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ABSTRACT

In the quest for sustainable and eco-friendly energy solutions,
renewable energy biogas technology stands out as a promising
option, offering zero-waste energy generation. River water hyacinths,
known for their rapid and abundant growth, hold great potential in
this domain. Rich in cellulose, nitrogen, essential nutrients, and
fermentable components, water hyacinth leaves present an ideal
source for biogas fuel production. Notably, their high hemicellulose
content allows for efficient biogas generation.

This study focuses on harnessing the biogas potential of water
hyacinths readily available in river ecosystems. The experimental
setup involved employing water hyacinth, cow dung, and water at
various ratios using the batch-fermentation technique. Daily
monitoring of biogas production was conducted throughout the 60-
day degradation process until the desired gas production levels were
achieved, alongside effective degradation of the biomass.

An essential factor explored in this study was the Carbon-to-Nitrogen
(C/N) ratio, recognized as a critical determinant for successful biogas
production. The research findings revealed that a C/N ratio of 30.75
proved to be optimal for this specific experiment.

This research contributes valuable insights into the potential of
renewable biogas technology, highlighting the significance of
utilizing water hyacinths as a viable and sustainable energy resource,
while also offering a greener approach to address environmental
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challenges.

INTRODUCTION

The global energy supply is heavily reliant on non-
renewable fossil fuels such as crude oil, lignite, hard
coal, and natural gas, which have formed over
millions of years through the petrification of deceased
plants and animals under intense heat and pressure in
the Earth's crust. However, these fossil fuels are finite
resources, being depleted faster than new ones can be
generated, raising concerns about sustainable energy
alternatives.

One such concern for the environment, irrigation
systems, and crops is the proliferation of Water
Hyacinth (Eichhornia crassipes or E. crassipes), a
pervasive aquatic weed worldwide. Water hyacinth
grows rapidly and poses significant economic and
ecological challenges due to its aggressive growth.

Interestingly, water hyacinth offers a potential
solution to the energy dilemma as it contains around
95% hollow tissue, making it highly energized and

rich in fermentable components. This composition
presents an excellent opportunity for biogas
production. Notably, it contains a high concentration
of hemicellulose, setting it apart from other organic
materials for biogas generation.

The process of hydrolyzing hemicellulose, a complex
polysaccharide polymer, yields a derivative mixture
product that can be further processed through
anaerobic digestion, resulting in the production of
biogas, primarily composed of methane and carbon
dioxide. This biogas has the potential to become a
valuable and renewable energy source.

Anaerobic digestion (AD) has been extensively
utilized to convert various organic waste streams,
including agricultural, industrial, and municipal solid
waste, into biogas. The AD process can be conducted
in either a liquid or solid form, offering flexibility in
waste treatment and energy production.
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Researchers have focused on utilizing water hyacinth
and liquid anaerobic digestion techniques to explore
the efficient extraction of biogas from lignocellulose
biomass, further highlighting the potential of this
aquatic weed in contributing to sustainable energy
solutions.

Biogas Production from Water
(Eicchornia Crassipes):

Water hyacinth (Eichhornia crassipes) is a serene
aquatic plant commonly found in marshes, lakes,
reservoirs, and rivers. Its vibrant green leaves are oval
in shape, reaching a width of about 15 cm. Despite its
tranquil appearance, water hyacinth poses a
significant threat to the environment, irrigation
systems, and agriculture due to its invasive nature.

Hyacinth

One concerning characteristic of water hyacinth is its
rapid growth rate. The plant proliferates at an
astonishing rate, expanding by approximately 1.9%
every day and reaching a height of nearly 0.3-0.5
meters per day. This accelerated development is
problematic as it leads to the formation of dense mats
that cover the water surface, severely reducing
oxygen levels in the water.

Interestingly, water hyacinth also has the potential to
be utilized for beneficial purposes. When water
hyacinth undergoes anaerobic bacterial breakdown, it
produces biogas, primarily methane (CH,4) and carbon
dioxide (CO;). The methane generated through this
process can be harnessed as a valuable source of
biogas energy.

Another valuable organic material that remains
underutilized is cow dung. Although cow dung
contains a significant amount of methane (CHy), its
potential for biogas generation remains largely
untapped. By properly harnessing cow dung, it could
serve as a viable raw material for biogas production,
offering a way to generate alternative energy and
mitigate environmental pollution.

The current study focuses on using water hyacinth,
water, and cow dung as variables to investigate
biogas production. To evaluate the process, various
factors, including slurry pH, gas volume, C/N ratio,
and methane gas quality, were modified and assessed.

In biogas production research, several critical criteria
are considered, such as the food-to-microorganism
(F/M) ratio, carbon-to-nitrogen (C/N) ratio, and total
solid ratios (TS). The F/M ratio determines the
balance between substrate food and decomposer
microorganisms in the anaerobic digestion process.
Maintaining an appropriate F/M ratio is crucial, as a
low ratio can hinder microorganism digestion, while a
high ratio can lead to imbalanced metabolism.

