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ABSTRACT. The study investigates the
potential of coconut husks in purifying
biogas, a common issue in the use of biogas
due to the high costs and environmental
impact of expensive purification
technologies. The study used an
experimental setup generating biogas from
kitchen waste and analysed its composition
using an industry-standard biogas analyser.
Coconut husks could remove hydrogen
sulphide (H,S), with a high percentage
removal efficiency of 54% at a column
length of 0.5 m from the inlet. Based on the
results, 2 kg of coconut husk could purify
837 L of biogas, with a removal efficiency of
approximately 62%, before exhaustion. This
suggests that coconut husks can be used in
biogas purification to remove H,S, which is
the most challenging component as it can
corrode metal parts when used at high
concentrations above 750 ppm. Further
research is needed on large-scale purification
using coconut husks at high pressure to allow
more gas adsorption by the purification media.

Keywords: adsorption capacity; biogas
composition; biogas purification; coir pith;
coir fibre.

INTRODUCTION

It is estimated that each year, 61.7
million tonnes of coconut are produced
in 92 countries on approximately 1.8
million hectares of land (Swarnam,
2016). Tanzania is the largest producer
of coconut in Africa, whereas globally,
the two largest producers are Indonesia
and the Philippines (Punchihewa, 1999).

In Tanzania, approximately 95% of
the coconuts are produced on a small
scale, and only 5% are produced on
medium- and  large-scale  farms
(Pushpakumara et al, 2013). The
coconut husk waste generated in
Tanzania amounts to 145,124.7 tonnes
per year (Aslam et al., 2021).
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The main components of coconut
husk are fibre (30%) and pith (70%),
with a high lignin and phenolic
compound content (Panyakaew and
Fotios, 2011). The useful products from
coconut husk are coir fibre and coir pith
(coir dust) (Prabhu and Thomas, 2002).
During the extraction of coir fibres from
coconut husk, coir pith is generated as a
biomass residue (Radhakrishnan, 2012).
Lignin, cellulose and hemicellulose are
the main biochemical components of
husk (Pandiselvam et al., 2021). Coir
dust is rich in lignins and tannins (Etim,
2016; Israel et al, 2011), highly
hydrophilic and chemically reactive in
such a way that its internal structure is a
thin hollow that allows for the pith to
absorb 10 times its weight in water
(Greer, 2008). The organic and mineral
elements in the coir include pectin and
hemicellulose, lignin and cellulose,
potassium, calcium, magnesium,
nitrogen and protein (Tooy et al., 2022).
As reported by James and Yadav (2021),
structural stability, high absorptivity and
porous structure (bio-adsorbents) are the
properties that make coconut husks
(coir) beneficial for the treatment of
wastewater.

Dried coconut husks applied as a
source of fuel (Pushpakumara et al.,
2013), to remove odour from septic tank
chambers and manholes and for
gardening to prevent soil moisture loss
(Greer, 2008; Pandiselvam et al., 2021).
They are also used in the production of
floor mats, mattresses, door mats, ropes,
brushes, fishing nets and as fuel in
different forms (Pandiselvam et al.,
2021). The fibres are made into a variety
of products, including geotechnical
netting for erosion prevention (Greer,
2009). In Thailand, coconut husks are
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used to cultivate seedlings and plants as
fertiliser or coir fibre, leaving a large
amount of coconut coir (0.41 million
tonnes/year) that is not adequately used
(Rawangkul et al., 2010).

Although it has many advantages
and is available in large quantities, coir
cannot be fully used for production and
storage due to the release of phenolic
compounds, causing serious Wwaste
problems, wildfires and groundwater
contamination (Obeng, 2020; Prabhu
and Thomas, 2002). Coconut husks are
often thrown into embankments and left
out in the open as waste, where they take
8 to 10 years to decompose (Corradini et
al., 2009). Using coir pith as fuel results
in the release of large amounts of carbon
dioxide and smoke (Ravindranath and
Radhakrishnan, 2016), and coir pith is
slowly decomposed because the ratio of
pentosan to lignin is less than 0.5
(Thamban, 2000). It is recalcitrant and
accumulates in the surroundings, causing
environmental pollution and becoming a
breeding ground for mosquitoes and
other insects (Corradini et al., 2009).
Since coconut husk is light, it is easily
blown away by wind, causing air
pollution (Reghuvaran, 2013). The
leaching of coir pith is harmful to
aquatic and soil microorganisms
(Paramanandham and Ross, 2015).

