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NOISIAI

problems in the future. Alternative energy sources are required to overcome potential

problems. Bioethanol is one of the suitable alternatives to fulfill our energy
requirements. Bioethanol can be produced from various sources, including organic waste such
as fruit and vegetable waste, which has the potential to produce bioethanol. In this work,
bioethanol was produced from banana peels using alkaline textile industry wastewater for the
delignification process. The effect of H,SO, strength, pH of the solution for fermentation,
banana peels delignification, and grinding (size reduction) on ethanol production was analyzed.
Experimental results show that increasing the sulfuric acid concentration from 2% to 5%, and
then to 10%, led to an increase in the refractive index and hence, ethanol production, with
maximum ethanol yield observed at 10% H3SO,. Increasing the pH of the solution of
fermentation from 2 to 14 shows an increase in the refractive index, and maximum ethanol
was obtained at pH 6. The delignification and grinding (size reduction of banana peels) also
showed a positive effect on the production of ethanol.
Keywords: Bioethanol, Delignification, Fruit and Vegetable Wastes, Banana Peels, Textile
Wastewater
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Introduction:

Conventional fuel is limited in the Earth's crust, and today's world depends on fuels
for moving vehicles, heating, and electricity [1]. The predicted amount of crude oil in 2020
was 90 million [2]. Latest research shows that it will exceed the above figure due to the high
reliance on crude oil [3]. This high dependency on crude oil and associated fuels, including
gasoline, results in the emission of greenhouse gases from the combustion of various fuels,
which in turn affects the environment, such as droughts, floods, skin diseases, etc. To
overcome the effects of climate change, an alternate fuel for gasoline is required to fulfill the
need of energy requirements [4]. Latest research shows that ethanol is the best alternative to
gasoline, and it can be used in a blended form of 75 % gasoline. 25 % ethanol named E-25.
Brazil is the best example of using ethanol blended with gasoline. Gasoline, a significant chain
hydrocarbon, produces more amorphous carbon from the incomplete burning of organic
matter than ethanol [5]. The leading cause of air pollution is the emission of sulfur dioxide and
carbon monoxide from vehicles, which can cause severe health issues, biotic and abiotic, global
warming, and alarming climate change effects [6]. The price of gasoline is increasing day by
day in this time of inflation, and it is bleak to pay carbon taxes. To tackle this problem,
renewable energy sources may be used to produce ethanol as a fuel, which can overcome the
effects of climate change and reduce global warming, pollution, and inflation [7]. The latest
study shows that diesel engines emit a severe amount of black carbon and nitrogen oxides,
which badly affect human health [8]. Bioethanol has remarkable physicochemical properties
[9] and may be considered as a suitable energy source and gasoline blend [10]. Over the last
two decades, soil pollution has increased, alarming the living beings, the environment, and the
atmosphere. It may spread through human activities, i.e., industrialization, transportation, etc
[11]. Organic pollutants cause soil pollution, and the emission of greenhouse gases from
automobiles disturbs the pattern of rainfall and increases the temperature of the earth, which
affects the climate and causes global warming [12]. Currently, the world population exceeds
8.2 billion, and the food demand has also increased, which causes land pollution in the form
of organic food waste. The organic food waste is recycled as an alternate source of energy and
a driver of nitrogen, which contributes to waste quality and greenhouse gas emissions. Food
waste can be converted into renewable energy sources using the latest technology, reducing
organic food waste pollution [13]. Production of bio-ethanol fuel from organic food waste
reflects waste-to-fuel technology [14]. Ethanol was previously produced from other fruit and
vegetable waste, such as Indian chestnut, sweet potato, jackfruit, and pineapple. However,
these wastes produced a small amount of ethanol after a long process. Pineapple waste
produced 0.090% (0.90 mg/ml) Ethanol, sweet potato waste produced 0.079% (0.79 mg/ml)
ethanol, jackfruit waste produced 0.045% (0.45 mg/ml) ethanol, whereas Indian chestnut
waste produced 0.045% (0.45 mg/ml) ethanol [15] Figure 1 shows that the maximum yield of
Ethanol was obtained from banana peels. The product yield content in banana peels increased
by 7.38 (v/v) in the first 24 hours of fermentation and then went down after 72% of
fermentation. In contrast, other wastes, like cabbage and mixed wastes, decreased product
yield from the first 24 hours, and papaya waste decreased yield after 48 hours [16].

