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Abstract

Biogas generation from food waste through anaerobic digestion is a promising approach to convert a significant portion of the food waste
generated into a useful source of renewable energy. The process involves the decomposition of organic fabric in the absence of oxygen,
producing biogas consisting of methane and carbon dioxide. The high organic content of food waste makes it an ideal substrate for anaerobic
digestion, which can also help in reduce greenhouse gas emissions and address the environmental challenges associated with food waste
disposal. The efficiency of anaerobic digestion process depends on various factors, including temperature, pH, and substrate composition,
which must be optimized to maximize biogas yield. Obtaining biogas from food waste is beneficial and the energy produced can be used for
electricity, heating and transportation. Biogas generation from food waste can also contribute to sustainable waste management practices
and support the transition towards a circular economy. The abstract highlights the potential benefits of biogas generation from food waste
through anaerobic digestion emphasizes the need for further research and development to advance this promising technology. However, the
successful implementation of biogas generation from food waste requires careful consideration of factors such as feedstock selection, process
optimization, and the management of by-products. Furthermore, the economic viability of the process may depend on various factors such

as the availability and cost of feedstock, the cost of biogas production, and the market demand for biogas.
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INTRODUCTION

Renewable energy, reducing greenhouse gas Biogas
generation from food waste is a promising technology. It can
contribute to sustainable development by providing
renewable energy and reducing greenhouse gas emissions.
Food waste is a significant environmental and social issue
globally, with an estimated one-third of all food produced for
human consumption being wasted or lost. In addition to the
social and ethical implications of food waste, it also
contributes to greenhouse gas emissions, as organic waste
decomposes and releases methane, a potent greenhouse gas,
into the atmosphere. Landfills are the third largest source of
methane emissions in the United States, and decrease the food
waste rate can have a significant impact on reducing these
emissions.

Biogas generation from food waste involves the process of
anaerobic digestion, [1] which is the breakdown of organic
matter in the absence of oxygen. This process is facilitated by
microorganisms that convert the organic material into biogas,
which is a mixture of methane, carbon dioxide, and other
trace gases. Biogas can be used for a variety of energy
applications, including electricity and heat generation, as well
as a vehicle fuel.

The use of biogas as a renewable energy source has several
advantages. Firstly, biogas is a clean and renewable source of
energy that can reduce reliance on fossil fuels. Additionally,
biogas generation from food waste can reduce greenhouse gas
emissions and contribute to waste management and resource
recovery efforts. Furthermore, biogas generation from food
waste can provide economic benefits by reducing waste
disposal costs and creating new opportunities for energy
production and revenue generation.

Several factors influence the success of biogas generation
from food waste, including the feedstock quality, reactor
design and operation, and biogas utilization. The composition
and quality of the feedstock can impact the quantity and
quality of the biogas produced, while the reactor design and
operation can influence the process efficiency and stability.
The utilization of the biogas can also impact the overall
environmental and economic benefits of the process.

In conclusion, biogas generation from food waste is a
promising technology that can contribute to sustainable
development by providing emissions, and promoting waste
management and resource recovery efforts. The success of
biogas generation from food waste is dependent on several
factors, and further research and development are needed to
optimize the process and promote its adoption on a larger
scale

PROCEDURE

PREPARATION OF COW DUNG

First of all we have collected the fresh cow manure and we
mixed some water carefully and we kept in Amber Glass
Bottles. Biogas generation from cow dung using amber
bottles is a simple and effective way of producing biogas for
cooking and lighting. Cow dung is mixed with water by using
common ratiol:2 and added to an amber bottle, which is then
sealed tightly. The bottle may be filled up to 80% of its
capacity to allow for gas production. Over time, bacteria in
the mixture break down the organic matter in the dung,
producing biogas as a byproduct. The biogas can be collected
and used for cooking or lighting.