In this context, it is crucial to
develop a method to adequately dispose
of this material and simultaneously
increase its value, promote the use of
natural products and ensure good
environmental management. Isa et al.
(2015) stated that considering the use of
agricultural waste (such as coconut fibre
or pith) as carbon sequestration agents
can open up new avenues to use large
amounts of carbon in different industries
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as they are generally rich in cellulose
and lignin, making them good
adsorbents. According to Dan (1993), in
some parts of India, coir pith is used to
produce bricks and particle boards.
Mixing cow dung and coir pith at a 4:1
ratio increases biogas production (Pillai
etal., 1981).

The reuse of coir is important to

control pollution caused by the
accumulation  of  coconut  husks
(Namasivayam and Sangeetha, 2008).
According to  previous  studies,

carbonised coconut husk extract can
purify dyeing wastewater and remove
arsenic, copper, chromium, mercury,
nickel, organic substances and pesticides
from aqueous solutions (Namasivayam
and Kadirvelu, 1994). According to
Santawee et al. (2019), lignin and
holocellulose extracted from coir pith
play an important role in trimethylamine
adsorption.

Biogas is an important renewable
energy source that can play a major role
in meeting the world's energy needs
(Ahmad et al., 2021). It is a mixed fuel
that contains energy-useless,
environmentally harmful and property-
damaging acids (e.g., H,S and CO,) and
uses electricity instead (Peluso et al,
2019). However, due to the presence of
impurities (CO,, H,S), biogas needs to
be modified to increase its economic
viability and sustainability (Ahmad et
al., 2021). The removal of H,S can be
achieved using various technological
methods  (biotechnology,  vacuum,
adsorption technology and membrane

technology) (Zulkefli et al., 2017).
According to Sivapragasam (2008),
although several studies have been

conducted on the use of agricultural
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products, coconut seems to be the most
popular one, including coconut husks,
because cellulose and lignin, which
contain hydroxyl groups, constitute 60%
of the husks (Neto et al., 2013; Wang et
al., 2013). According to Hasfalina et al.
(2015), untreated coconut husk is an
excellent adsorbent for methylene blue
(MB), providing an efficient method to
adsorb dyes in wastewater instead of
using expensive adsorbents such as
activated carbon. Chowdhury and
Fatema (2016) confirmed the adsorption
capacity of coconut husk extract-based
biosorbents for dyes and heavy metals.

This study investigated the
feasibility of using virgin coconut husk
(fibres and pith) as adsorbent material to
remove H,S from biogas. Since most of
the studies conducted on the adoption of
gaseous pollutants used activated
materials such as activated carbon, there
is aneed to use unprocessed coconut husk
(coir) for purifying biogas by removing
H,S through an adsorption mechanism
since it is rich in cellulose and lignin
(potential pollutant adsorbents). This
material is the least expensive and most
environmentally friendly medium that
can upgrade biogas quality.

MATERIALS AND METHODS

Preparation of the purification
medium

Coconut husks were collected from
Mlalakuwa Street, a neighbourhood of
Ardhi University in Dar es Salaam, and
sun-dried for 4 days. Subsequently, the
hard outer layer (exocarp) of the coconut
was removed. The remaining coir fibres
and pith were shredded into smaller
pieces to increase their surface area
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(Figure 1, C), sieved (12.50-mm mesh;
Figure 1, C and D) and packed into the
column (Figure 1, E).

Experimental setup

The biogas to be purified was
generated from kitchen waste in a 1-m’
floating drum biogas reactor. A biogas
purification column with a length of 3 m
and a diameter of 90 mm was used.
Briefly, 2 kg of sieved coconut husks
were packed into the purification column
and compacted to increase the surface
area in the purification system. Prior to
purification, raw biogas was allowed to
pass from the gas holder through a 6.35-
mm hose pipe directly to the biogas
analyser (GR 5500) to check its
composition in terms of CH,, CO, and
H,S. During purification, raw biogas
from the gas holder, with an average
composition of 61.2% CH,, 38.5% CO,
and 1,359.3 ppm H,S, was allowed to
pass through the purification column (a
column packed with 2 kg of shredded

A = Dried coconut husks; B = shredder; C = sieve; D = sieved coconut husks; E = purification column

coconut husks) at a flow rate of 12 L/min.
The purification column had six
sampling points; each point was
connected to the gas analyser to record
the biogas composition (CH,, CO, and
H,S) after purification (Figure 2).
During purification in the column, the
sampling points were monitored by
opening and closing using taps (see
Figure 2).

