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ABSTRACT: With increasing concerns over fossil fuel depletion & environmental sustainability, the
exploration of agriculture residues for bio fuel production has gain significant attention. The growing
demand for sustainable & renewable energy source has led to the exploration of biomass waste for bio-
ethanol production. This study focuses on banana peel biomass waste which is abundant & underutilized
biomass as a sustainable feed stock. For bio-ethanol production specifically from banana peels has very
good potential to produce bio-ethanol via anaerobic fermentation which is rich in lignocellulosic content.
Ethanol production ratio was prepared in 5:3:2 with banana peels slurry, fermentation media & yeast
suspension respectively. The fermentation was conducted under anaerobic condition at room temperature
(25°C). Latter fermentation distillation process was carried out at 78°C to collect pure ethanol. From
14.7kg banana peels mixture (banana peels + fermentation Media + yeast suspension) about 1 L bio-
ethanol could be produced. This research focused on the potential of banana peels waste as an efficient
low-cost feed stock for bio fuel generation, offering a promising route for waste utilization & renewable
energy production. Utilization such agro waste not only reduce environment burden but also contributes to
renewal energy goal by converting waste into valuable fuel.
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INTRODUCTION

The rising global demand for energy, coupled with
concerns over depleting fossil fuel reserves and
environmental degradation, has accelerated the search
for renewable and sustainable fuel sources. Among
various biofuels, bioethanol has gained significant
attention due to its ability to serve as a clean-burning,
renewable alternative to conventional fuels in
transportation and industry (Ackom et al., 2013; FAO
2021; Osman et al., 2024). Traditional bioethanol
production relies heavily on food crops like sugarcane
and corn; however, there is growing interest in utilizing
non-food agricultural residues and waste materials to
avoid the food- versus-fuel conflict (Paminto et al.,
2024; Pattnaik et al., 2024).

In many tropical countries like India have major banana
peel fruit waste, which represents a significant substrate
for renewable energy like bioethanol production. The
banana peel waste are rich in sugar, cellulose and starch
making an efficient source for ethanol production by
fermentation (Gaur et al., 2025; Oyeleke and Jiblin
2009).

In the whole world India is the greatest banana
producing country, generating lot of waste from banana
peels which is dumped in landfill or turned into less
value compost. Annually, approximately 36.6 million
tons of banana are produced in India, yielding banana
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peels around 13.4 million tons (Devi et al., 2025). On
the other hand creating environmental consequences
like emissions of greenhouse gases, climate change and
waste disposal etc. To overcome these problem many
researchers converting this banana peel waste into
renewable bioethanol energy which is help to achieve
SDG 13 by 2030 (Singh and Tiwari 2024). In this work
bioethanol production was done by banana peel as a
raw material by using microbial fermentation. This
practice draws attention to produce cheap, sustainable
and valuable biofuel from waste providing various
advantages and applications (Rai et al., 2022; Singare
and Singh 2025a).

A. Literature Review

As per the literature reviewed production of bioethanol
from agriculture lignocellulosic biomass like rice straw,
corn stover and sugarcane bagasse are efficient raw
materials. Studies emphasized that these raw material
having high content of cellulose and hemicellulose
(Singh and Yadav 2020). For the maximum yielding of
bioethanol it is essential to carried out pretreatment step
of lignocellulosic materials for improving enzyme
accessibility to cellulose (Singare and Singh 2025b). In
tropical nations having higher widespread availability
of banana peel waste as a source of renewable biomass.
In the fruit of banana pseudo stem contains a significant
amount of cellulose and fermentable sugars.
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Halimi et al. (2025) illustrated that under favorable
conditions banana stem juice could be effectively
fermented by using yeast to yield bioethanol.

According to Rai et al. (2019) Ethanol production by
Saccharomyces cervisiae for the saccharification and
fermentation of banana peel residues around 7.2 %
(v/v) yield of ethanol after 5 days fermentation. This
result confirmed the viability of using banana peel
waste to produce ethanol. Although this process is
dependent on such key factors like pretreatment
technique, relevant type of  microorganism,
fermentation ~ condition and  procedures  of
detoxification.

Although, various challenges occurs like banana stems
having high moisture content, pretreatment process and
optimization of parameters limits the large scale
application (Huang, 2024). More research is required to
enhance conversion efficiency and lower production
costs, with recent studies emphasizing sustainable
pathways for large-scale deployment (Balat and Balat
2009; Bharadwaj, 2013).

MATERIALS AND METHODS

A. Collection and Preparation of Raw Material
Approximately 1.5 kg, waste banana fruits were
collected from the local market of Indore, Madhya
Pradesh. The selection focused on overripeor discarded
bananas to ensurethe use of agro-waste for sustainable
bio-resource utilization. From the collected bananas,
banana peels were separated carefully. About 330
grams of fresh banana peels were used as the primary
raw material for further processing. The peels were
thoroughly washed with clean water to remove any dirt,
soil, or surface contaminants. To improve process
efficiency, the hard root portion attached to the peel
was removed using a gentle steam treatment. This step
ensured that only the soft and fermentable portion of
the peel was retained for further experimentation. Care
was taken not to mix the root part with the rest of the
material to maintain consistency and accuracy in the
results. The weight of the final processed material was
measured using an electronic weighing balance
(Capacity 310 grams and least count 1 mg) to ensure
precision in all further experimental steps.