Biogas generation from cow dung using amber bottles is a
simple and effective way of producing biogas for cooking and
lighting. Cow dung is mixed with water and added to an



https://technoaretepublication.org/renewable-energy-and-sustainability/
mailto:tarunkumarvelusuri7@gmail.com

Echnoaretez®

e-1SSN: 2583-1968

Technoarete Transactions on Renewable Energy, Green Energy and Sustainability

Vol-2, Issue-1, March 2022

amber bottle, which is then sealed tightly. Over time, bacteria
in the mixture break down the organic matter in the dung,
producing biogas as a byproduct. The biogas can be collected
and used for cooking or lighting.

Amber bottles are preferred for this process because they
allow sunlight to pass through, which is necessary for the
growth of bacteria. The bottles should be placed in a sunny
location and shaken periodically to mix the contents and
ensure proper fermentation. This method of biogas
production is environmentally friendly and can be a cost-
effective alternative to traditional fuels.

The biogas produced in the bottle is collected using a
simple system of tubes and containers. One tube is connected
to the amber bottle and leads to a container filled with a
solution of sodium hydroxide (NaOH). This container serves
as a gas scrubber, removing impurities from the biogas.

Another tube is connected to the NaOH container and leads
to a final container where the purified biogas is stored for use.
And when it produces Methane the volume of NAOH gets
increases.

[2]The purified biogas can be used for cooking or lighting.
It is a renewable and environmentally friendly source of
energy that can replace traditional fuels like wood or
charcoal.

PREPARATION OF FOOD WASTE

[3]In this process we have collected the food waste from
VIIT canteen and may be sorted or ground into smaller pieces
to facilitate the digestion process.

The food waste is then dried in an oven to reduce its
moisture content. Drying the food waste helps to prevent the
growth of unwanted microorganisms and improves the
efficiency of the biogas production process.

Once the food waste has been dried, it is mixed with water
to create a slurry. The ratio of food waste to water may vary
depending on the specific system, but a common ratio is 1:2
(one part food waste to two parts water).

The food waste slurry is then placed in a sonication
chamber, which is typically a container that can withstand the
high-frequency sound waves.

High-frequency sound waves are then introduced into the
chamber. These sound waves create pressure changes within
the slurry, causing bubbles to form and collapse rapidly. This
process, known as cavitation, generates heat and shear forces
that break down the food waste into smaller particles.

The sonicated food waste slurry is then added to a biogas
digester. A biogas digester is a container that provides an
anaerobic (oxygen-free) environment for the breakdown of
organic matter. Bacteria in the digester consume the organic
matter in the food waste slurry and produce biogas as a
byproduct.

The biogas produced in the digester can be collected and
used for cooking or lighting. The digested food waste, or
digestate, can also be used as a fertilizer.

Overall, using food waste as a substrate for biogas
generation is an environmentally friendly way of producing
renewable energy and reducing waste. The combination of

drying and sonication helps to increase the efficiency of the
process and improve the quality of the biogas produced.

COMBINING BOTH FOOD WASTE AND
COWNDUNG FOR THE PREPARATION OF BIOGAS

Mixing food waste with cow dung is a common practice in
biogas production, as the combination of different substrates
can help to balance the nutrient content and improve the
efficiency of the process. Here's how the process of mixing
food waste with cow dung and using amber bottles and NaOH
solution typically works:

[4]The food waste that has been oven-dried and sonicated
is mixed with cow dung. The ratio of food waste to cow dung
may vary depending on the specific system, but a common
ratio is 2:1 (two parts food waste to one part cow dung).

The mixture of food waste and cow dung is then added to
amber bottles. Amber bottles are commonly used in biogas
production as they help to protect the substrate from light,
which can promote the growth of unwanted microorganisms.

The amber bottles are then connected to a container that
contains a solution of NaOH (sodium hydroxide). NaOH is
used in biogas production to help maintain a neutral pH level,
which is necessary for the growth of bacteria that produce
biogas.

The mixture of food waste and cow dung in the amber
bottles is left to ferment in the NaOH solution. The bacteria
in the mixture consume the organic matter and produce
biogas as a byproduct.

