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ARTICLE DETAILS ABSTRACT

Due to increase in demand our conventional resources are insufficient to fulfill the world energy demand.
Renewable techniques are extremely economical due to converting useless waste into energy. To achieve that
purpose anaerobic digestion was performed on banana peels with co digested with biogas slurry. Input
feedstock to anaerobic plant was banana peels which already passed through four pretreatments such as,
glycerol, sodium hydroxide, calcium hydroxide and acetic acid at variable conditions. Glycerol treatment give
most efficient results due to more removal of lignin up to 87%. Anaerobic digestion is completely
environmental friendly with no carbon dioxide emission and due to benefits it can adopted more in future on
industrial and domestic scale. 6 liter capacity tank was installed at 4 liter with 10% TS level to giving space
at top for biogas production. Trails was performed at two temperature 37°C and 55°C but more biogas
produced at 55 °C with retention time period of eighteen days. In slurry tank manually stirring was provided
and produced gas was calculated through water displacement method. This study help to decrease city waste
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by installing anaerobic plants. In that way we can achieve sustainability and waste can also be controlled.
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1. INTRODUCTION

Municipal solid waste is a waste that is generated from service sector
which includes industrial waste and waste produced by final demand
(Tisserant et al., 2017). Municipal solid waste generated in Pakistan on
daily basis and 60% of total shift to disposing point only and 12000 ton
waste only generated from Karachi which having 52% organic fraction but
generally municipal solid waste in Pakistan have 80 to 85% organic
fraction waste (Sohoo et al., 2021).

Waste in cities increased due to gigantic urbanization and shifting of folks
from different small cities to massive cities which are already
overpopulated and having less amenities for own citizens (Hoornweg and
Bhada-Tata, 2012). Europe producing alot of biogas, in 2015 they installed
17,000 anaerobic digestion plant having a capacity of 8293 MW. 60% of
biogas is used to attain heat and electricity (Laperriere et al, 2017).

Pakistan is facing challenges to overcome the energy crisis. MSW
producing in plentiful quantity due to development in Pakistan and all the
requirement of energy attained by using best tactics to recycle waste and
make them productive (Deressa et al, 2015). Waste have many types and
used for enormous purposes such as, Fruit, plants and many types of
animal waste are most suitable examples of biodegradable waste (Van der
Sloot et al., 2017). Power consumption is increasing in 21t century and
fossil fuel are depleting, which has led the researcher to build innovative
and modern technological process for energy generation. The biogas has
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less hazardous emission like COz in the environment (Mursec et al., 2009).

Massive burden produce by fruit and vegetable waste in all over the world
is increasing day by day and typical task for municipal administration to
control leftover (Liu and Liao, 2019). Over the last 30 years the banana
production increases 175% in a revolutionary way to 102 million tons up
to 2010 (Housagul et al, 2014). 116 million tonnes banana produced
around the world and major contribution comes from India and other
African countries (Mago et al,, 2021). Bananas are considered main fruit
crop of Pakistan. Bananas are produced on 34,800 hectares yielding
a production of 154,800 tonnes (Rehman et al., 2018).

Pretreatment of peels before it mix in bioreactor for biogas generation and
prior to anaerobic digestion sample stored at 4°C after cutting of peels.
Main components are acid soluble lignin, hemicellulose, cellulose and acid
insoluble lignin which resist against degradation (Pei et al., 2014). Biogas
slurry declined the need of fertilizer after applying one time and it contain
enormous sort of micro nutrients along with macro nutrients that play
vital part in the growth of plant (Kumar et al., 2015).

2. LITERATURE REVIEW
According to Abraham et al, (2020) World energy demand in current

circumstances is approximately 542 (QBTU) quadrillion BTU and
envisaged to rise around 50% up to 2050. Green energy tools are
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increasing rapidly and estimated the 85% of energy demand will be fulfil
by renewable sources in 2050.