B. Estimation of Physical Characteristic of Banana
Peel

These are some of the physical characteristics of banana
peel, which is what produces bio-ethanol. For cellulose
and semi-cellulose, it was calculated using the
techniques recommended by IEA (2024); Nigam and
Singh (2011).

C. Preparation of Fermentation Media for Bio-Ethanol
Production from Banana Peels

Appropriate fermentation is necessary to turn waste
banana peels into bio-ethanol. The biological process of
fermentation occurs when microorganisms, usually
yeasts, break down organic materials in anaerobic
environments (FAO, 2021).
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For efficient fermentation required a desirable
fermentation medium which may help to promote
growth of yeast and metabolic activity. To create a
balanced environment, two kind of media are helpful
one is yeast media and another one is growth media
(Bhardwaj, 2013). By using the combination of both
media in equally 50: 50 ratio that enhances both yeast
growth and bioethanol production efficiency (Halimi et
al., 2025).

(i) Growth Media. The growth media provides the
essential nutrients required for the general development
and multiplication of microorganisms. The components
of the growth medium include 2 g of glucose (serves as
a primary carbon and energy source), 2 g of peptone
(supplies nitrogen, vitamins, and other growth factors)
and 1 g of yeast extract (adds essential nutrients and
improves the growth rate of the yeast culture) (Gaur et
al., 2025).

(ii) Yeast Media. Yeast media specifically supports the
development and metabolic functions of yeast strains
that are used in the fermentation process. The
composition of the yeast medium is as follows 0.5 g of
urea (serves as an additional nitrogen source), 0.1 g
Magnesium Sulfate (MgSO.) (provides magnesium ions
that are essential for enzyme activity), 2 g glucose (acts
as a fermentable sugar) and 0.2 g Potassium dihydrogen
phosphate (KH:PO.) (acts as a buffering agent and
supplies phosphate ions) (Oyeleke and Jiblin 2009).

(iii) Preparation Steps. All the components of both
media were accurately weighed using an electronic
weighing balance. Components were mixed thoroughly
with an appropriate volume of distilled water to
dissolve them completely (Van et al., 1991; Paminto et
al., 2024). Later prepared media was transfer into a
conical flask. Mouth of the flask was covered with
aluminum foil to prevent contamination from airborne
bacteria and viruses.

D. Preparation of Banana Peels Slurry

To begin the preparation of banana peels slurry,
approximately 330 grams of banana peels were taken.
These peels were carefully weighed to ensure accuracy
in the process. After weighing, the banana peels were
thoroughly ground to convert into a fine paste using a
grinder (Fig. 1). In order to facilitate effective
fermentation, this step increases the surface area. For
the effective fermentation slurry was stand to settled
and kept to dry for 2-3 hr that process helped to
eliminate excess moisture content. After this put slurry
into a sterile conical flask for proper mixing of slurry
and fermentation process. The slurry containing flask
was kept in a room temperature. However, the suitable
temperature for the fermentation required 25-30°C.
Lastly, a yeast suspension was made. It is essential for
starting the fermentation process. For the preparation of
yeast suspension following reagents are required i.e.
5gm glucose, 2gm peptone and 1gm dry yeast, which
are a source of sugar, supply nitrogen and acts as a
fermenting agent respectively.
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Fig. 1. Grinded banana peels (fermentation process).

(i) Fermentation Test. A small amount of lukewarm
distilled water is used to thoroughly mix all of these
ingredients. To guarantee that every component
dissolves fully and forms an even suspension, the
mixture is thoroughly stirred. The slurry, fermentation
medium, and freshly made yeast suspension are then
combined in the conical flask. It is essential that the
yeast works efficiently throughout the slurry with all
ingradients (Fig. 2). During fermentation process after
making slurry, the slurry containing conical flask was
securely covered with aluminum foil to prevent from
contamination. The flask is then kept undisturbed at
room temperature for a period of 48 hours, allowing
complete fermentation to take place. At the end of the
process sample convert sugar into ethanol and other by
product.

Fig. 2. Mixture of freshly prepared yeast suspension.