The C/N ratio plays a pivotal role in the biogas
process, with an ideal range of 10-30, preferably 25—
30, for digesters operating at maximum capacity. Low
C/N ratios can block ammonia and make
methanogenesis more sensitive, while high ratios
reduce methane output due to insufficient nitrogen for
cell development.

The study utilizes both liquid and solid-state
anaerobic digestion methods to produce biogas from
water hyacinth. Since water hyacinth contains a high-
water content and hollow networks, the liquid state
anaerobic digestion method works efficiently for its
decomposition. Conversely, lignocellulosic materials
like water hyacinth are best suited for solid-state
anaerobic  digestion, where the total solid
concentration exceeds 15% and moisture content is
low.

In the experimental setup, crushed water hyacinth
leaves, cow dung, and water were used in various
combinations, as indicated in the provided table. The
gas production and C/N ratio were monitored
regularly for 60 days. Biogas measurements were
taken, and methane concentrations were analyzed
during this period using equipment from Arka
Brenstech Private Limited, including Labio and Bio
Process Control Equipment’s.

The study also explored the impact of different C/N
ratios on overall biogas production. Findings revealed
that at a food-to-microorganisms ratio of 10 and a
total solid content of 10% in the feed material, gas
production reached 165.50 ml/g of total solids.

Table - 1
A 0 1 1 2
B 1 0 1 2
C 1 1 0 2
D 0.5 1 1 2.5
E 1 0.5 1 2.5
F 1 1 0.5 2.5

C/N Ratio measurement:

The C/N ratio is a critical indicator of biogas
substrate quality, particularly for anaerobic digesters,
where an optimal range of 20-30 C/N ratios is
desired. Table- 2 presents the C/N ratios of various
raw materials. Amino acids are formed through the
substrate's nitrogen content, but excessive nitrogen
leads to the production of ammonia, resulting in
unpleasant odours. The type of feed used also affects
the C/N ratio of the manure.

Here are the specific C/N ratios of the analyzed
samples:
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Table - 2
Water | 22.00 0.30 |73.33 A 11.50
Hyacinth
Cow 28.00 1.10  |25.45 B 15.20
Dung
Water | 21.00 0.27 |77.78 C 9.20
Hyacinth
Cow 26.50 1.05 (2524 D 25.30
Dung
Water | 21.50 0.29 |74.14 E 30.75
Hyacinth
Cow 26.00 1.01  |25.75 F 20.70
Dung

Note: The analysis included multiple samples of
water hyacinth and cow dung, with variations of up to
5% in their C/N ratios.

To investigate the impact of different C/N ratios, the
samples were collected and tested in six reactors.
Sample E, with a C/N ratio of 30.75, exhibited the
highest gas production among all samples. The
experiments were conducted over a 6-month period,
with regular testing every 60 days to monitor gas
production and degradation. Sample E, with a Water:
Water Hyacinth: Cow Dung ratio of 1:0.5:1 (totalling
2.5 kg), proved to be the most efficient for anaerobic
digestion, largely due to the nitrogen content present
in the cow dung sample, which facilitated the
formation of amino acids.

Slurry pH: (Acidity):

The production of methane is influenced by the pH
level. Therefore, it is crucial to record the initial and
final pH values to evaluate the adequacy of biogas
fermentation. During several experiments, the pH of
the feed material ranged from 7.4 to 7.7. Interestingly,
in the case of sample E, the pH at the time of feeding
was measured at 7.6. The outlet pH for all samples
was consistently neutral, ranging between 7 and 7.1.
This neutral pH is favourable for methane bacteria as
they effectively break down acetic acid. As a result,
methane content increases while carbon dioxide
content generally decreases as the pH approaches
neutral.

Sample E, with its ideal inlet pH of 7.6, demonstrated
aremarkable methane content in the raw gas, ranging
between 70% to 76% when the water: water hyacinth:
cow dung ratio was 1:0.5:1. The higher methane
content was achieved due to the increased amount of
cow dung added to the substrate during co-digestion.
Based on the results of these various experiments, it
can be concluded that biogas derived from water
hyacinth can serve as a promising renewable energy

source. To further enhance overall productivity and
methane content in the raw biogas, it is essential to
add cow dung in the specified ratios mentioned
above.

Conclusion:

Water hyacinth, a prolific waterweed, has had
significant implications on the environment,
irrigation, and agriculture. However, amidst its
challenges, this study has shown a promising solution
through biogas production. By utilizing water
hyacinth leaves in combination with cow dung at a
ratio of 0.5:1, with a 40-day retention time and a 10%
total solid content in the feed material to the digester,
substantial gas production was achieved. The biogas
yield was at its peak during the first 40 days,
gradually declining thereafter. The study also
identified the optimal C:N ratio of 30.75 for efficient
biogas generation. Notably, the highest biogas yield
recorded in the various samples analyzed was an
impressive 165 ml/g of TS with the water hyacinth to
cow dung ratio of 0.5:1. These findings highlight the
potential of harnessing water hyacinth as a valuable
resource for sustainable biogas production,
contributing positively to both waste management and
renewable energy generation. With further research
and implementation, this approach could play a
crucial role in mitigating the environmental impact of
water hyacinth and benefiting local communities and
ecosystems alike.
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