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PRODUCTION OF BIOGAS FROM DRIED BANANA PEELINGS
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The dried banana peelings provided sufficient amount of biogas to make the process economically
feasible. The composition of the biogas included approximately 70% methane. It was also found that
banana peelings mixed with cowdung increased the yield of biogas.
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INTRODUCTION
Pakistan being an energy defecient country needs to

exploit all its possible resources for energy generation. In
this context renewable sources of energy can play an im-
portant role. Pakistan has an abundance of agricultural
wastes which can be used as an important energy source by
conversion into biogas. These agriculture wastes are con-
verted into biogas by microbial action in sufficient yields to
make the process economically viable. Several reports have
been published, utilizing animal manure as a substrate for
biogas production [1.-7].'The cow dung and bird dropping,
have been traditionally used for the generation of the bi-
ogas on a large scale in various countries like India, China
and Pakistan. It is of interest to note that several thousand
biogas plants have been installed in these Asian countries.
It is reported that approximately half of the 4000 plants
started in Pakistan several years ago are still in operation.
The use of agricultural wastes for generation of biogas is
however still in experimental stage. Conversion of bagasse,
rice and wheat straws to biogas has been reported by R.
Katib et. al. [8]. A mixture of rice straw and cow dung has
also been reported to result in the improvement of biogas
production [9]. The use of these agricultural wastes for en-
ergy generation will have the additional advantage of re-
ducing the environmental pollution and garbage disposal
problems of the country. To our knowledge there has been
no report on the use of fruit wastes such as banana peelings
for the generation of the biogas. Since banana is produced
in Pakistan on a large scale, it is desirable to examine the
possibility of use of banana peeling for production of bi-
ogas. In this paper the results of experiments for the gen-
eration of biogas from dried banana peelings are reported.

MATERIALS AND METHODS
Fresh banana peelings were collected and dried under

sun for 15 days. They were crushed into powder of 60
mesh. A slurry of 240 g banana peeling powder irr 3 litre of
water was prepared. The slurry which was prepared in a 5.0
litre beaker was mixed thoroughly and left open in air for
48 hours to allow the slurry to undergo aerobic fermenta-
tion. The pH of the slurry was adjusted to 7.0 by addition of

sodium carbonate. In some experiments ammonium phos-
phate were added to the banana peelings powder while in
others cow dung were added. The exact composition of the
substrate is shown in Table 2.

After 48 hours the slurry was transferred into 3 bottles
of one litre capacity each, which were ill connected to a
five litre gas collection bottles. The gas was collected by
the downward displacement of water (Fig. 1).

The slurry bottles were shaken daily two times and the
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Fig. 1. Laboratory set up of a biogass digester.

amount of gas collected each day was recorded. The maxi-
mum and minimum temperature of each day during each
experiment was also recorded, The average temperature
calculated for each experiment is also' shown in Table 2.

The analysis of the biogas was performed by gas ana-
lyzer using orsat technique [10]. The percentage of meth-
ane gas was obtained by difference and confirmed by fla-
mability test [11]. It may be mentioned here that no inocu-
lum was needed for any of the experiments to generate bi-
ogas from banana peelings. This is in contrast to generation
of biogas from crop residues where generally an inoculum
is needed to start the biodegradation process.

The FT -IR spectra were recorded on Perkin Elmer
Model 1800 Spectrometer in a KEr disc. The proximate
and elemental analysis were determined by a LECO MAC
and CHN-600, instruments respectively.

RESULTS AND DISCUSSION
The results of proximate and elemental analysis of

dried banana peelings powder are given in Table 1. The
proximate analysis of dried banana peelings powder
showed a higher percentage (63%) of volatile matter and
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Table 1. The proximate and elemental analysis of banana
peelings powder %.

