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Abstract

This study aims to highlight the necessity of sustainability in the field of recycling solid and liquid waste,
such as damaged fruits and their peels (bananas, apples, oranges) as well as used oils. These waste samples
were chosen due to the high production of such waste primarily from households' food leftovers, as well as
from restaurants and juice production companies. This poses a significant risk to the environment and
humanity, leading to environmental pollution and the emission of greenhouse gases. Therefore, there is a
critical need for the safe disposal of this waste through recycling. The waste was recycled and utilized in the
production of biofuel and biodiesel, both of which are clean, renewable energy sources that do not harm the
environment, thereby achieving the concept of sustainability. The experiment's results indicated the
emission of biofuel, which consists mainly of methane gas. Additionally, the biodiesel was identified through

tests of its density and ignition.
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1 Introduction: environmental impact, and the depletion of

Today, countries around the world strive to achieve fundamental  components are among the most

zero—waste or minimal-waste societies in  the pressing issues facing the world. Additionally, the

context of an economic shift toward the philosophy problem of accumulating solid waste and its

of sustainable development and the right of future exacerbation, along  with the emergence of

cenerations to present natural resources. The sustainable development dimensions, has led to

misuse of these resources. their harmful considerations on how to dispose of this waste.
’
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Humanity 1s currently facing several environmental
dilemmas, which challenge human creativity to find
sustainable solutions to protect the environment.
One of these challenges is the need to produce
energy from renewable sources rather than fossil
fuels. It 1s expected that the demand for such
renewable energy will increase in the future,
becoming more commercially significant. There
are methods for converting biomass into biofuel
and biodiesel, especially as fossil hydrocarbons
become rare and expensive. In recent years, there
has been increasing interest in reducing the
production costs of biofuel. Thanks to international
efforts, the problem of accumulating solid waste has
turned into a valuable resource, and this sector has
developed significantly. Thus, urban waste has
become valuable, and biofuel and biodiesel may be

among the promising alternatives to petroleum-

based fuels.

2. The Theoretical Framework
Recycling is a crucial process for waste disposal, as
the accumulation of waste leads to significant
problems that harm the environment and
humanity. Recycling allows us to benefit from
waste in the light of sustainability. There are many
advantages to recycling waste, including
repurposing waste in an environmentally friendly
manner, which reduces the damage that would
occur if these different types of waste were not
recycled.

With the continuous growth and increase in the
world's population, there is a constant pressure on
the limited resources and their sufficiency for this
increasing number. We have a responsibility to
adopt the "reduce, reuse, and recycle" approach
regarding resources and waste. The global priority

is not only to mitigate the negative impact that has

2

Basic Sciences Sector, The Department of Chemistry 2

already occurred but also to meet the need to
produce more energy for a population expected to
exceed 10 billion by 2050. All of this must be
achieved using as few traditional means of energy
sources as possible, reducing emissions of polluting
gases, and disposing of solid waste(Duque-Acevedo
et al.,2020,2y. On a global scale, agriculture
produces, on average, 23.7 million tons of food
daily. This increase has led to further pressure on
the environment (Ferdes et al., 2022,2y. The
generated waste has become enormous, with the
pressure on landfills reaching a dangerous levelMu
et al., 2020,3y (Parthiba Karthikeyan et al., 20183,
According to studies, the amount of food waste
generated in advanced and developing countries is
approximately 107  kg/personfyear and 56
kg/person/year, respectively. This clearly shows
that higher living standards generate larger amounts
of waste(Dung et al., 2014,309y (Lipinski et al.,
2016,8). There are various types of waste, including
solid waste, liquid waste, construction waste, and
tood waste, which consists of animal or plant origin
residues from various foods prepared in the kitchen.
It also includes fruit and vegetable residues, used
oils, and others, sourced as mentioned from
households, restaurants, food companies, and food
delivery companies, constituting a large proportion
of waste(Oelofse & Nahman, 2013,83) (Kell,
2019,3y .These wastes can be recycled to produce
biofuel and biodiesel. Biofuel or biogas is energy
derived from living organisms, whether plant or
animal. It is considered one of the most important
renewable energy sources, produced by the
decomposition of organic matter through anaerobic
fermentation. Biofuel 1s a renewable and
environmentally friendly energy source, with
sources producing biogas existing for a long time.

Many countries have used plants and cow dung,
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with the United States being one of the countries
that focused on anaerobic fermentation as an
to producing biofuel (Garba and
Sambo,1995,36-44y  (Sagagi et al.,, 2010,115).