It is concluded that banana peels may be used as a raw material for biofuel production,
as their product yield is the highest. Moreover, bananas are used throughout the whole year,
while other fruits and vegetables are available only in a specific season. The raw material, which
is mainly composed of cellulose and hemicellulose, can be converted into simple sugar by the
hydrolysis process. However, it has a fibrous material called lignin, which hurts the production
process. Therefore, to maximize the production, delignification is carried out, as lignin hinders
the hydrolysis process [17].

In this research work, a novel approach to ethanol production from waste banana
peels is presented. The significant global generation of organic waste, with over 30% being
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fruit and vegetable waste like the widely consumed banana (over 100 billion annually), and the
environmental burden of high-pH textile wastewater from Pakistan's textile industry, this study
introduces a unique solution for waste-to-energy transformation. Banana peels, rich in
cellulose and hemicellulose but containing lignin that hinders the process of ethanol
production, are subjected to alkaline delignification using textile wastewater (an alkaline
byproduct of the textile bleaching process). This specific application of textile wastewater for
lignin removal in banana peels for bioethanol production represents a novel waste-to-energy
transformation (which was never used before for ethanol production). The results
demonstrate a significantly higher ethanol yield compared to conventional processes, which
highlights the potential of this advanced and environmentally friendly transformation.
This study's primary Aim was to investigate bioethanol production from waste banana peels
using alkaline textile industry wastewater for the delignification process. Objectives:

To optimize the (HzS0,) concentration used in the hydrolysis process on the
efficiency of sugar release and subsequent ethanol yield.
e  To evaluate the influence of pH (ranging from 2 to 14) on the fermentation process and
ethanol product yield.
e To analyze the role of delignification in enhancing the hydrolysis process by reducing
lignin content in banana peels.
e To explore the novel use of alkaline textile industry wastewater as a sustainable medium
for delignification, contributing to waste-to-energy solutions.

By addressing these objectives, the study sought to develop an efficient, eco-friendly

method for bioethanol production while repurposing industrial and agricultural waste.
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Figure 1. Bioethanol production with a combination of fruit and vegetable wastes

Materials and Methods:
Grinder:

A grinder is a machine used to crush and pulverize material into smaller pieces, shown
in Figure 2. In the context of producing ethanol from banana peels, a grinder breaks down the
banana peels into fine pulp to increase the surface area for the hydrolysis process, which breaks
down the complex carbohydrates into simple sugar, which is then converted into ethanol in the
fermentation process.

Specification of the Grinder:

. voltage: 220/240 V, 50Hz/60Hz

o Rotating speed: 28000 r/min
o Working time: 5 min

. Power factor: 1800W

. Grinding degree: 30~300

o Interval time: 10 min
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Figure 2. Grinder for size reduction.
Distillation column:

A distillation column (Figure 3) works on the fractional distillation principle. Here,
ethanol is separated from the mixture, usually the ethanol-water mixture. Ethanol's boiling
point is 78 °C, and that of water is 100 °C. Due to the difference in the boiling points of the
two components, separation is achieved.

Figure 3. Distillation column.
Components of a Distillation Column:

o Heater

° Condenser

° Distillation flask
° Receiving flask
° Stand

Refractive meter:

An instrument used to measure the refractive index of a liquid solution using the
principle of refraction of light.
Working principle:

It works by passing light through a sample and measuring the angle of refraction,
which changes with changes in the concentration of solute.
Methodology:
Sedimentation Of Textile Wastewater:

Textile industrial wastewater, which is used to produce bioethanol, was collected from
the Dawood textile industry in Hayatabad, Peshawar, Pakistan. The sedimentation process was
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performed to remove all the suspended particles and heavy metals in textile industrial
wastewater, and clear alkaline water was obtained.
Washing of raw material (Banana peels):

Banana peels contain dust particles and other impurities, which were removed by
washing them with tap water.
Delignification:

In the delignification tank, lignin was removed by heating banana peels for 3 hours, in
the presence of alkaline textile waste water, and a temperature of 70 °C was maintained. Here,
lignin was reduced by 50%. After this, the size reduction of delignified material was carried
out.

