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Enhanced Biogas Production From Fresh
Elephant Grasses, Using Liquid Extract From
Plantain Pseudo Stem
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Abstract: The purpose of the exploratory research is to ascertain the possibility of improving the quality and guantity of biogas yield from anaerobic
digestion of elephant grass (pennisetum purpureum), which has been considered a potential alternative to cow dung, using Liquid extract from plantain
(Musa paradisiacal normalis) pseudo stem. The concept of comparative advantage and productive effect of synergy was adopted in trying to obtain
biogas production of better yield and quality from the two feedstocks. Liquid extract from plantain pseudo stem; which previously was considered as
waste, but recently have been found to have low biogas yield with high methane content; was considered useful as the mixing fluid instead of water. Six
digesters were developed using 500ml conical flasks for the experiment with 3 duplicates runs. The first set contained elephant grass and water, the
second contained elephant grass and liquid extract from plantain pseudo stem, while the third is loaded with liquid extract from plantain pseudo stem
only. The pH of the substrates was improved through partial decomposition prior to digestion. The digesters were then monitored for 36 days, measuring
the biogas yield and the ambient temperature. All the trials produced biogas after 3 to 4 days of inoculation as observed and confirmed using flame test.
The digesters containing combination of elephant grass and liquid extract from plantain pseudo stem gave the highest yield, as well as the best quality —
in terms of methane content. The results from the experiment shows a 45.95% and 33.95% improvement in biogas yield and methane content
respectively when the liquid extract from plantain pseudo stem was used to mix the elephant grass instead of water. Although, biogas generation from
elephant grass has been widely reported in literature, but at relatively low methane content (43.4 to 64.3%). Hence, it requires more post-production
upgrading effort to bring the methane content to the value admissible into internal combustion engine. The findings of this research provides efficient
means of improving the methane content of the produced gas to 72.97 + 3.8 %, using liquid extract from plantain pseudo stem. The research thus found
productive use for the liquid extract from plantain pseudo stem, as well as possibility of having better yield from anaerobic digestion of elephant grass.

This research is purely original.

Index Terms: Biomass Biodegradation, Elephant grass, Methane Content, Plantain pseudo stem, waste-to-wealth philosophy,

1 INTRODUCTION

Although cow dung and cow manure have been widely used
for biogas generation, their efficient utilization has been in
farmstead and areas with abundant generation and supply
(e.g. India, where the growth rate in the number of cow is far
greater than the death or depletion rate.). This is not the case
with Nigeria, where the consumption of cow for meat is
steadily increasing. Also, with the nomadic method of rearing
the animal in Nigeria, the production and availability of cow
dung as feedstock for biogas production is highly limited.
Whereas grass has been considered viable alternative to cow
dung due to its availability in relatively large quantity all year
round, the biogas production rate from grass (in terms of ml of
biogas per gram of grass) and the quality of the produced gas
(in terms of methane content) has been an issue of serious
concern, when compared to cow dung. Interestingly, liquid
extract from plantain pseudo stem has been found to produce
very high quality of biogas in terms of methane content, but at
low yield rate [19].
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The tripartite nature of the biomass sustainability problem
demands for systematic investigation on ways of improving;
the availability of biomass, the biomass’ biogas yield rate, and
the quality of biogas produced from the biomass. These
constitute the main decision variables in the objective function
of grass to electricity sustainability model investigated by one
of the authors. Research on biogas design and development
has been extensively showcased in literature of Energy
sources [3; 7; 11; 14; 16; 21; 22; 23; 25; 28; 36; 38].
Conversely, quite a number of research in this area focused on
production of biogas using: Banana peel [10], water hyacinth
plant [4; 26; 33]; hybrid waste [2; 6; 18; 33]; water leaf plant
[24]; other plant biomass [5; 37] and food waste [39]. Although
there exist plethora of research work carried out and reported
in literature in the area of enhancing biogas production using
co-digestion of biomass of plant origin and that of animal
origin. The interesting aspect of this research work is the use
of readily available waste resource of same origin — plant, to
enhance biogas production from grass. Biogas has been
reported to have been produced from different types of grass:
Buffalo grass [8]; water hyacinth [29]; Guinea grass [35];
Sudan grass [17] and Elephant grass [20; 32; 35]. According
to the reports from the reviewed literature, anaerobic digestion
of grasses especially elephant (Napier) grasses produces
biogas with methane content of 43.4 to 64.3%. For instance,
[32] reported 53% for elephant (Napier) grass; [35] reported
that Elephant grass (6% total solid) gave 52.8%; while [20]
reported 64.3%. In order to widen the application and improve
combustion efficiency of biogas produced from anaerobic
digestion of grass, enhancement of its methane content is
necessary. This could be done through the pre-digestion, post-
digestion or both approaches. While the post-digestion
approach involves purification of biogas produced, the pre-
digestion method involves the use of various means to
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enhance the quality of biogas to be produced. The pre-
digestion method seems more efficient and increases the
extent to which the biogas can be be further purified. The use
of pre-digestion method in improving the quality of biogas
produced from grass has been sought via different means:
increasing the inoculum-to-substrate ratio up to 1 [1], crushing
of the grass and increase in the dilution ratio [13], use of cow
rumen fluid as the mixing fluid or as additive [15; 27] and co-
digestion. The efficiency of the co-digestion technique is
dependent on biogas or bio-methane yield potential of the
added feedstock [30], the mixing ratio [9; 31], and the
compatibility of the constituents [12; 34].