Safar et al., (2019) states that Pakistan generating municipal solid waste
about 45.420 million tons annually with generation of household waste
house/day is between 1.9 to 4.29kg in large cities. 64% of organic and 36%
of inorganic MSW produced by Pakistan. Normally organic waste is
disposed in non-technical ways, it emit toxic and harmful gases to the
environment on daily basis. Waste handled by landfill (40%), recycling
(5.0%), composting (3.0%) and in both incineration and digestion is
(0.0%). Additionally, dumping along road and in open land also done in
small cities and village areas.

According to El-Din et al, (2018) banana peels are unmatchable in
characteristics as it contain many ingredients including complex Vitamin
B along with fibers. It provides exceptional health impacts as well as ample
pros for the environment. (Shah et al, 2011) elaborated that in Pakistan
the biggest problem is less awareness in our scholastic system about the
renewable and green technologies due to little bit high initial cost of
installation. Vogt and Nunes (2014) states waste handling is most
quandary task for worker while in collection of waste, transportation of
waste and especially in disposal of waste that may be landfill, composting,
anaerobic digestion or any other strategy of recycling of waste.

Gumisiriza et al,, (2019) described that second biggest producer of the
globe after India is Uganda as playing leading role in generation 9.77
million tonnes annually and in processing of banana is well. Banana wastes
contain 80% volatile solids and moisture contents. Pretreatments are
requisite to ameliorate the gas production.

Zheng et al, (2014) elucidated that combing of hemicellulose, lignin and
cellulose that form abundantly present lognocellulosic biomass exist in
feedstock. It’s good for biogas generation but due to physical and chemical
properties it resists to biodegradation. Sodium hydroxide pretreatment
increased biogas generation and in fact 80% lignin elimination led to 75%
more biogas generation as compare to untreated material used in process.
Laskri et al,, (2015) explained that degradation done in three phases, in
first phase hydrolysis of substrate and pH decrease, in second phase pH
increase and acetates form and in third phase methanogenic bacteria
produce biogas from the product of acetogenic phase.

Gandhi et al, (2019) explained that if pH exceeds from these limits of 6 to
8.5 than significant declination can be observed in the process of biogas
production. Variation in temperature during process and presence of long
chain fatty acids (LCFA) produce hazardous impact on biogas generation
process. According to Viswanath et al., (1992) 20 to 30 is most appropriate
C/N ratio for generating maximum biogas from fruit waste. pH also drops
during process and gradually rose. Pollution extenuates if the digester is
functioned at high loading rate while drop in pH, intensification of total
volatile fatty acids.

Palacios-Ponce et al, (2017) expressed that 30% to 40% total load of
world fruit consist of banana peels and consist of carbohydrates, proteins
and fiber which had low cost and highly productive also help to resolve
environmental issues.

3. METHODOLOGY

3.1 Apparatus

These apparatus were used such as, oven for the heating of pretreated
peels samples, water bath used for continuous heating, temperature and
pH meter, anaerobic reactor and pump placed inside the bath for hot water
supply in reactor, 3% NaoH solution for biogas collection and temperature
sensor placed at the top of reactor for temperature monitoring.

3.2 Experimental Design

Banana peels collected from five selected points of university of
agriculture Faisalabad such as, two fruit shop of market, one fruit shop of
eat and meat, one milk shake shop of computer science department and
one from milk shake canteen of DVM. All the collected sample passed
through these four pre-treatment with three replications of each
treatment. After collection peels were cut down into different lengths alike
1 to 2 centimeter and 2 to 3 centimeter and stored at 4 C before different
pretreatment applied. These following treatment was applied.

3.3 Treatment with Glycerol Treatment
Glycerol in pure or in waste form was mixed with banana peels for the

purpose of enormous biogas production by applying this pretreatment
technique.(Housagul et al., 2014).

Glycerol with 65% purity level of glycerol and already ripened peels of
banana which mixed together for 12 hours. After 12 hours sample was
take out from glycerol concentration and which further sent for the test of
lignin in Hi-Tech Lab, University of Agriculture, Faisalabad.