The biogas produced in the amber bottles can be collected
and used for cooking or lighting. The remaining digestate can
also be used as a fertilizer.

Overall, using a combination of food waste, cow dung, and
NaOH solution can help to improve the efficiency of biogas
production and reduce waste. The use of amber bottles and
NaOH solution helps to maintain the conditions necessary for
bacterial growth and biogas production.

ADDITION OF BIOCHAR IN THE FOOD WASTE
AND COW DUNG

[5]Adding biochar to a mixture of food waste and cow
dung can have several benefits in biogas production. Biochar
is a type of charcoal that is produced by heating organic
material in the absence of oxygen. Here's how the process of
adding biochar to food waste and cow dung kept in amber
bottles typically works:

Biochar is made of using dry grass. This dry grass was kept
in the muffle furnace at 200 degree celsius. After this the
heated dry grass will be tamped to prepare powder.

Biochar is added to the mixture of food waste and cow
dung. Biochar is typically added in a ratio of 10-20% by
weight of the total mixture.

The mixture of food waste, cow dung, and biochar is then
added to amber bottles. The amber bottles are commonly used
in biogas production as they help to protect the substrate from
light, which can promote the growth of unwanted
microorganisms.



https://technoaretepublication.org/renewable-energy-and-sustainability/

Echnoaretez®

e-1SSN: 2583-1968

Technoarete Transactions on Renewable Energy, Green Energy and Sustainability

Vol-2, Issue-1, March 2022

The mixture in the amber bottles is left to ferment. The
bacteria in the mixture consume the organic matter and
produce biogas as a byproduct.

Adding biochar to the mixture of food waste and cow dung
can have several benefits:

Biochar acts as a substrate for bacteria to attach and grow,
providing a larger surface area for bacteria to digest the
organic matter.

Biochar also helps to stabilize the pH level of the mixture,
which can improve the efficiency of the biogas production
process.

Biochar can adsorb and retain nutrients, such as nitrogen
and phosphorus, which can reduce the need for additional
fertilizers.

Biochar can also help to reduce greenhouse gas emissions
by sequestering carbon in the soil.

Overall, adding biochar to a mixture of food waste and cow
dung can help to improve the efficiency and sustainability of
biogas production.

METHODOLOGY

Production of food waste biochar

[6]Food waste biochar is a type of charcoal that is produced
from food waste through a process called pyrolysis. Pyrolysis
is the process of heating organic materials in the absence of
oxygen to produce a carbon-rich solid residue. This residue is
the biochar.

To produce food waste biochar, the following steps are
typically involved:

Collecting and preparing the food waste: Food waste can
be collected from various sources, such as restaurants,
grocery stores, and households. The waste is then sorted and
prepared for pyrolysis.

Pyrolysis: The prepared food waste is heated in a closed
container or kiln at a temperature of around 500-800°C in the
absence of oxygen. This process converts the organic material
into biochar and other byproducts, such as gases and oils.

Cooling and collection: The biochar is cooled and collected
after pyrolysis. The other byproducts can be used as energy
sources or processed further.

Characterization and quality control: The biochar is
characterized to determine its properties, such as pH, nutrient
content, and porosity. Quality control measures are taken to
ensure that the biochar is safe for use in various applications,
such as agriculture, water treatment, and carbon
sequestration.

Food waste biochar has several benefits, including
reducing greenhouse gas emissions, improving soil quality,
and reducing waste disposal costs.

Characterization of biochar

Biochar is a carbon-rich material produced from the
pyrolysis of organic materials such as wood, agricultural
residues, and municipal solid waste. The characterization of
biochar involves analyzing its physical, chemical, and
biological properties, which are important for determining its

potential applications.

Here are some common methods used to characterize
biochar:

Physical properties: These include particle size, surface
area, and porosity. Particle size distribution can be measured
using sieving or laser diffraction techniques. Surface area and
porosity can be measured using techniques such as nitrogen
adsorption-desorption isotherms.

