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Abstract — A major source of energy for our society is the
burning of fossil fuels such as coal petroleum and natural gas.
These sources are in limited amounts, so scientist and
researcher continuous looking for another energy source.
They find many renewable resources like biofuel, biodiesel
and many others. Biodiesel is a renewable clean burning fuel
derived from biological sources. Biodiesel are derived from
different vegetables oil, animal fats and algae. Water hyacinth
represent a promising source for biodiesel production because
of its high availability and high biomass yield. Water
hyacinth biodiesel (WHB) is obtained by water hyacinth
petioles. By using Soxhlet extraction and transesterification
process water hyacinth biodiesel is produced.

Keywords: Water Hyacinth, Biodiesel, Soxhlet Extraction,
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. INTRODUCTION

The rate of depletion of fossil fuels and the effect of
greenhouse gas emissions on global climate change are
creating much interest in biodiesel.[1] Biodiesel is a
renewable, clean-burning fuel derived from biological
sources such as vegetable oils, animal fats, or recycled
cooking oil. It is typically produced through a chemical
process called transesterification, where the oil and fats are
combined with an alcohol, such as methanol or ethanol, in the
presence of a catalyst to produce fatty acid methyl esters
(FAME), commonly known as biodiesel, and glycerol.

In the recent years energy has a key role in the
cultural and economic growth for developing and developed
countries. Fossil fuels such as coal, wood, gas and minerals
oils are the source which satisfied the need of energy for the
world. Due to high compression ratio in diesel engine has
delivered better acceleration, towing and hauling potential

than their gasoline counterparts. By improving the thermal
efficiency of diesel engine, dominate the transportation
sector. Also, depletion of the fossil fuels and increasing the
exhaust emission has been most serious thing which result to
researcher find an alternative feedstock for an unmodified
diesel engine.[2]

Whole world is in search of another alternative fuels
after the fossil fuels consumption because it is limited. So,
most of the country promote the research and production in
the field of renewable energy like wind energy, solar energy,
tidal energy and bio-fuels. But there is not much work in the
field of different combination of biodiesel. Biodiesel is an
environment friendly fuel which improve the diesel engine
life and also a better replacement of diesel.

Biofuels can be arranged into four primary classes.[3]
—  First generation biofuels

— Second generation biofuels

— Third generation biofuels

—  Fourth generation biofuels

Water hyacinth is a free-floating aquatic plant
mainly they were available in tropical and subtropical region
like Amazon River and Africa. Water hyacinth biomass was
a suitable for production of bioethanol. Water hyacinth was
containing hemicellulose (48%), cellulose (18%) and lignin
(3.5%). Currently biodiesel is derived from vegetables oil,
fried oil and algae that is also good for biodiesel production.
The interest in production of biofuel has started in Egypt in
Eighties of the last century, and stages for production of
biofuel in Egypt divided to the following: (1) In 1980,
production of biogas from animal waste, (2) production of gas
by plants and crops residual burning, (3) Biodiesel production
from Jatropha during 2004.
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Fig. 1: Schematic path of biodiesel production
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Besides its low cost, another undeniable advantage
of non-edible oils for biodiesel production lies in the fact that
no foodstuffs are spent to produce fuel. Due to this reason the
biodiesel production trials in several countries, using non-
edible oil such as castor oil, tung, cotton, jojoba and jatropha
have to be lead[4].

In this paper we produced biodiesel from water
hyacinth that is renewable source of energy and the
availability of water hyacinth and other chemicals available
easily. In this paper we discussed about Soxhlet extraction
process which is used for oil extraction. Chemical Soxhlet
extraction used in extraction process. Further Water hyacinth
oil is processed for Transesterification process where it reacts
with the alcohol in the presence of catalyst.

The production of biodiesel from water hyacinth
offers numerous benefits, including waste utilization,
renewable energy generation, carbon mitigation, economic
development, environmental restoration, and energy source
diversification. This process helps address environmental
challenges associated with water hyacinth proliferation while
contributing to sustainable development goals.

Il. EXPERIMENTAL METHODOLOGY:

A. Preparation of powder:

Then collect the water hyacinth plant from the water bodies
like'ponds, rivers and lakes. And then remove the plant stem
and petioles with the root of the plant.[5]

In this process first collect the water hyacinth stem
and petioles and dried them for minimum 15 day, when the
water hyacinth stems are dry then cut them into the small
particles and crushed them to make powder. These powders
are further used in extraction process

This step is most important in water hyacinth
biodiesel production because if the water hyacinth stems are
crushed in small particles, then the further process will be
easy for the production.
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Fig. 2: Schematic path for water hyacinth stems to powder
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Fig. 3: Water hyacinth powder
B. Lipid Extraction:

The methods used for the extraction of lipid from microalgae
are categorized as mechanical and chemical methods. The
chemical methods of lipid extraction are Soxhlet extraction,
supercritical fluid extraction, and accelerated solvent
extraction; mechanical methods are oil expeller, microwave
assisted extraction, and ultrasonic assisted extraction[6]. The
chemical methods use organic solvents like n-Hexane that is
toxic and inflammable, and vacuum distillation, which affects
health and environment.