Biofuel production technology is one of the most

approach

important technologies today. Biogas can be used
to meet energy requirements, while organic
residues are considered useful fertilizer. Biogas is a
type of renewable energy that can be produced
from the decomposition of animal and plant waste,
consisting of methane, carbon dioxide, and rare
impurities such as hydrogen and hydrogen
sulphide, as well as some nitrogen (Heeb,2009,5
Deressa et al.,, 2015,65y. The production of
methane  during  anaerobic  digestion  of
biodegradable organic matter depends on the
quantity and type of material added to the system.
Therefore, food residues, fruit and vegetable
wasteDeressa et al., 2015,65), and used oils can be
subjected to certain conditions to produce biogas.
Biogas is a gaseous substance similar to natural gas
and can be utilized in several ways. It has different
combustion and composition characteristics
compared to natural gas, requiring a different set of
prerequisites for combustion(Meggyes & Nagy,
2012,67-68y. Biogas is odorless and colorless,
burning with a clear blue flameScano et al,,
2014,22y . As for biodiesel, it is produced from
recycled used oils, such as waste from hotels,
restaurants, households, and other food industries,
which are simply dumped into rivers or injected
into the ground, impacting the environment. Used
cooking oil can be used to produce biodiesel, which
can be used as a substitute for fossil fuels like diesel
oil. Used cooking oil is a raw material for biodiesel
al.,2007,2443yand can be

converted into biodiesel because its chemical

production (Fariku et

composition contains fatty acids. When it reacts
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with alcohol and using simple technology, it
becomes biodiesel(Ullah et al., 2009,3290,. Several
studies have been conducted on the production of
biodiesel from used cooking oil. Biodiesel is made
from used cooking oil and methanol using
potassium hydroxide as a catalyst (Gnanaprakasam
etal.,2013y. Biodiesel is produced through a process
called transesterification or methanolysis, which
involves the alcohol reacting with the oil in the
presence of a base catalyst such as potassium
hydroxide to produce glycerine and biodiesel
(Yaakob et al., 2013,

3 .Methods of Research and the tools
used
The materials and equipment used in

this study.

Fruit remains and spoiled fruits (orange, apple,
bananay - Yeast - Calcium carbonate (chalk)y -
Cannula device ~Adhesive - Empty 5-liter plastic
bottle - Liquid soap - Glass beaker 250 ml - Flame
dightery - paper towel - pH meter - Used oil -
Potassium hydroxide - Methanol - Separating

funnel - Heater and stirrer-Thermometer-Scale

Methodology and  Experimental

Procedures:

The appropriate initial sample for anaerobic
fermentation to produce biofuel was selected. This
sample included spoiled fruits and their peels,
specifically apples, bananas, and oranges. Yeast and
a quantity of calcium carbonate were added. A
device was designed for the anaerobic fermentation
of the spoiled fruits and their peels as shown in
Fig.1, consisting of a tightly sealed plastic bottle
with a cannula for controlling gas release. After
designing the device for anaerobic fermentation,
the prepared fruits and peels were placed in the

bottle, followed by the addition of yeast and
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calcium carbonate, and the mixture was thoroughly
mixed. The pH was adjusted to 6.5-7 (Deressa et
al., 2015y. The bottle was tightly sealed, and the
closure was confirmed with adhesive. A hole was
made in the cap to insert the cannula, which
controlled the gas flow, and the cannula was closed
to prevent the escape of the produced gas. The
device and its contents were left in a warm place for
a period ranging from two to two and a half
months. Every week, the system was monitored,
mixed, and checked to determine if biofuel was
produced. A test was conducted to detect the
presence of gas. First, a soap solution was prepared
and exposed to the produced gas by opening the
cannula, resulting in many bubbles in the soap
solution as shown in Fig.2, indicating the presence
of gas. Additionally, a flame was applied to the gas
exiting the cannula, causing the flame to glow blue.
Another sample chosen for recycling and
conversion into biodiesel was used cooking oil from
the household, as illustrated in Fig.3. A 60 ml
sample of used oil was prepared, purified, and
filtered thoroughly to achieve a high degree of
purity free from any impurities. The used oil was
then heated to a temperature of 55°C. Meanwhile,
0.5 grams of potassium hydroxide were mixed with
12 ml of methanol thoroughly. Once the oil
reached the required temperature of 55°C, the
potassium hydroxide and methanol mixture were
added to the hot oil. The entire mixture was left on
a stirring device for an hour, then allowed to sit for
24 hours. It was observed that the mixture separated
into two layers: a dark lower layer and a light upper
layer, which is the biodiesel layer, as shown in
Fig.4. The biodiesel layer was separated using a
separating funnel, as depicted in Fig. 5, and its

absolute density was measured by determining the
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weight and volume of the resulting biodiesel.