(a) Proximate analysis of
banana peelings powder %

Moisture

Ash

Volatile matter

Fixed carbon

8.70
13.7

63.0

23.3

(b) Element analysis %
Carbon
Hydrogen

Nitrogen

Sulphur

C/N

38.92
5.45

2.39

0.6

16.6
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23.3% fixed carbon while the percentage of the ash was
found to be 13.7%. The rather large percentage of ash
shows that the inorganic mineral matter in banana peelings
is quite high. The elemental analysis showed 39% of car-
bon, 5.4% hydrogen and 2.3% of nitrogen. This gives
a C/N ratio 16.6% which is quite suitable for production of
bio-gas by bacterial action. The fourier transform infrared
spectrum of the powder is shown in Fig. 2. The characteris-
tic peaks in the Ff-IR spectrum appear at 3360, 2960,
2920, 1730, 1650 and 1050 crrr'. The peaks at 3360 and
1050 em" are rather very broad and may be assigned to OH
and CoOstretching frequencies of alcohol respectively. The
peaks at 2920 em" and small shoulder at 2920 em:' may be
due to CH2 and OH stretching vibrations. The small shoul-
der peak at 1730 ern? is due to carbonyl groups. The strong
peak at 1650 ern:' is also due to oxygen containing func-
tional groups. It is of interest to note that all these peaks
are also present in an Ff-IR spectrum of pure starch (Fig.
4). So it can be inferred that banana peelings contain

Table 2. The composition of substrate and the amount and composition of biogas obtained from banana peelings powder.

Experi- Compsition Amount of Mean Gas yield Composition of biogas
ment of substrate biogas Temp. ml/g %
No. generated (ml) (0C)

1. 240g Banana peelings 3090 25.0 12.9 CO2 28.80

°2 2.60
Unsaturated hydro-carbon 0.60
CO 1.00
CH4 67.00

2. 240g Banana peelings, 3230 25.3 13.4 CO2 30.0
2g ammonium phosphate °2 2.6

Unsaturated hydro-carbon Nil
CO Nil
CH4 68

3. 225g Banana peelings, 3740 32.4 15.6 CO2 25.0..
15g cowdung °2 5.0

Unsaturated hydro-carbon Nil
CO2 Nil
CH4 70

4. 240g Banana peelings, 3910 30.8 16.3 CO2 25.0
30g cowdung °2 0.4

Unsaturated hydro-carbon Nil
CO 1.0

CH4 73.6
5. 240g Cowdung 4100 30.1 17.1% CO2 22.9

°2 Nil
Unsaturated hydro-carbon 0.1
CO Nil
CH4 77
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mainly carbohydrates such as starchy materials. The
amount and composition of substrate used alongwith the
amount and composition of biogas produced in each experi-
ment is given in Table 2.

The production of gas was complete in 20 days. In sec-
ond experiment, 2 grams of ammonium phosphate was
added to the substrate to increase the percentage of nitro-
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Fig. 2. Ff-IR of banana peeling powder.

Figure 3 shows the volume of biogas generated VS the
number of days for each of the 5 experiments.

In experiment No.1, 240 g of banana peelings powder
provided 3090 litres of biogas (12.9 ml/g), The percentage
of methane was 67%.
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gen. The total yield of biogas was 3.23 litres (13.4 ml/g).
The percentage of methane in this gas was 66%. Thus no
significant increase in the amount of biogas formed or in
the percentage of methane gas was obtained. This is how-
ever expected since CfN ratio of banana peelings powder is
16.6 and it is known that addition of nitrogen is needed
only when CfN ratio is higher than 40. A lower CfN ratio in
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Fig. 3. Tfie Volume of biogas generated form banana peelings vls
the number of days for each of the 5 experiments.

banana peelings indicates that there is enough nitrogen
present in the substrate for its degradation. However addi-
tion of cowdung significantly increase the yield of biogas
and also resulted in an increase in the percentage of meth-
ane gas. Thus in experiments number 3 and 4 whete 15 and
30 g of cowdung were added to 225 and 210g of banana
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Fig. 4. FT-IR spectrum of pure starch.

peelings respectively the amount of biogas formed was
3.74 litres respectively. The percentage of methane gas in
these experiments was 70 and 73% respectively. In the last
experiment 240g of cowdung provided 4.1 litres of biogas
(17.1 ml/g) with the percentage of methane being 77%.
From the above experiment it could be concluded that a
mixture of banana peelings and cowdung could provide
better yields of biogas in comparison to banana peelings
alone.
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