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ABSTRACT

This study investigated the energy potentials of briquettes made from maize residues (cobs, husks and stalks)
and sawmills residues (sawdust, wood shavings and wood chips). These residues were collected from a farm
and sawmill located in Epe, Lagos State. They were burnt and converted to briquettes using a cylindrical
mould (70 x 100 mm) for maize residues and a rectangular mould (30 x70 x100 mm) for sawmill residues.
They were subjected to proximate, elemental and chemical analyses using American Society of Testing
Materials (ASTM) and Technical Association of the Pulp and Paper Industry (TAPPI) standards. Maize
residues briquette had moisture content (11%), volatile matter content (9.6%), ash content (12.6%), density
(287.1 kg/m®) and calorific value (2899.7 Kcal/kg). Sawmill residues briquette had moisture content (12.6%),
volatile matter (15.8%), ash content (14.8%), density (332.4 kg/m®) and calorific value (3259 Kcal/kg). The
Fuel Value Index of maize residues briquette was 207.3 and sawmill residues briquette was 197.3. A t-test
statistical tool was used to determine whether there was a significant difference between the two samples.
The absolute t value calculated (=0.0966) was less than the tabulated value (2.074) for equality of energy
potentials. This revealed that energy properties of briquettes produced from maize and sawmill residues is
not significantly different. Hence, both briquettes would be good sources of domestic energy.
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INTRODUCTION
Fossil fuels are available in limited reserves with

Presently, majority of the people living in the rural
areas use bioenergy sources for their basic energy

their demands ever growing because of industrial
development and rapid population growth (Adegoke
et al., 2014; Dutta et al., 2013). Fossil fuels have
impacted negatively on the environment in a great
way (Dutta et al., 2013). So to avoid depletion and
reduce their impacts on the environment, an
alternative way of generating fuel is sourced .One of
the ways is the use of biomass renewable energy.
Biomass resources can be harvested for a longer
period of time without significant depletion
(Akhator et al., 2017). Nigeria has vast renewable
energy resources majorly water, solar, wind and
biomass which are largely untapped for uses
(Akinrinola et al., 2014).

needs like cooking and heating. These are mostly
carried out in the inefficient ways (Akinrinola et al.,
2014). Some examples of biomass resources in
Nigeria are wood, agricultural and crop residues,
sawdust, wood shavings, bird and animal, litter and
dung, industrial and solid wastes (Akinrinola et al.,
2014). Agricultural residues include corn husks and
stalk, rice husk, cassava peels, palm kernel shells,
coconut shells, sugarcane bagasse, groundnut shells
and jute sticks (Akinrinola et al., 2014; Sotannde et
al., 2010). The nations of the world generate
billions of tonnes of agricultural residues yearly
(Quartey, 2011). Agricultural biomass waste when
converted to energy can significantly replace fossil
fuels, reduce greenhouse gases emissions and

JOURNAL OF RESEARCH IN FORESTRY, WILDLIFE AND ENVIRONMENT, VOLUME 12, NO. 3, SEPTEMBER, 2020


mailto:jrfwe2019@gmail.com
mailto:jfewr@yahoo.com
http://creativecommons.org/licenses/by/3.0/#_blank

EVALUATION OF ENERGY POTENTIALS OF BRIQUETTES PRODUCED FROM MAIZE AND SAWMILL RESIDUES

provide renewable energy to people in developing
nations (Quartey, 2011).

Densification or briquetting is the process of
compacting biomass residue into a uniform solid
fuel briquette. A briquette has higher density,
energy content and less moisture compare to its raw
material. Various methods can be used either with
or without binder addition for the biomass
briquetting (Sotannde et al., 2010). Hence, this
study evaluated the energy potentials of the two
briquettes made from maize and sawmills residues.

MATERIALS AND METHODS

Collection and Preparation of Materials

Dried maize residues (cobs, husks and stalks) and
sawmill residues (sawdust, wood shavings and
wood chips) were collected from a commercial farm
and sawmill respectively, both located at Epe,
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Lagos State. The maize residues were mixed
together in the ratio of 3:1:1 (cobs 9 kg, husks 3 kg
and stalks 3 kg). Similarly, the sawmill residues
were also mixed together in the same ratio (sawdust
9 kg, wood shavings 3 kg and wood chips 3 kg). All
the residues were further sun-dried for 2 weeks to
reduce their moisture contents and ensure
homogeneity. The mixed maize and sawmill residues
were burnt separately in a metallic drum which served as
a kiln. The residues were ignited and allowed to burn for
a while. Later on the lid was put on the drum to allow
the residues to smoulder and fire put out. The charred
residues are shown in Plates 1 and 2 respectively. The
burnt residues were crushed, pounded and sieved
(using 1.00mm sieve) to have powdered materials.
The sieved powdered maize residues weighed 4.5kg
and sawmill residues weighed 4kg. The sieved
residues were mixed with cassava starch solution
(binder).