Additionally, its flammability was tested.
4. Results of Research

In the fruit sample experiment for biogas
production, biogas is generated through bacterial
action in the biological degradation of organic
materials under anaerobic conditions (without the
presence of airy, known as anaerobic fermentation.
Composition and Characteristics of Biogas: Biogas
is a mixture of gases that primarily consists of the
Methane (CH4): 40-70% by
volume,Carbon Dioxide (CO2y: 30-60% by

volume, Other gases: 1-5% by volume, including:

following:

Hydrogen (H2): 0-1% by volume Hydrogen
Sulfide (H2Sy: 0-3% by volume In this experiment,
the biogas production process was monitored as the
anaerobic fermentation of the fruits and their peels
takes a considerable amount of time to complete.
The biogas production was tracked periodically
over the duration of the experiment. To test for the
presence of gas, a simple method was used: a soap
solution was prepared, and the cannula hose
connected to the gas inside the bottle was opened.
It was observed that when the cannula valve was
opened to allow the gas to escape, many bubbles
formed in the soap solution, indicating the presence
of gas. Additionally, the produced gas was exposed
to a flame, and it was found that the gas flared up
and turned blue, indicating the presence of
methane.

Regarding the recycling of the used oil sample for
biodiesel production, biodiesel was produced as
shown in Fig. 6  through the process of
transesterification of the used oils. The biodiesel
was verified by measuring its absolute density,
which was found to be 0.86 g/mL. Comparing this
value with the reference density of biodiesel

recorded in previous studies, which is 0.856-0.890
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g/mL, it was found that the measured value is
acceptable and accurate, indicating that the

produced substance 1s indeed biodiesel (Sarno &

Tuliano, 2019, 81.

Figure (2): Bubbles observed when the gas produced from the cannula was exposed to the soap
solution.
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Figure (4): Separation of biodiesel Figure (3): Used oil sample
and glycerin layers after 24 hours

Figure (6): Produced biodiesel Figure (5): Separation of biodiesel using
a separating funnel.
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5 Interpretation of Results

Through the recycling of apples, oranges, and
bananas via anaerobic fermentation to produce
biogas, the bubbles observed during the gas
detection test, along with the blue flame colour,
indicated the presence of biogas, primarily
consisting of methane. This confirms the successful
completion of the anaerobic fermentation process,
which is influenced by various factors including the
selection of fruit types, fermentation conditions,
temperature, and the duration of the process, as well
as the presence of bacteria that facilitate the
decomposition of organic matter in the fruit. The
type of fruit used plays a crucial role. Apples are
generally astringent or slightly alkaline. They
contain a lot of fiber, water, and natural sugars, but
they are somewhat alkaline due to their nutritional
composition. Using apples in the experiment could
help balance the acidity of the environment,
especially if other fruits used, such as oranges, are
more acidic.

Bananas are alkaline fruits. They are high in
potassium and magnesium, which are alkaline
minerals that can help in neutralizing acidity.
Therefore, using bananas in this experiment can
help in adjusting the pH, making the environment
more conducive to fermentation. Thus, the choice
of fruit was appropriate. Temperature is another
crucial factor in fermentation, with the optimal
conditions being around 25-30°C.The use of yeast
in this experiment can positively impact biogas
production. Yeast, a type of fungi, is typically used
in fermentation processes that convert sugars into
alcohol and carbon dioxide, among other
compounds. In this case, yeast can aid in breaking
down the organic residues in the fruits by secreting

enzymes that convert the sugars in the residues into

methane and carbon dioxide, thereby increasing the
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amount of gas produced. Regarding the sample of
used o1l for biodiesel production, it was found that
by measuring the density of the upper layer after
separation, it matches the reference density values
for biodiesel mentioned in previous studies. This
indicates the formation of biodiesel through the
transesterification process, which occurs in the
presence of potassium hydroxide as a catalyst.
Potassium hydroxide is used to increase the reaction
rate and improve the yield of biodiesel or increase
the quantity produced. The oil was heated to a
temperature not exceeding 60°C to prevent the
evaporation of the methanol used. Methanol was
chosen for its lower cost and faster reaction with the
oil sample and potassium hydroxide. Under these
conditions, the triglycerides in the oil reacted with
methanol in the presence of the catalyst, resulting in
the production of methyl esters and glycerol.
Methyl esters, which are biodiesel, have properties
suitable for use as fuel in car engines, making them
the main product, while glycerol is a secondary

product.

6. Conclusion
For the sake of achieving sustainable development
principles and in light of the significant

consumption and accumulation of  waste,
communities around the world, especially in
advanced countries, have resorted to dealing with
this dilemma by recycling and benefiting from
waste. The study has found a way to safely dispose
of waste in an environmentally friendly manner,
achieving sustainability by producing biofuel and
biodiesel, which are energy sources derived from
biomass, especially plant biomass and used oils,
respectively. They are among the most important

renewable energy sources, unlike other natural
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resources such as oil, coal, and all types of fossil

fuels.
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