A Soxhlet extractor is a piece of laboratory
apparatus invented in 1879 by Franz von Soxhlet. It was
originally designed for the extraction of a lipid from a solid
material. Typically, Soxhlet extraction is used when the
desired compound has a limited solubility in a solvent, and
the impurity is insoluble in that solvent. It allows for
unmonitored and unmanaged operation while efficiently
recycling a small amount of solvent to dissolve a larger
amount of material [7].

A Soxhlet extractor has three main sections: a
percolator (boiler and reflux) which circulates the solvent, a
thimble (usually made of thick filter paper) which retains the
solid to be extracted, and a siphon mechanism, which
periodically empties the condensed solvent from the thimble
back into the percolator.

In Soxhlet extractor there are some parts like
thimble, stirrer bar, siphon and condenser. By using Soxhlet
extractor process water hyacinth powder is converted in water
hyacinth oil which is further used in transesterification
process.
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C. Transesterification Process:

When the catalyst, alcohol, and oil are mixed and agitated in
a reaction vessel, a transesterification reaction will start. A
stirred reactor is usually used as the reaction vessel for
continuous alkali-catalysed biodiesel production. Recently,
there is an increased interest in new technologies related to
mass transfer enhancement.[8] Water hyacinth biodiesel is
produced by transesterification process in which raw oil is
reacted with alcohol in the presence of catalyst. In this
process commonly used alcohols are methanol and ethanol
due to their low cost and easy availability. The triacyl
glycerides from a variety of feedstocks such as nonedible oil
seeds, vegetables oils, animal fats or waste cooking oil, and
algae are converted into fatty acid methyl esters (Biodiesel)
in the presence of alcohol.
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Fig. 5: Transesterification process[9]

D. Separation:

Once the response is finished, then new items exist, Biodiesel
and glycerine. Once the mixture of biodiesel and glycerine is
stored then take a separation flask in which put the final
product. After putting in the separation flask glycerol is
settled down in the flask because of its high density and
biodiesel is collect in the flask upper side because it is low
dense as compare to the glycerol. After settle down the
glycerol take out the biodiesel from flask and take it for
further process. At present, the most common biodiesel
manufacturing technologies employ homogeneous catalysts,
in batch or continuous processes where both reaction and
separation steps can create bottlenecks.[10]Fig 6: Complete
path for biodiesel production and testing

I11. RESULT AND DISCUSSION:

After the production of biodiesel from water hyacinth it is
now available for testing. First, we should test about its basic
properties and further used for the commercial. Without
testing it can affect the engine performance, once the basic

properties are tested then it can blend with diesel. It can blend
in small percentage and after that we should increase the
percentage of biodiesel in blending.

Some basic properties which can test before the blending.

Experimental | Standard .
. Conventional
Properties value value Diesel
(Biodiesel) | (Biodiesel)
Density
(kg/m? 825 860 830
Specific 0.85 0.88 0.88
gravity
Viscosity
(mm/s? 2.9 35 2.7
lodine 62 56 80
value
Fire point
67 80 52-93
€9)
Flash
point (C) 59 55 52-96

Table 1: Properties values of biodiesel vs Conventional
diesel
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Exhaust gas analyser: For the emission analysis
purpose, the exhaust gas analyser has been used. It generally
coupled with exhaust of engine by the help of probe.
Emissions from all the fuel blends at varying loading
condition has been displayed by the digital screen of exhaust
gas analyser and noted. The various emission parameters,
example for HC, CO2, NOx and CO are explored for the
prepared WHB, butanol and diesel fuel blends and they all
get compared with the conventional diesel at varying loading
conditions of engine. All the mentioned emission parameters
are explained in below sections. Automatic exhaust gas
analyzers are primarily used to diagnose engine emission
problems and thereby maximize engine performance. The
newly designed emission controller was installed in a test-bed
diesel engine and a total of twenty experiments were
conducted with and without the new emission controller at
constant speed and at constant load. During these
experiments, exhaust gases were analysed with flue gas
analyzers measuring CO2, CO, NO2, NO, and PM.[11]