The success report of [15] on improvement of biogas yield
from cow dung by replacing water with cow rumen fluid as the
mixing fluid served as clue in this research work. Also
considering the teeming availability of plantain trees, the high
moisture content (94.79+1.5) in the pseudo stem as well as
the high methane content (75.2%) of biogas produced from
the liquid extract as reported in [19]; the liquid extract from
plantain pseudo stem was considered a potential additive or
co-substrate for enhancing biogas quality from the selected
base biomass — elephant grass. From the reviewed literature,
no such attempt have been made to enhance quality of biogas
produced from elephant grass, either as an additive or in form
of co-digestion. This research work thus seeks to enhance the
conversion of grass to gas, using this readily available but
initially considered waste of waste, as the mixing fluid instead
of water.

s

Figure 1. Prepration of Feedstock from Elephant Grass

2 MATERIALS AND METHOD

2.1 Sample Collection and Preparation

The plantain pseudo stems were obtained from a nearby mini
plantation after harvest at Nibo, in Awka — South local
government area of Anambra state in Nigeria. The grass, on
the other hand, was harvested from the same neighborhood.
The elephant grass was chopped into small strands and then
pulverized to produce the feedstock, while the plantain pseudo
stem was cut into smaller lumps, pounded and pressed to
extract the fluid as shown in Figure 1 and 2 respectively.
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Figure 2. Preparation of Liquid Extra from Plantain Pseudo
Stem

2.2. Physio-chemical Parameters

The following physio-chemical properties were evaluated for
the two feedstock sources using the conventional methods
and equipment: Nitrogen .Ash content, Moisture Content, Total
solid, and Volatile Solid. The obtained values are presented in
Table 1

Table 1: Physiochemical Parameters of the Feedstock
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* The pH is that of Liquid extract from plantain pseudo stem

Nitrogen Content

The AOAC 1984 method was employed using 0.5gram of the
sample. The percentage of Nitrogen content in the sample was
computed using equation 1:

Nitrogen content (%) = (titre value x 0.01 x 14 x 4) x 100
Ash Content

Vecster furnaces was used at 5000C. The sample was
measured out in a crucible of known weight and heated in the
furnace until constant weight after ashing. The ash content
was computed based on wet matter;

ash content (%) = :2:m1 % 100 2

m; = mass of the crucible (gram)

m, = mass of the substrate and crucible before heating (gram);
m; = mass of the substrate and crucible after heating (gram).
Moisture Content

Samples of the biomass were measured out, placed in a Petri
dish and dried in a hot air oven to constant weight at 1050C.
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The moisture content of the biomass was computed by
equation (3)
moisture content (%) = x 100 3)

m, = mass of the empty Petr| dISh (gram)

m; = mass of the fresh sample and the dish before drying
(gram);

m, = mass of the dry sample and the dish after drying (gram).
Total Volatile Solid

This is computed based on wet matter:

Total volatile solid (%) = ((——— m2- mB) x 100)) —mc (4)

m,; = mass of the crucible (gram)

m, = mass of the substrate and crucible before heating (gram);
m; = mass of the substrate and crucible after heating (gram).
mc = moisture content of the substrate in percentage of wet
matter weight

ml-m2

Total Carbon Content

The wet sample of the feedstock was measured out (2grams)
and heated over a Bunsen burner in a foil of known weight
until it was charred. The post charring weight of the sample
was measured as the total carbon. Thus the total carbon
content (%) is given as;

Total Carbon Content (%) = 222 ml)

(m2—

x100) (5)

m; = mass of the foil (gram)

m, = pre heating mass of the substrate and foil (gram);

ms= post heating (charring) mass of the substrate and foll
(gram).