Determination of adsorption
capacity, exhaustion rate and
removal efficiency

Adsorption capacity (mg/gm)
The adsorption capacity of coconut
husks was calculated using Equation I:

(M

Co — G

H,S adsorbed = v

XV

where: Cy = initial concentration in ppm;
C, = concentration at equilibrium; m =
mass of the adsorbent; V = volume of
gas containing H,S.

Figure 1 — Preparation of the coconut material used for biogas purification
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Figure 2 — Experimental setup for biogas production and purification

The weight of H,S was deducted by
using the concentration of H,S in ppm

and the volume of H,S during
purification, applying the following
equation:  Weight of H,S =

Concentration of H,S X Volume of
biogas passed during purification.

Exhaustion rate

The exhaustion rate of coconut
husks was calculated as a function of the
volume of the biogas passed through the
purification column and the H,S
concentration in the raw Dbiogas,
considering the mass of coconut husks
packed in the column, as shown in
Equation 2. The exhaustion rate could
also be calculated based on the mass
(amount of H,S) adsorbed over the 2 kg
of coconut husks and the time it takes to
pass through the adsorption column
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(Equation 3). Equation 2 and Equation 3
were used to determine the exhaustion
rate (ppm L/kg.min) or (g/kg.min):
ER = (Cy — Cp)V,
(Co ) g /W.t ()
where: C; = concentration of H,S at time
t (ppm); Co = initial H,S concentration in
raw biogas (ppm); g cumulative
volume of the purified biogas (L); W =
mass of dry adsorbent (coconut husks)
(kg); t = time needed for the gas to be
adsorbed (min).

QO_Qt

Qo
Wxt

where: Q, = initial weight of H,S before
adsorption (g); Q; = final weight of H,S
after adsorption at time t (g); W =
weight of adsorbed coconut husks (kg); t

ER = 3)
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= time needed for the biogas to pass
through the column (min).

Removal efficiency

The hydrogen sulphide (H,S)
removal efficiency using coconut husks
was calculated using Equation 4:

RE = (C, — ct)/c0 + 100

“)
where Cy and C; (ppm) = initial and
equilibrium concentrations at any time.

Statistical analysis

Statistical analyses were performed
to compare column performance for H,S
removal at the six sampling points.
Analysis of variance (ANOVA) was
applied to determine the differences in
percentage removal of H,S from each
sampling point in the column, using
Microsoft Excel and Instant.

RESULTS AND DISCUSSION

Hydrogen sulphide
removal from biogas

The average initial H,S
concentration of raw biogas was higher,
1,359 ppm, than that of the biogas that
had passed though the column (452 ppm).
The concentration of H,S tended to
decrease along the column, with a higher
H,S removal efficiency at the first
sampling point of the column 0.5 m
from the inlet, most likely because of the
high compaction of the coconut husks at
this sampling point. Along the column,
H,S removal varied, which can be
explained by the short circuit of the
biogas because there was no uniform
compaction in the biogas purification
units. Hydrogen sulphide was effectively
removed from days 1 to 15, and on day
16, the removal of H,S was low at all
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sampling points. From days 17 to 19, no
H,S was removed (see Figure 3).

