion of grass silage (KONRAD & al
[23]). Based on the above studies it is clear that biogas
production depends on the nature of food waste (MARTA
& al [24]) and operating conditions. Therefore further study
is needed to predict the possibility of getting biogas from
the locally available biowastes.

Cow Dung (CD) and biowastes such as cooked rice
(RW), mixed cooked rice with vegetables (MRW) and
cooked and uncooked vegetable wastes (VW) are some of
the common biowastes available in the area where the study
was conducted. A tool box in Matlab (D GAIDA & al [25])
that uses the Anaerobic Digestion Modell (ADM1), was
used in the mathematical model to predict the quality and
quantity of biogas yield in a biodigester for different feeds.
An experimental study has been carried out to check the
validity of the proposed model.
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Materials and Methods

1. Identification and characterization of feed stocks

The feedstock is collected from the campus of an
engineering college situated in the southern part of India.
The campus consists of hostels and canteens to meet the
needs of 3000 students. The common biowastes generated
in the campus are cooked rice waste, cooked mixed rice
waste, cooked and uncooked vegetable waste, fruit waste,
etc. and they are disposed in large amount without any
further use. Apart from food wastes, cow dung is also
available from the cattle farm situated within the campus.
The important properties measured to check the quality of
biowastes are pH, TS and VS. They are measured as per
the standard procedure discussed below.

2. Content of Total solids (TS)

As per standards (APHA [26]), the following
procedure was used to determine the TS of the feed. In the
pre-weighed porcelain vessels 50 g from each biomass was
taken and heated at 60°C for 24 hours and then at 103°C
for 3 hours in a hot air oven. The dried samples with
the container was weighed. After drying, the weight of the
samples along with container was measured in a weighing

balance of accuracy 0.001 g. The percentage TS of each
sample was calculated by
TS = [Wd] 100 1
= W ®
Where Wy and Wy, are the weight of dry and wet samples
respectively.

3. Content of Volatile solids (VS)

The standard method (APHA [26]) was followed for
the determination of VS of feed materials. The dried
samples obtained from the oven were further dried at 550°C
+ 50°C for about 1 hour and ignited completely inside the
muffle furnace. The cooled samples from the desiccator
were weighed and VS of the samples were calculated using
the formula

VS = [(WdT_a%)] .100 2)

Where Wy — Weight of dry samples;

W, — Weight of dry ash obtained after complete ignition;
pH of the feed materials (CD, MRW, RW and VW) was
determined with pH electrode.

Table 1 shows the chemical characterization of the
biowaste taken in this study.

Table 1. Chemical characterization of feedstock.
Sl. No. FEED pH s VS
% % %
1 CD 6.50 15.98 64.99
2 MRW 491 20.25 90.15
3 RW 6.61 30.28 90.11
4 VW 6.35 10.55 90.45

The results obtained from the above methods show
a clear agreement when compared with the literature
(VA EZEKOYE & al [27]).

4. Simulation of Anaerobic Digestion Process using
ADM1

Anaerobic digestion basically involves three phases
namely; (i) hydrolysis (ii) acid producing bacteria and (iii)
the methanogenesis (D RAVITA & al [28]; IULIAN & al
[29]) (Figure 1).

In all organic wastes, carbohydrates are mostly in the
form of cellulose and other components of plant fibres.
The monomeric components released during the hydrolysis
phase act as substrate for acid-forming phase. During the

acid phase, while the acid forming bacteria decomposes
complicated molecules such as proteins, fats and carbo-
hydrates into organic acids, carbon dioxide, hydrogen,
ammonia and some impurities. Acetic acid is a common
by-product of the digestion of fats, starch and proteins.
During the methane phase, the methane-forming
bacteria convert fatty acids into methane. Methanogenic
bacteria are selective in their reaction with substrate
components. They react with acetic acid, methanol,
carbon dioxide (CO2) and hydrogen to produce methane.
The presence of oxygen retards the activity of methano-
genic bacteria. Methanogenic bacteria are sensitive to
the pH of the digester contents. The optimal pH value of
methanogenesisis around 7.0 (MEENA & al [30]).
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Figure 1. Flow chart for simulation procedure

The Anaerobic Digestion Model No. 1 (ADM1) was
used for simulation based on the above steps. 19 bioche-
mical conversion processes and 24 dynamic state variables
were used for the characterization of this highly complex
model. Simulations were executed with Matlab/Simulink
(DJ BATSTONE & al [31]).

In ADM1 the measured properties of the feed were
given as input parameters. The change in properties of the
feed and methane percentage of each day was recorded.
Graphs are plotted based on the observations for each
feed for comparing with experimental values.