3.4 Treatment with Calcium Hydroxide

Calcium hydroxide mixed with banana peels to protract the degradability
of peels in anaerobic plant. Thermal pretreatment performed at specific
temperature range of 60 2C to 90 C for 4 hours and it intensify biogas
production up to 61%. Another thing was also found that banana peels
itself can be used as a pretreatment agent such as calcium hydroxide.
Declination in hemicellulose, cellulose and lignin increases the generation
of biogas (Patowary and Baruah, 2018).

Banana peels mixed with calcium hydroxide at 90 2C for 4 hours and then
dipped peel sample were taken out for lignin test.

3.5 Treatment with Sodium Hydroxide

Treatment done with the help of 4% NaOH mixing with banana peels for 3
days at 48 °C.(Pei et al, 2014).

4% NaOH solution prepared with specific concentration of water and
sodium hydroxide. Water bath used to monitored temperature of
prepared dipped sample at 48 °C for 72 hours. After termination of specific
time limit sample was out from water bath which further sent for lignin
test.

3.6 Treatment with Acetic Acid

Pretreatment of peels was done with mixing of 2% acetic acid for one hour
at 100 °C.(Saha et al., 2016).

Banana peels dipped into prepared solution of 2% of acetic acid which
prepared with 98 ml of H20 with 2 ml acetic acid. Peels dipped for 60
minutes at 100 2C in 2% of acetic acid solution.

3.7 Working Volume

Total capacity of reactor was 6 liter but installed at 4 liter to give proper
space at the top of reactor for biogas production. Anaerobic reactor
installed at 10% TS with retention time of 18 days.

3.8 Collection of Biogas

Biogas generated at the top of the reactor and as showed in above picture
then it transfers to 3% NaoH flask solution where it push solution to next
flask and it measured by glass cup in milliliters.

3.9 Other Gases

Last product was biogas with some other gases, but other gases was in
small amount such as, Nitrogen, carbon di oxide and Hydrogen Sulphide
etc. Produced methane was combustible, transferable and compressed gas
which can be further used for numerous purposes.

3.10 Statistical Analysis

In statistical analysis complete random design (CRD) applied on the
pretreatment of banana peels by several chemicals and find most effective
treatment. Average of two trails at 37 °C (mesophilic temperature) and
two trails at 55 2C (mesophilic temperature) were taken to show in two
graphs instead of four graphs.

4. RESULTS
4.1 Pretreatment Analysis

Statistical analysis performed on obtained values of four pre-treated
banana peels samples ADF (Acid detergent fibre), NDF (Neutral detergent
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fibre), Cellulose, Hemicellulose and Lignin were determined. The most
effective pre-treatment was found glycerol pre-treatment due to lowest
value of lignin compared calcium hydroxide, sodium hydroxide and acetic
acid. While low value of lignin help to decompose peels rapidly in digester.
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Figure 1: Graphical representation of Lignin

Lignin percentage were declined from 40, 38.5, 39 and 37 respectively to
5.4,6.13,7.56 and 8.67 in all treatment from T1, T2, T3 and T4.

4.2 Trails

Rigid structure not help in degradation process alike complex form of
cellulose, hemicellulose and lignin creates massive problems so, it turned
down into simple or in less complex form by adopting pretreatment for
easily degradation.

Total four trails performed with retention time period of 18 days in
anaerobic bioreactor. Two trails performed at 37 °C (mesophilic
temperature) and two trails performed at 55 °C (thermophilic
temperature) and their average of mesophilic and thermophilic has been
taken for better understanding.

4.3 Biogas Production at mesophilic Temperature

After four pretreatment of banana peels glycerol treated peels was
selected for final mixing with biogas slurry for anaerobic digestion due to
lower value of cellulose, hemicellulose and lignin values attained with
glycerol treatment and make perfect environment for biogas and more
degradation can easily performed as compare to other treatment which
have higher value for cellulose, hemicellulose and lignin.