Plate 1: Charred Sawmill Residues

Briquetting and Drying

A cylindrical briquetting mould (70 x 100 mm) was
used for moulding maize residues while a
rectangular mould (30 x 70 x 100 mm) was used for
sawmill residues. The briquettes were sundried for 7
days. The dried maize residues and sawmill
residues briquette weighed 0.4 kg and 0.3 kg
respectively. Samples of maize and sawmill
residues briquettes were later taken to the
Agronomy laboratory at the University of Ibadan,
Oyo State where Proximate, Chemical and Element
analyses were carried out according to American
Society of Testing Materials (ASTM) and Technical
Association of the Pulp and Paper Industry (TAPPI)
Standards. The Fuel Value Index (FVI) is calculated

Plate 2: Charred Maize Residues

based on the calorific value, wood density and ash
content. The expression is given by Saravanan et al.,
(2013) as:

FVI = CV-D/A

Where: FVI = Fuel Value Index; CV = Caloric
Value; D = Density; A = Ash

Data Analysis

A t-test statistical tool was used to determine
whether there is a significant difference between
any two given samples. In evaluating the equality of
energy potentials of briquettes produced from maize
and sawmill residues, maize residues briquette was
represented as x, and sawmill residues briquette
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asx,. It was assumed that the observations were
taken independently.

RESULTS

The results of the proximate, element and chemical
analyses of test briquettes are presented in the Table
1. Maize residues briquette had moisture content of
11% which was lower than sawmill residues
briquette of 12.6%. The volatile matter content of
sawmill residues briquette was 15.8% and much
higher than that of maize residues briquette of 9.6%.

The ash content of maize residues briquette was
lower with value of 12.6% while sawmill residues
briquette was 14.8%. Maize residues briquette had
a lower density of 287.1 kg/m® while that of
sawmill residues briquette was 332.4 kg/m®. The
calorific value of maize residues briquette was

]

Plate 3: Sawmill Residues Briquettes
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2899.7 Kcal/kg lower than sawmill residues
briquette with 3259 Kcal/kg.

Both oxygen and hydrogen contents of maize
residues briquette were higher 3.07 and 1.97% than
sawmill residues briquette with 2.83 and 1.60%
respectively. Sawmill residues briquette had sulphur
and nitrogen contents as 3.67 and 1.93% while that
of maize residues briquette were 2.13 and 1.37%.
The hemicellulose content was 3.37% for maize
residues briquette and 3.73% for sawmill residues
briquette. The lignin content of sawmill residues
briquette was 1.83% and maize residues briquette
had a higher content of 2.23%. The extractives
content of sawmill residues briquette of 7.90% was
higher than maize residues briquette with 5.10%
content. The briquettes are shown in Plates 3 and 4
respectively.

Plate 4: Maize Residues Briquettes

Table 1: Results of Proximate, Element and Chemical Analyses of Test Briquettes

Test Maize Residues Briquette Sawmill Residues Briquette
Proximate Analysis

Moisture content % 11.0 12.6
Volatile matter % 9.6 15.8
Ash content % 12.6 14.8
Calorific value (Kcal/kg) 2899.7 3259
Density (Kg/m®) 287.1 332.4
Analysis of Element

Oxygen content % 3.07 2.83
Sulphur content % 2.13 3.67
Nitrogen content % 1.37 1.93
Hydrogen content % 1.97 1.60
Chemical Analysis

Hemicellulose % 3.37 3.73
Lignin % 2.23 1.83
Extractives % 5.10 7.90
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The results of the t-test statistical analysis on the
results of proximate, element and chemical analyses
of test briquettes were shown in the Table 2. The
absolute t value calculated was 0.0966 and lesser
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than the tabulated value of 2.074. The null
hypothesis of equality of energy potentials could not
be rejected.