From table 1, it can be deduced that 93.7% of the total solids
are volatile. Also, grass in its fresh form have low carbon-
nitrogen ratio and will affect digestion efficiency, thus the need
to decompose the grass, reducing the nitrogen content as well
as improving the pH which was found to be too acidic for
methanogenesis.

2.3 Digester Experimental Procedure

An eight(8) experimental runs was designed as shown in the
Table 2, to show the interaction between the factors studied.
Although based on the design, eight(8) experimental runs was
needed, but two experimental runs were stepped down (l.e.
W1 and W2 — distilled water), on the bases that distilled water
can not produce biogas, since there is no carbon component
in it. Therefore, Six (6) experimental runs were developed —
elephant grass mixed with water (GW1 and GW2), elephant
grass mixed with liquid extract from plantain pseudo stem
(GP1 and GP2), and liquid extract from plantain pseudo stem
(PE1 and PE2).

Table 2: Design of the Experiment
Elephant | E'€Phant | ~onrroL
Grass Grass (stand alone)
(duplicate)
Liquid Extract From
Plantain Pseudo GP1 GP2 PEl1 | PE2
Stem
Distilled Water Gw1 GW2 w1l | w2

NB: XY2 is the duplicate of XY1
The digesters were made of 500 ml of conical flask, wrapped
in black tape to minimize light penetration. Ease of collection
of produced gas was incorporated as shown in Figure 3. The
prepared feedstock was allowed for partial quasi aerobic
decomposition for about 12 days, in order to improve the pH
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(especially for grass) to pH of about 8 before introduction into
the respective digesters.

Figure 3: Biogas production and measurement set up

The content of each digester was inoculated with about 5ml of
liquid obtained from digesters already undergoing biogas
production, and thereafter monitored for 36 days. The ambient
temperature was checked daily, while the gas produced was
measured every two days after an initial confirmatory flame
test that ascertained biogas production..

2.4 Biogas Parameters Measured

The daily biogas production volume was measured using
water displacement method, and the quality of the gas
produced analyzed using gas chromatography at Springboard
Lab. The ambient temperature was measured daily using
general purpose liquid-in - glass thermometer (0 to 1000C).

3 RESULT AND ANALYSIS

The result presented includes the biogas yield, quality of
biogas produced and the ambient temperature recorded. The
graphical representation of the biogas production throughout
the retention period, aside the two to three days pre-
production period, is presented in Figure 4.

30 Daily Biogas Production from the Digesters
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Figure 4: Biogas Production from the Digesters
The GP1 and GP2 gave the highest cumulative biogas yield of
130ml and 140 ml respectively for the considered retention
time. The biogas yield from PE1l and PE2 were the least,
although the quality of the biogas produced from PE1 and PE2
were better than those from GW1 and GW2. Figures 5 and 6
presents the result of the interractions on quantity and quality
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of the biogas produced.
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Figure 5: Comparative Plot of Cumulative Biogas Production
from the Digesters
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Figure 6: Methane Content of Samples of Biogas Produced
from the Digesters

The gas chromatography analysis revealed that the biogas
produced from the combination of elephant grass and the
liquid extract from plantain pseudo stem consistently gave the
highest methane content ( average of about 73%), see Figure
6.

4 CONCLUSION
Based on the results obtained from the experiment, it is
evident that the yield and quality of biogas produced through
anaerobic digestion of elephant grass can be improved
through the use of liquid extract from pseudo plantain stem
instead of water, as the mixing fluid. The biogas yield and
quality were improved by 45.95% and 33.95% respectively.
Thus, productive use for the liquid extract, which is readily
available after harvest, as well as efficient method of
enhancing biogas production from elephant grass, was found.
Considering the fact that the liquid extract was initially
considered as waste even in the use of the pseudo stem for
development of composite material, its current productive use
in enhancing biogas production becomes a typical case of
waste to wealth conversion.
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