Chemical  properties:  These include elemental
composition, functional groups, and pH. Elemental
composition can be determined using techniques such as
elemental analysis or X-ray fluorescence. Functional groups
can be analyzed wusing Fourier transform infrared
spectroscopy or X-ray photoelectron spectroscopy. pH can be
measured using a pH meter.

Biological properties: These include microbial activity,
nutrient availability, and plant growth promotion. Micraobial
activity can be measured using techniques such as
respirometry or enzymatic assays. Nutrient availability can be
assessed using chemical extractions or plant growth trials.

Thermal properties: These include thermal stability and
reactivity. Thermal stability can be determined using
techniques such as thermogravimetric analysis or differential
scanning calorimetry. Reactivity can be assessed using
techniques such as CO2 adsorption or pyrolysis-gas
chromatography/mass spectrometry.

The characterization of biochar is important for
understanding its potential applications in various fields, such
as agriculture, water treatment, and carbon sequestration. It is
also important for ensuring the safety and quality of biochar
before its use in these applications.

pH, SEM, and FTIR Analysis
pH:

In biogas production from food waste, pH is an important
parameter to monitor as it affects the microbial activity and
ultimately the biogas production. The ideal pH range for
biogas production from food waste is typically between 6.5
to 7.5. If the pH drops below 6.0, it can inhibit the growth of
methanogenic bacteria, which can decrease the biogas yield.
SEM:

SEM can be used to analyze the microstructure of food
waste samples to understand the microbial community and
their interaction with the waste particles. It can help to
identify the types of microorganisms present and their
distribution in the sample. SEM can also provide information
on the physical characteristics of the waste particles, such as
their size, shape, and surface morphology.

FTIR:

FTIR spectroscopy can be used to analyze the chemical
composition of food waste samples and monitor changes
during the biogas production process. It can identify the
functional groups present in the waste, such as carbohydrates,
proteins, and lipids. FTIR can also be used to track the
degradation of these organic compounds into simpler
molecules during the biogas production process.
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Biogas batch reactor design

[7]Designing a biogas batch reactor involves several steps
to ensure efficient and effective operation. Here are some key
considerations for designing a biogas batch reactor:

Determine the volume: The first step is to determine the
volume of the reactor needed based on the amount of
feedstock and the expected biogas production. The reactor
should be large enough to hold the feedstock and provide
adequate space for the biogas to accumulate.

Select a container: The reactor can be made of various
materials, such as plastic, concrete, or steel. The container
should be strong enough to withstand the pressure generated
by the biogas.

Install a gas outlet: The biogas produced in the reactor
needs to be collected and transported for use. A gas outlet
should be installed at the top of the reactor, and a gas line
should be connected to it.

Install a mixing system: A mixing system is needed to
ensure that the feedstock is well-mixed and that the
microorganisms  responsible  for biogas production
haveaccess to the feedstock. A mixing system can consist of
paddles, agitators, or a recirculation pump.

Install a temperature control system: The temperature of
the reactor needs to be maintained within a certain range to
ensure optimal biogas production. A temperature control
system can consist of heating or cooling coils or a heat
exchanger.

Install a monitoring system: The reactor should be
monitored for various parameters such as pH, temperature,
and gas production. Sensors can be installed to measure these
parameters, and a data logger can be used to record the data.

Add the feedstock: Once the reactor is installed, the
feedstock can be added. The feedstock should be added
gradually to prevent overloading the system, which can lead
to reduced biogas production or system failure.

Overall, designing a biogas batch reactor involves careful
consideration of various factors to ensure optimal biogas
production and efficient operation.

Biogas production with the biochar as supplement

Biochar can be used as a supplement in biogas production
to enhance the process and improve the quality of the biogas.
Here are some ways biochar can be used as a supplement in
biogas production.