Washing:

In this step, the delignified banana peels, which had a blackish color due to black liquor
produced during delignification, were washed again with tap water to proceed to the next step.
Acid hydrolysis:

Solution of H,804 was prepared with the concentrations of 2%, 5%, and 10%. The
material after crushing was divided into three equal parts. Each part of the material was added
in the 2% H3SO4, 5% H2804, and 10% H;SO4 respectively. In the Pre-treatment tank, the
peels were treated and heated at 80 °C temperature for 10 minutes, as shown in Figure 4. The
hydrolyzed solution was neutralized by the addition of NaOH to get the optimum pH of 6.

Figure 4. Pre-treatment of banana peels.
Neutralization:

In this step, the hydrolyzed solution, which was strongly acidic due to the addition of
H3SO, for complex bond breaking, was neutralized by the addition of NaOH to get a
favorable condition for the fermentation.

Fermentation:

Saccharomyces cerevisiae (Baking Yeast) was added to the neutralized solution to
break down the glucose molecules to get the desired product. The process took seven days,
and an ethanol-water mixture was produced as a product, and CO, was produced as a by-
product.

Distillation:

The ethanol-water mixture was separated by using a simple atmospheric distillation
technique. The boiling point of ethanol is lower than water. Prepared ethanol had a refractive
index of 1.36.

Refractive meter (testing):

After the distillation, the ethanol was tested by the refractive meter to check its purity
by the refractive index.

Production of bioethanol can be shown in Figure 5.
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Flow diagram of methodology:
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Figure 5. Flowsheet for the production of bio-ethanol.
Results and Discussion:
Effect of H,SO, strength on ethanol production:
After fermentation, the refractive index of all three samples, i.e., using 2%, 5%, and 10%

H2SO4, was found out and tabulated against the sulfuric acid strength as shown in Figure 6.
1.358 1.357

1.356
1.354
1.352

1.35
1.348
1.346

1.34
1.344

RI of solution after fermentation

1.342
0% 2% 1% 6% 8% 10% 12%

H,S0, solution concentration
Figure 6. Refractive Index of ethanol water mixture vs H,SOy solution concentration (pH
= 6.0)
Table 1. RI and H,SOy4 solution concentration

H.SO4 concentration | Refractive Index
10 % 1.357
5% 1.350
2% 1.344

The results revealed that the refractive index was increased as the strength of the acid
increased and reached a value of 1.357, close to the refractive index of pure ethanol, i.e., 1.30,
as shown in Figure 6. Thus, the optimum value of refractive index for the mixture was 1.357,
which means that the ethanol percentage in the solution will be maximum when the refractive
index of the solution is 1.357 or near this value. The refractive index of ethanol is 1.36, and
that of water is 1.34. Therefore higher the refractive index, the higher will be the ethanol
(Product) concentration. However, it should not be more than 1.36 nor less than 1.34. Table
1 represents the results of the refractive index and H,SOy, solution concentration.

Effect of solution pH on fermentation on ethanol production:

(Figure 7) represents the effect of pH of the solution prepared for fermentation on
the refractive index of the ethanol-water mixture. As shown in the figure 7, at pH 6, an
optimum value of refractive index, i.e., 1.357, was obtained close to the refractive index of
ethanol (1.36) corresponding to the maximum amount of the product ethanol-water mixture.
Table 2 represents the results of the refractive index and solution pH.
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Table 2. RI and solution pH

PH | Refractive Index
01 1.346
06 1.357
14 1.367
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Figure 7. Refractive Index vs pH of prepared solution for fermentation (10% H.SOs)
Effect of banana peels delignification on the ethanol production:

Experiments were conducted without and with the delignification process, and the
results were tabulated as shown in Table 3. It is shown that the refractive index was high when
delignification was carried out. It is concluded that the delignification increases the product
yield of ethanol.