A. CARBON DI-OXIDE:

Air, fuel, and heat are used in the process of combustion of
the diesel engine to ignite the heterogeneous mixture of air-
fuel, produced by the process of compression. Both products
produced by complete combustion and partial combustion are
continuously  getting produced throughout the process of
combustion. The products of effective combustion are CO;
and H,O, but-incomplete combustions produce CO, HC,
NOx, and smoke. There is an imbalance between CO and CO;
emissions, therefore the higher the emissions of CO,, the
better the oxidation of fuel. Figure 6 shows that WHB and
diesel blends emit more carbon di-oxide throughout the
engine loading, indicates that there is sufficient oxygen to
promote complete combustion. Additionally, it has been
noted that D1go emits less NOx than other WHB fuel blends.
The highest value across all fuel blends and diesel is
displayed respectively. Since butanol's high oxygen content
promotes complete fuel combustion, the CO; release rate
increases as butanol's percentage in blends rises. Diesel,
WHB20D80, release CO, emissions at 5kg load that are
respectively 2.06%, 2.06% volume. Finally, the CO;, was
observed to be increased by 5.10%, for WHB20D80in
comparison to conventional diesel. When compared to other
fuel mixes, WHB20D80 has values that are closer to those of
diesel.
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Fig. 6: Graph of CO, VS Load

B. NITROZEN OXIDE:

At the end of combustion, NOx tends to be released only
when gas temperatures are more than 1500 °C. This is
because NOX is created when atmospheric Oz and N react.
O concentration in biodiesel is essential for the generation of
NOx. The abundance of O, molecules in a lean mixture
creates an increase in NOx emissions, which raises the
combustion temperature. The continuous change in NOx
emission values for the diesel and the WHB + diesel blends
is shown in Figure 7. It has been shown that when engine
loads increase for biodiesel mixtures, NOx emissions
increase because of the O, availability, in-hence combustion
rate and total heat released during prior combustion’s cycles.
Higher density of fuel in response to the higher injection
pressures, which is using extra fuel delivery, can be the cause
of higher emissions of oxides of nitrogen for WHB and diesel
blends. Additionally, the WHB-diesel blend burns for a
shorter period of time, which influences the cooling time
through dilution and heat transfer, ultimately leading to
increased NOXx emissions. Since butanol additive has a good
oxygen availability which promotes better combustion and
elevated inside cylinder temperature which promotes increase
in NOx emission, meanwhile 78% presence of nitrogen in
atmospheric air also promotes this. Diesel, WHB20D80, and
generate NOx emissions at maximum loading as 309 ppm,
320 ppm, respectively. Finally, the NOx was observed to be
increased by 3.55%, for WHB20D80, respectively in
comparison to conventional diesel.
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Fig. 7: Graph of NOx VS Load

C. CARBON MONOXIDE:

Because of their effective operation over lean mixture, diesel
engines generally emit less carbon monoxide (CO), which
makes them a very minor contributor to pollution. However,
use of biodiesel modifies the level of oxygen, rate of
oxidation, fuel’s spray properties, cylinders inside
temperature, and ignition centres, all of them are crucial for
generating CO. According to Figure 8, the deficiency of
oxygen in diesel fuel leads the CO concentration to be
significantly higher than that of WHB-diesel blends, despite
the WHB-diesel blends' inherent O, concentration. The rate
of combustion is accelerated and CO; is converted to CO>
more quickly when O; is present. WHB20D70B10 blend has
the lowest CO formation (0.27% vol.) at a maximum load of
5 kg compared to diesel fuel (0.36% vol.). Since inside-
cylinder temperature pressure increased with increased load,
which facilitates effective combustion, whereas increasing
engine loads results in reduced CO emissions. Diesel,
WHB20D80, generate CO emissions that are respectively
0.36% volume, 0.34% volume, 0.30% volume, and 0.27%
volume with a maximum load of 5kg. Finally, the CO was
observed to be decreased by 5.5%, and for WHB20D80, and
respectively in comparison to conventional diesel.
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IVV. CONCLUSION:

From our results we can conclude that water hyacinth is a
promising source for biodiesel production, because it is a
renewable source of energy and easily available in society.
Overall, water hyacinth stands out as a promising feedstock
for biodiesel production due to its abundant availability, high
bio-mass vyield, efficient oil extraction, environmental
benefits and economic opportunities it offers. While biodiesel
production from water hyacinth shows great potential, there
are challenges to overcome, such as the scalability of
production, cost competitiveness with fossil fuels,
technological advancements for efficient conversion process,
and sustainability consideration regarding land and water use.
Research development efforts are ongoing to address these
challenges and further optimize the production of biodiesel
from water hyacinth. In summary, biodiesel production from
water hyacinth represents an innovative and sustainable
approach to biofuel production, offering a renewable and
environmentally friendly alternative to traditional fossil fuels.
By harnessing the potential of water hyacinth as a feedstock,
we can contribute to a greener energy future while addressing
environmental concerns and promoting  economic
development in regions where water hyacinth poses a threat
to ecosystems.
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