Improved substrate digestion: Biochar can enhance the
digestion of organic matter in the biogas reactor by providing
a surface area for microbial attachment, which increases the
microbial population and enzyme activity. This can lead to
increased biogas production and faster digestion of the
substrate.

pH buffering: Biochar can act as a pH buffer in the reactor
by absorbing excess acidic or basic compounds. This helps to
maintain a neutral pH, which is optimal for the activity of the
microorganisms responsible for biogas production.

Nutrient retention: Biochar can retain nutrients such as
nitrogen, phosphorus, and potassium, which are essential for
the growth of microorganisms in the reactor. This can

improve the overall nutrient balance in the reactor and lead to
increased biogas production.

Reduced ammonia inhibition: High levels of ammonia in
the reactor can inhibit the activity of the microorganisms
responsible for biogas production. Biochar can absorb excess
ammonia, reducing its concentration and mitigating its
inhibitory effects.

To use biochar as a supplement in biogas production, it is
typically added to the reactor in small amounts (around 1-
10% of the substrate) during the feeding process. The biochar
should be finely ground and mixed thoroughly with the
substrate to ensure even distribution. The effectiveness of
biochar as a supplement in biogas production can vary
depending on the type and quality of the biochar, as well as
the substrate and reactor conditions. Therefore, it is important
to carefully evaluate the effects of biochar supplementation
on the biogas production process to optimize its use

PREPARATION OF NaOH SOLUTION FOR
METHANE PRODUCTION.

[8]Preparation of 1.5 normal Sodium Hydroxide Solution
to generate methane gas. This Methane gas is useful in
increase the efficiency in Biogas production. Biogas which
typically contains 50-70% methane, along with other gases
such as carbon dioxide and trace amounts of hydrogen
sulfide.

Methane has a high energy density, making biogas a
valuable source of renewable energy. Biogas can be used for
electricity generation, heating, or as a vehicle fuel. In fact,
biogas generated from organic waste can often be used to
replace fossil fuels, reducing greenhouse gas emissions and
providing a sustainable energy source.

However, the use of methane in biogas generation must be
carefully managed to avoid emissions of this potent
greenhouse gas. Methane is a much more potent greenhouse
gas than carbon dioxide, with a global warming potential that
is 28 times greater over a 100-year time horizon. Therefore,
it is important to ensure that biogas systems are designed and
operated in a way that maximizes methane capture and
minimizes emissions.

In conclusion, the use of methane in biogas generation is a
key factor in the production of renewable energy from
organic waste. Biogas, which is primarily composed of
methane, is generated through the anaerobic digestion of
organic matter, such as food waste and agricultural residues.
The high energy density of methane makes biogas a valuable
and sustainable energy source that can be used for electricity
generation, etc.
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Figure 3: The above image shows theicomplete setup for
biogas Reactor and the amber bottles kept inside the box.

RESULTS
SEM ANALYSIS

Figure 1: The above i |mage shows that mlxmg of NaOH
Solution wrt to Distilled water.

BIOGAS REACTOR

Flgure 4: The above image shows the morphology(lnternal-
structure) of food waste had done the analysis.
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Figure 2: "The above image shows 1.5 normal Sodium 101 ; : ; : : . )
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Hydroxide(NaOH) solution being poured into 500ml glass
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container for Methane generation.

Figure 5: The above image shows the FITR (Fourier
Transform Infrared Spectroscopy).Graphical representation
of chemical properties of food waste, which can be useful in

understanding its potential for biogas generation.
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CONCLUSION

Biogas generation from food waste has significant
potential as a sustainable energy source and a means of
reducing waste disposal problems. Anaerobic digestion of
food waste can produce biogas, which is a mixture of methane
and carbon dioxide that can be used as a renewable energy
source for electricity generation, heating, and transportation.
In addition to its energy benefits, biogas generation from food
waste also has environmental benefits, as it can help reduce
greenhouse gas emissions and contribute to a circular
economy by turning waste into a valuable resource.
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