For the confirmation of successfully completed of
fermentation process, a few observation were made.
Initially absent of air bubbles specially bubbles of CO;
in the slurry represents the yeast activity has showed
down or stopped, suggesting the end of the active
fermentation. The production of gases has ceased when
no bubbles are rising to surface. In addition, changed
nature of slurry was also noted. Which is another major
sign of fermentation has taken place. This change in
acidity, verified by pH meter, which typically drops to
around pH 6 (Devi et al., 2025; Halimi et al., 2025). A
mild but distinct fermented smell may also be present,
which is characteristic of microbial activity and the
breakdown of organic matter. Once these signs are
observed, the fermented slurry is considered ready for
further processing (Fig. 2). The slurry is then sieved
using filters or mesh of different sizes usually 2 to 3
times—to separate the liquid portion from the solid
waste materials. This helps in refining the fermented
product and removing any coarse particles or
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undigested residues (Fig. 3). The leftover solid waste,
often referred to as residual biomass, is not discarded.
Instead, it is collected and utilized for composting. This
organic waste, rich in nutrients, is added to compost
pits or composting systems where it decomposes
further. Over time, it transforms into a valuable organic
fertilizer or compost, which can be used to enrich soil
in agricultural fields or home gardens.

RESULTS AND DISCUSSION

The present study explores the feasibility of producing
bio-ethanol from ripe banana peels through a simple,
lab-scale fermentation and distillation process. About
600 grams banana peel biomass slurry was prepared
and used as the feedstock.

Fig. 3. By product.

A. Physical and Thermal Characteristics

The physical and thermal characteristics of banana peel
are presented in Table 1. These properties provide
essential information about its composition and
suitability for further processing and applications.

Table 1: Physical and Thermal Characteristic of

Banana Peel.
Sr. No. Properties, % Values
1. Moisture 92.04%
2. Total Solid 7.95%
3. Ash Content 14.15%
4, Volatile Solid 85.85%
5. Cellulose 15.32%
6. Hemi — Cellulose 14.36%

B. Observations during Fermentation

The biomass slurry was subjected to natural
fermentation for 48 hours at room temperature without
the addition of any external microorganisms. The
fermentation relied on naturally occurring microbial
flora present in the banana peel. Over the course of
fermentation, a distinct acidic smell developed, and pH
dropped, indicating microbial activity and the formation
of organic acids and ethanol.

C. Bio-Ethanol Yield

Post fermentation, Fig. 4 the slurry was subjected to
distillation at 78°C, which is the boiling point of
ethanol. This process resulted in the collection of
approximately 45mL of crude bio- ethanol from 660
grams of biomass slurry. The final product had a
characteristic alcoholic odor and clear appearance.

This process's ethanol yield efficiency can be computed
as follows: Yield = 45 mL/660 g = 0.068, mL/g.
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According to Fig. 5, this indicates a yield of roughly 68
mL of ethanol per kilogram of biomass from banana
peels. As compared to commercial methods this yield
showed banana peel played crucial role as a
fermentable substrate for producing bioethanol in low
cost and small scale.

i &
Fig. 4. Distillation Process.
The result indicated that banana peel having high sugar
and starch content that property playing using substrate
for the production of bioethanol. Hence there was
microbial free procedure happened which made simple,
affordable and low cost procedure to produce ethanol.
According to literature review, when pH decreases
naturally during fermentation it means sugars are
broken down by microorganisms into ethanol and
organic acids (Balat and Balaty 2009; Osman et al.,
2024). For maximum vyield, before fermentation
optimized each essential factors such as pH, inoculation
with yeast strain like enzymatic hydrolysis. Through the
distillation procedure at 78°C bioethanol was produced
by the successful fermentation of sugars into
bioethanol. Finally study revealed that ripe banana peel

is useful and accessible substrate of bioethanol.

Natural fermentation and distillation were used to
produce 45 mL of ethanol from 660 g of banana
biomass slurry.

([l
Fig. 5. Final Bio-ethanol.

In other words, 1 kg ripe banana peels can yield about
68.18 mL Bio-ethanol. The process was conducted at
room temperature without any special microorganisms,
highlighting its cost-effectiveness and simplicity.
Although the ethanol yield is lower than that achieved
in industrial settings, however this study lays the
foundation for low-cost, small-scale biofuel production,
especially in rural or resource-limited environments.
Improvements in pretreatment methods, use of yeast
strains, and optimization of fermentation parameters
may further enhance yield and efficiency.

Physical and thermal properties of banana peels bio-
ethanol was compared with standard ethanol available
in the markets. Details are summarized in Table 2.

Table 2: Physical and thermal properties of banana peels and its Bio-ethanol.

Sr. No. Parameters Banana Peels Bio-ethanol Standard Ethanol*
1. Purity 90.40% 100%
2. Moisture Content 35.60 -
3. Density 0.76g/ml (at 25°C) 9.789g/ml (at 25°C)
4, pH 6.90 6.8
5. Boiling Point 78.5 78°C
6. CalorificValue 27.68 MJ/kg 29.60 MJ/kg

Source*: Singh and Yadav (2020)
CONCLUSIONS Balat, M. & Balat, H. (2009). Recent trends in global

Following conclusion could be drawn from the study.

1. Banana peel could be used asa raw material for Bio-
ethanol Industry.

2. About 68 mL bio-ethanol yield could be obtained
from per kg of ripped Banana peel.

3. India harvests 36.5 million tones ripped banana, from
which about 13.4 million tones Banana peels are
available every year and it have the capability to yield
about 231, 200 m? of Bio-ethanol.
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