Table 2: Data Analysis of Proximate, Element and Chemical Analyses Results

Parameters

Estimates

Sample size(s)
Sample means
Sample variances
Pooled Variance

Test statistic
Critical value

n=n,=12

X, = 269.9367 X, = 304.8408

s? =6924300756 s; =8742882210
sz = 7833591717

t., =—0.0966 for which |t
tap = tzz, 09750 = 2.074

0.0966

cal| =

DISCUSSION

The moisture content of the two test briquettes were
11.0 and 12.6%. This is in line with Wilaipon
(2008) who cited the range of 10-15% moisture
content as the best for briquette. This will aid
complete combustion of the briquette. Rotting and
decomposition of briquettes in storage are prevented
by low moisture content (Noah et al., 2019).
However, Noah et al., (2019) in their work reported
mean moisture content of the briquettes produced
ranged from 32.72% to 60.24%. Dora (2008) also
cited the lower the moisture content of the biomass,
the more desirable it is as a biofuel. While high
moisture content makes briquettes swell and easy
degrade easily (Zubairu and Gana, 2014). The
maize residues briquette in this study with lower
moisture content of 11.0% would be desirable out of
the two briquettes.

Low volatile matter means the briquette won’t be
ignited easily, however once it does, it burns
smoothly with clean smokeless flame according to
Sotannde et al., (2010). The authors in their work
reported volatile matter content of 10 to 13% for
neem-wood residues briquettes. However, Falemara
et al., (2018) reported volatile matter values ranged
from 24.2% to 34.95% for agro- waste and wood
residues briquettes. VVolatile matter of the maize
residues briquette of 9.6% was lower compared to
15.8% of sawmill residues briquette. It means maize
residues briquette will burn faster and better than
sawmill residues briquette without smoldering.

The ash content of the two test briquettes were 12.6
and 14.8%. This is in agreement with Garcia et al.,
(2012) reporting that lower ash content indicates
good quality briquette and should be in the range of
5-20%. High ash content makes fuel less desirable
because it is non-combustible which reduces
combustion heat (Sadiku et al., 2016). Emerhi
(2011) reported ash content of 14.89 + 0.05% to
28.13 = 0.037 % for briquettes produced from
sawdust of three hardwood species. While Sotannde
et al., (2010) reported ash content of 4.95 and
4.47% for both starch and gum Arabic bonded
charcoal briquettes from neem wood residues. The
maize residues briquette with a lower ash content of
12.6% makes it desirable out of the two briquettes
in this study.

Falemara et al., (2018) opined that high density
indicates longer burning time. Densities for
briquettes in this study were 287.1 and 332.4 kg/m®.
This result was higher than what Adetogun et al.,
(2014) reported that briquettes produced from maize
cobs had density range of 150-270 kg/m* (0.15-0.27
g/m®). However, higher densities were reported by
Falemara et al., (2018) as 440 kg/m® and 530 kg/m®
(0.44 and 0.53 g/m®) for briquettes made from wood
residues and groundnut shells respectively.
Considering density, sawmill residues briquette will
burn for longer time than maize residues briquette.
The energy content of a fuel is determined by the
calorific value (Oyelaran and Tundunwada 2015).
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Sawmill residues briquette had a higher calorific
value of 3259 Kcal/kg (13.64MJ/kg) than maize
residues  briquette  with  2899.7  Kcal/kg
(12.13MJ/kg). This was similar to calorific value of
14.1MJ/kg for maize cob briquette as reported by
Wilaipon (2007). Musa (2007) cited calorific value
groundnut shell briquette as 12.6MJ/kg (12600
kJ/kg). Enweremadu et al., (2004) reported the
values of 144 MJ/kg (14372.93 kJ/kg) and
13MJ/kg (12953 kJ/kg) for both cowpea and
soybeans husks respectively.

Low sulphur and nitrogen contents indicate minimal
release of oxides which are harmful and
environmental pollutants (Dora 2008; Akowuah et
al., 2012). Considering this maize residues briquette
will be desirable since it produces minimum
harmful oxides and environmental pollutants. High
hemicellulose and lignin contents are desirable in
biomass meant for combustion (Dora 2008; Nguyen
et al., 2016). According to Nemestothy (2008), high
extractive content increases the heating value. Higher
values of both hemicellulose and extractives contents
will make sawmill residues briquette better than maize
residues briquette. According to Sadiku et al., (2016)
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