Table 3. Comparison of ethanol production with and without delignification

Delignification | Refractive Index | pH | Concentration of HxSO4 (%0)
Without 1.351 0.0 10
With 1.357 0.0 10

Effect of raw material size on ethanol production:

The ethanol product yield was also affected by the size of the raw material (banana
peels) used as feed for the hydrolysis process. Experiments were carried out with and without
grinding just before the hydrolysis process, and the results in Table 4 revealed that the
experiment performed with size reduction had a higher refractive index and vice versa, which
was translated as high ethanol production.

Table 4. Effect of grinding of raw material on the ethanol production

Grinding | Refractive Index | pH | Concentration of H.SO4 (%)
Without 1.348 0.0 10
With 1.357 0.0 10

The overall experimental results are tabulated in Table 5, which shows the effect of pH,
strength of H.SO, the effect of delignification process, and grinding on the refractive index
and ethanol production.

Table 5. Overall experimental results

Exp No. | Delignification | Grinding | pH | Concentration of H,SO,4 | Refractive Index

1 Yes Yes 6 2 1.344
2 Yes Yes 6 5 1.350
3 Yes Yes 6 10 1.357
4 Yes Yes 14 10 1.365
5 Yes Yes 1 10 1.346
6 Yes No 6 10 1.352
7 No Yes 6 10 1.351

Discussion:

Comparison of this study with previous research.
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Table 6. Comparison of Ethanol Production from Various Feedstocks

Study Feedstock Key Conditions Yield/Output | Key Findings
Current pH 14, 10% 1.365 Highest RI
Hre Banana peels H>SO,, delignified, (Refractive achieved; pH 14
Experiment
ground Index) result unusual
Natural yeast, pH 4.5% v/ Annifer(;tllve
[16] Mixed fruit waste 5.5-6.0, 72h DYy o
. ethanol fermentation
fermentation
process
Cassava/banana 10% H3SO4, 450 mL from Dem.ons.trated
[14] ste d, pH 6.0 3kg of waste grinding
wa ground, pH 6. g of w bencfits
N/A (reference o Industry purity
[10] Pure ethanol standard) 1.361 RI (20°C) benchmark
. Large-scale
[9] Sugjr;llne Indfs;rlaiiscr?le 5,000 I./ha/yeatr economic
(Brazl) productio viability
Table 7. Ethanol Production Comparison by Refractive Index (RI)
. Equivalent
Study Feedstock Key Conditions Refractive Ethanol . Ke‘y
Index (RI) . Findings
Purity
Potential
Current pH 14, 10% H2SOs4, _aro measurement
Experiment Banana pecls delignified, ground 1.365 96% ethanol artifact at pH
14
. . Typical for
[16] Mixed fruit | Natural yeast, pH 1.358 ~92% ethanol | fermented
waste 5.5-6.0 .
bioethanol
Lower RI
0
[14] Cassava 10% H250s, 1.352 ~88% cthanol |  suggests
waste ground, pH 6.0 . .
impurities
Reference standard o Anhydrous
[10] Pure ethanol (20°C) 1.361 100% ethanol benchmark
[9] SUBRLCANE | 1 jsirial distillation | 1.360-1363 — —
ethanol

Conclusions and Recommendations:

Bioethanol was produced from banana peels using textile industry wastewater and the
delignification process. The effect of H,SO, strength, pH of solution to fermentation, banana
peels delignification, and grinding (size reduction) on the refractive index of bio-ethanol was
analyzed. It was concluded that maximum ethanol was produced at 10% H>SO, and pH 6.
Additionally, the process of delignification and grinding had a positive effect on the

production of ethanol.
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