5. Experimental Setup
The schematic of the experimental setup is shown in
Figure 2. The experiment is carried out in four anaerobic

digesters (AD1, AD2, AD3 and AD4) of 2 m?, 1 m3, 0.25 m3
and 0.25 m®, made by reinforced glass fibre composite.
Each Anaerobic Digester (AD) consists of an inlet and
outlet to load the feed and drain out the digested feedstock.
It consists of a floating drum which floats upwards to
store the generated gas. Water jacket is provided to seal
the floating drum. The gas outlet from the digesters is
connected to a multigas analyser (NUCON) of 0.3%
accuracy and a thermal gas flow meter (mass flow
measurements of liquids) of accuracy 0.5% Full Scale (F.S).
A pH electrode and a thermometer are kept inside
the digester to measure the pH and temperature of the
substrate respectively (G MOICEANU & al [32]).
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Figure 2. Schematicdiagram of the experimental setup.
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6. Experimental procedure

All the four digesters were first loaded with cow dung
and mixed with water for producing the methanogen
bacteria. Approximately 50 days are required for the
complete digestion of the cow dung (R SINGH & al [33]).
The gas generated is released using cooking stove. After
ensuring that the biogas production has stopped and

bacteria is starving for feed, the biowastes collected from
college campus is loaded gradually in each digester as
mentioned in Table 2. Biogas production has been observed
and its quantity per day was measured using the gas flow
meter. The temperature, pH and quality were also recorded
for a minimum of four times per day and the average was
calculated. The feedstock was loaded in each digester
uniformly and daily.

Table 2. Summary of the experimental design
Digester Dlggster Feedstock Tes@ Mixing Ratio | Temperature State
Size Duration
(days) | (Feed + water)
AD1 2md Cow dung 45 1:1 32+2°C Mesophilic
AD?2 1md Mixed Rice Waste 45 1:1 32+2°C Mesophilic
AD3 0.25m® | Rice waste 45 1:1 32+2°C Mesophilic
AD4 0.25m® | Vegetable waste 45 1:1 32+2°C Mesophilic

Result Analysis and Discussion

Methane is the combustible component of the biogas
and it decides the quality of the biogas. Since the quality of

biogas was stable after 30 days, all the figures are presented
with the results obtained for the first 30 days. The average
content of methane in CD, MRW, RW and VW observed
from experimental and simulation work is depicted in
Figure 3 to Figure 6.

Methane (CHd) %

CD Simulation

15
Days

30

Figure 3. Methane Composition of Cow Dung.

I
MRW Experiment
—— MRW Simulation

_______

Methane (CH4) %

40

15

Days

30

Figure 4. Methane Composition of Mixed Rice Waste.
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Figure 5. Methane Composition of Rice Waste.
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Figure 6. Methane Composition of Vegetable Waste.

In the case of cow dung even though many studies
have been reported in the literature (MEENA & al [30]), the
same has been investigated to validate the experimental and
simulation procedures used in the study. The experimental
and theoretical studies show that the methane yield
1861.13% and 66.97% respectively (Figure 3). This is in
accordance with the findings of various researchers,
moreover the variations between experimental and theo-
retical values are within 5%. Hence the validity of the
present approach is confirmed. As the methane production
from the cow dung proves the suitability of this method,
besides the same procedure has been used to study MRW,
RW and VW.

From the results, it is observed that all the feed
produced more than 50% of methane, which shows that
they can be used for biogas production. Similar results were
recorded from various other biowastes by other researchers
(XIGUANG & al [19]). Figure 4 shows that the theoretical
and experimental values of methane production are
53.97% and 52.98% respectively.

All the figures (Figure 3 — Figure 6) show that there is
an initial lag of biogas generation in experimental results.

This is due to some of the following parameters like pH,
temperature, substrate concentration, enzyme production,
hydrostatic pressure, loading rate, climatic conditions,
C/N ratio and efficiency of microorganisms in biogas
production (D DIVYA & al [18]; PAUL & al [34];
CARMEN & al [35]). During the first seven days the
variation has been very high and after 15 days both
theoretical and experimental values of methane generation
has been close to each other. Similar trend is also observed
in Figure 5. In the case of cow dung the trend of both the
curves (experimental and theoretical values of CH.) is
almost similar, whereas there is a large variation in the
beginning which is observed in Figure 4 to Figure 6. This is
due to the well-defined mechanism available for cow dung
to have a theoretical model in all the stages (GEORGIANA
& al [36]). Figure 5 shows that the rice waste can give
a stable methane yield of 51% after 6 days. Added to that,
the theoretical and experimental values are close to each
other after six days. Compared to the other wastes studied,
RW gives the stable production, within a short duration
of six days.
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Using scrubbers, the biogas generated can be enriched
to 98% of methane content which can be used as fuel in
I.C. engines (KAPDI & al [37]). The digested feedstock
which is drained out can be further used as fertilizers
through proper mixing ratios. Hence, the proper digestion
of biowaste can convert the campus of an engineering
institution to be environmental friendly.

Conclusion

In this study, both analytical and experimental work
were done on the production of biogas from biowastes such
as cow dung, rice waste, vegetable waste and a mixture of
rice and vegetable wastes, collected from various places in
an engineering college campus. Analytical studies show the
percentage composition of methane to be66.97 %, 53.97%,
53.01%, and 53.12% respectively for all the four types of
biowastes. For the above cases, the experimental values
are61.13%, 52.98%, 52.01%, and 51.11% respectively.
The study shows that the simulation and experimental
results have a similar trend of methane production after
7 to 15 days from the beginning of digestion process. In this
regard, it is concluded that like other existing wastes, rice
wastes can be used for biogas production in an effective
way in which the average methane content is 52%. Hence
this work has proved that the cooked rice waste can be used
for biogas production in an effective way without adding
any ingredients.
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