Removal efficiency
at the different purification units

The H,S removal efficiency
differed among the different sampling
points. At the beginning of the
experiment, the coconut husks had a
high ability to purify the biogas, and this
ability tended to decrease as the volume
of biogas passed through the column
increased. Figure 4 shows the removal
efficiency at different experimental runs
corresponding to the cumulative volume
of the biogas that passed through the
purification column. Based on the
results, 2 kg of coconut husk could
purify approximately 837 L of biogas
with an average H,S concentration of
452 ppm at a removal efficiency of
about 62% (Figure 4). This indicates
that the more biogas passed through the
purification system, the lower the
purification efficiency. Most likely, with
a higher biogas volume, the adsorption
surface area was reduced, which
decreased the H,S removal efficiency. In
our study, the H,S removal efficiency
was lower than that reported by Zhao et
al. (2010) when H,S was removed from
biogas by adsorption using impregnated
activated carbon. The lower performance
in this study was due to the low pressure
applied during the experiment as more
gas is adsorbed at higher pressure; with
decreasing pressure, the gas is released
or desorbed (Zhao et al, 2010). By
comparing the amount of biogas purified
at each sampling point, at 0.5 m from the
inlet, more than 54% of the H,S was
removed compared to other sampling
points, before exhaustion and 34% after
exhaustion (see Figure 5).
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Figure 3 — Hydrogen sulphide removal along the purification column
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Figure 4 — Hydrogen sulphide removal efficiency as a factor of biogas volume
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Figure 5 — Hydrogen sulphide removal efficiency along the purification column

Removal efficiency based on the
sampling point (distance from the
inlet)

A high removal efficiency was
achieved at 0.5 m from the inlet, with
removal efficiencies of 54% and 35%
before and after exhaustion,
respectively, whereas at the other
sampling points (1, 1.5, 2 and 3 m), the
removal efficiency was less than 5%.
Based on the ANOVA results, the
removal efficiency at 0.5 m was highly
significant (P 0.0001), and the
variation among the sampling point
means was significant. Malina (1992)
reported that the concentration of H,S
required before the use of biogas should
be less than 750 ppm. In the present
study, 2 kg of coconut husks could
purify 837 L of biogas with an average
H,S concentration of 452 ppm. This
indicates that coconut husks have a high
potential for purifying biogas, meeting
the requirements regarding the H,S
concentration of biogas.

Adsorption capacity of coconut husks
Figure 6 shows the H,S adsorption
profiles of coconut husks. Based on the
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results, 2 kg of coconut husks adsorbed a
maximum of 462.89 g (H,S)/kg coconut
husk. As shown in Figure 6, from 0 to
78 min, H,S adsorption increased, as
indicated by a sharp and linear increase.
However, between 78 and 108 min, the
adsorption capacity graph tends to
flatten. The rapid adsorption rate
observed between 0 and 78 min may be
due to the high adsorbent surface area of
the coconut husks, and the gradual
decrease in adsorption capacity occurred
because the adsorbents approached
saturation or maximum adsorption
capacity. This finding is similar to the
result observed by Abdulsalam (2016),
who reported a sharp linear increase in
the graph during the adsorption of CO,
between 0 and 10 min, followed by a
flattening of the curve from 10 to 20
min.

Exhaustion rate of coconut husks in
the removal of hydrogen sulphide

The exhaustion rate of coconut
husks depends on the volume of gas
passing through the coconut husks and
increases as the amount of purified gas
increases. Figure 7 shows that the ability
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of coconut husks to adsorb H,S
decreased as the amount of biogas
passed through the purification column
increased. At the beginning of the
experiment (day 1), 6.18 g of H,S could
be adsorbed per minute, and

500.00
450.00
400.00
350.00
300.00
250.00
200.00
150.00
100.00

50.00

Adsoption capacity of cococnut husks
(9/kg)

- 20.00 40.00

subsequently, the adsorption rate
decreased until it reached 0 g/kg/min on
day 18, indicating that no H,S was
adsorbed anymore because the surface of
the husk was saturated.

60.00 80.00 100.00 120.00

Adsorption time (minutes)

Figure 6 — Hydrogen sulphide adsorption capacity over time

Coconut husks Exhaustion rate
(g/kg.min)

10 15 20

Time (days)

—@— exhaustion rate (g/kg.min)

Figure 7 — Exhaustion rate of coconut husks
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CONCLUSIONS

Coconut husk can potentially be
used in biogas purification to remove
H,S, which is the most challenging
component as it corrodes metal parts
when used at concentrations above 750
ppm. In this study, 2 kg of coconut husk
could purify approximately 800 L of
biogas with an  average H,S
concentration of 452 ppm, with a
removal efficiency of 62% before
exhaustion. The highest H,S removal
efficiency was achieved at 0.5 m from
the inlet point. Based on our findings,
coconut husks can be used in simple,
cost-effective biogas purification
systems, obtaining biogas with fewer or
no impurities (H,S).
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