Table 1: Time and cumulative biogas generation rate (Avg of
Mesophilic Trails)
Time (Days) Cumulative Biogas Yield (ml)

0 0

1 200
2 396
3 789
4 1044
5 1498
6 2180
7 2390
8 2478
9 2484
10 2568
11 2580
12 2599
13 2604
14 2616
15 2619
16 2630
17 2647
18 2680

Biogas production in first 24 hours was equal to zero then it producing
slowly toward more biogas production and after attaining a specific level
it became constant. First two trails was done on 37 2C at mesophilic
temperature conditions. On eighteenth day retention time period
production of accumulated biogas was 2680 ml observed.

Avg of Mesophilic Trails
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Figure 2: Time vs. cumulative Biogas yield rate

Graphical representation of mesophilic trail elucidated how biogas
production rises at different stages and cumulative biogas production
start approximately after 24 hours of the plant initiation. At sixth day
maximum cumulative biogas was achieved while on the other hand very
minute or low fluctuation was observed after tenth day in the production
of biogas.

4.4 Biogas Production at thermophilic Temperature

Glycerol treated sample was mixed with biogas slurry at 55 °C on
thermophilic condition. Biogas production in first 24 hours was equal to
zero then production of biogas was gradually increases and after attaining
a specific level it became constant. On eighteenth day retention time
period production of accumulated biogas was 3045ml observed.

Table 2: Time and cumulative biogas generation rate (Avg of
Thermophilic Trails)

Time (Days) Cumulative Biogas Yield (ml)
0 0
1 260
2 405
3 812
4 1233
5 1522
6 1631
7 2449
8 2490
9 2545
10 2683
11 2842
12 2913
13 2921
14 2934
15 2949
16 2945
17 2992
18 3045

Graphical representation of thermophilic trails shows how biogas
production rises at different stages and cumulative biogas production
start approximately after 24 hours of the plant initiation. At seventh day
maximum cumulative biogas was achieved while on the other hand very
minute or low fluctuation was observed twelve day hours in the
production of biogas.
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Figure 3: Time vs. cumulative Biogas yield rate
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Treated sample was already favorable for degradation process due to best
treatment sample was picked and other indispensable factor of high
temperature of 55 2C was provided by water bath to the tank that provide
best combination for microbes to degrade feedstock in anaerobic tank and
a lot of variation in graph was observed due to variation in temperature
and more biogas produced with high temperature in the inner side of
anaerobic digester during degradation process.

5.CONCLUSION

Renewable sources and strategies are most like and adopted by whole
world due to benefits, cost effectiveness and sustainability as compared to
fossil fuels. Initially four pretreatment were performed to increase
efficiency of feedstock and also increased the production of biogas. In first
treatment 65% purity level of glycerol was used, in second treatment
calcium hydroxide used, in third treatment temperature 4% NaOH used
and in fourth treatment 2% of acetic acid solution was used and mixed
with banana peels. After all these treatment test was performed and
glycerol treatment find out the best one which further mixed with biogas
slurry that already stored at 4 2C for anaerobic digestion.

Selected glycerol treated sample was mixed with biogas slurry having a
retention time of eighteen days. First two trail was examined at mesophilic
range and other two trail was performed at thermophilic range. Research
elucidated that biogas production was 13.61% higher on thermophilic
temperature as compared to mesophilic temperature. More temperature
in inner tank help for speedily degradation of available feedstock and
more biogas production attained. High temperature kill some microbes
but moderate or mesophilic temperature produced less biogas. Produced
biogas was calculated by water displacement method with 3 % NaOH
solution.

Main objective of this study was to assess the biogas production potential
from banana peels and pre-treatment impact on lignocellulosic properties
of banana. This anaerobic technique assist to sort out the problem of city
waste because city waste is different from village or town waste and in city
a lot of fruit waste is generated and especially banana peels waste are
produced in large amount. By using this strategy we can overcome the city
waste by installing anaerobic plant which provide us biogas by taking
waste.
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