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Abstract: In this study, the calorific values of solid fuel samples and their
blends in different proportions were determined. Waste samples as sawdust,
charcoal, palm kernel bagasse, palm kernel shell, corn cob, palm fronds and
coconut shell were subjected to combustion in an isothermal bomb
calorimeter and their heating temperature profiles and corresponding heating
values were estimated. Individual materials and different blending ratios in
weight by weight (1:1, 1:1:1, 3:1:1, 1:3:1, and 1:1:3) heating contents were
established. Burning time test was evaluated for blended materials with
highest caloric values. Charcoal had the highest calorific value amongst all
individual samples with a calorific value of 17,062 kJ/kg with palm fronds
having the least heating value of 12,997 kJ/kg. In the 1:1 ratio mix,
charcoal:palm oil bagasse had the highest heating content of 21,907 kJ/kg.
Considering the ratios of three different solid mass in varying weight
proportions, the combination of charcoal:coconut shell:palm oil bagasse
(1:1:1) in equal weight percent gave the highest heating content of 23,373
kJ/kg. The blend of charcoal:coconut shell:palm kernel bagasse had the
highest burning time of 20 minutes and 12 seconds. From the evaluations,
charcoal in mixed proportions with other solid biomass are excellent
materials to be considered for solid fuels production.
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1. Introduction

Energy security, global warming and
proper use of locally sourced materials
are the driving factors for using
biomass as an alternative energy source
[1]. Biomass fuel utilization provides
great advantages for the environment.
Biomass absorbs carbon dioxide during
growth, and emits it during combustion.
As a result, biomass helps the
atmospheric carbon dioxide recycling,
does not contribute to the greenhouse
effect, and consumes some amount of
CO2 from the atmosphere during
growth and releases the same during
combustion [2]. Fossil fuel, a non-
renewable form of energy, provides 80
percent of man’s energy [3]. This
conventional form of energy is being
gradually depleted through the growing
world industrialization. In addition, the
utilization  of  fossil  fuel  for
industrialization has negative effects on
the world’s climatic conditions such as
the emission of greenhouse gases into
the atmosphere leading to global
warming. Increasing industrial activities
and world’s population are related to
the general energy utilization. It is
estimated that world’s energy demand
will be more than 50% by 2025 [4]. A
good solution to reducing all these
setbacks brought about by the
utilization of fossil fuel for world’s
industrial development is to investigate
and to find new alternative fuel sources.
Biomass is said to be the third largest
energy resource in the world after coal,
gas and oil [5].

Biomass is nearly carbon neutral; hence
its utilization helps mitigate greenhouse
gas emissions [1]. Use of traditional
biomass fuels in combustion systems,
either alone or in combination with oil
or coal, reduce emissions of NOx, SO2
and CO2 compared to using fossil fuels
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alone [6], Waste materials from
sawdust, papers, leaves, rice husk,
coconut husks, corn cob, palm kernels,
palm oil bagasse, and other agricultural
wastes in many combinations and
proportions can be developed into fuel
briquettes or pellets [7], [8]. Many of
these agricultural materials lie as waste
heaps not utilized adequately. In such
waste dumps, these materials get
decayed ultimately releasing carbon
dioxide to the atmosphere. These
materials could be used to produce
pellets or briquettes which are a form of
fuel. Biomass pellets are usually in
form of cylindrical sticks. They are
utilized in home pellet stoves, central
heating boiler, industrial boiler, or in
power plants. Biomass briquettes can be
in form of sticks or blocks with large
diameter and different shapes. They are
primarily for industrial use for heating.
Briquette making has the potential to
meet the additional energy demands of
urban and industrial sectors, thereby
making a significant contribution to the
economic advancement of any country.
Due to high moisture content, irregular
shape and size, and low bulk density,
biomass is very difficult to handle,
transport, store, and utilize in its
original form [9]. As a result of these
setbacks, densification of these
materials into durable compact forms
(as pellets or briquettes) is effective in
solving these challenges and can reduce
material waste. Densification can
increase the bulk density of biomass
from an initial bulk density of 40-200
kg/m3 to a final compact density of
600-1200 kg/m3 [10], [11]. Also,
densified biomass, as pellets, has drawn
attention due to its superiority over raw
biomass in terms of its physical and
combustion characteristics [12]. The
utilization of these biomass materials
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also depends on the following: feed
constituents, energy content, volatile
matter, ash content and slagging
characteristics, reactivity, size and size
distribution, adding  binders  or
additives, densification equipment, bulk
density, and post- production treatment
conditions like heating or cooling and
storage  conditions  [13].  These
properties could be altered by
subjecting raw biomass to various
processing methods and forming
composites [11]. If biomass or agro-
waste briquettes are to be used
efficiently and rationally as fuel, they
must be characterized to determine
parameters such as the calorific values,
flame propagation rates, ignition time,
burning time, burning efficiency among
others. The calorific (heating) value of
biomass feed-stocks are indicative of
the energy they possess as potential
fuels. The gross calorific value (higher
heating value, HHV) and the net
calorific value (lower heating value,
LHV) at constant pressure measures the
enthalpy change of combustion with
and  without  water  condensed,
respectively [14]. Most agricultural
wastes as those considered in this study
can be converted from solid to either
gaseous or liquid fuels by biochemical,
thermal and chemical processes [15].
Adequate utilization of biomass fuels
gives enormous benefits in terms of
environmental concerns. During their
growth, biomass absorbs carbon dioxide
during growth, and emits it during
combustion. In addition, biomass as
fuel for power production offers the
advantage of a renewable and CO2-
neutral fuel [2].

In this study, the energy contents of
some agricultural solid wastes and their
mixed proportions were investigated
amenable to  further large-scale
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pelletising or briquetting. Variations of
energy contents based on samples
mixing ratios, burning time, ignition
and ashing time were evaluated.
Furthermore, the best combination of
these variations was established.

2. Materials and Methods

2.1. Materials Sourcing and
Preparation

Charcoal was collected at a local
cooking store while sawdust was
sourced from a wood milling factory,
both at Ikorodu Town (6037°N 3030°E,
elevation of 28 m), South West,
Nigeria. Coconut shell, corn cob, palm
fronds, palm oil bagasse, palm kernel
shell were all sourced from a farm
settlement at lju Town (7022°N 5015°E,
elevation of 353 m), South West,
Nigeria. Samples were sun dried for
approximately 48 hours to reduce their
moisture contents. All samples were
pulverized to accepted size fractions.
Samples were made to pass through
sieves of different aperture diameter
ranging from 500 pm to 106 um. The
samples were further dried in a
convection oven at 105 oC to
completely eliminate moisture. The
dried materials were stored in different
rubber packs until they were ready to be
used.

2.2 Determination of Heat of
Combustion of Materials

The heating value measurement or the
heat of combustion of the individual
raw materials and their mixed
proportions were determined by an
isothermal oxygen bomb calorimeter
(Fig. 1). The bomb calorimeter consists
of metal bomb designed to withstand
heat and pressure, a large flask to hold
the bomb and a known volume of
water, which are means of remotely
igniting  the  sample  (typically
electrically, through the use of a fuse
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wire), and a means of accurately
measuring the temperature of the water.
The heating or calorific value of a fuel
sample is the amount of heat liberated
per unit mass of the sample. After
standardization with benzoic acid
(standard heating value of benzoic acid
was determined and its known heat of
combustion was used to determine the
heat capacity of the bomb calorimeter).
Once the calorimeter has been
calibrated, the caloric values of raw
samples were determined. 1.0 g of
grounded sample (150 pm size fraction)
was weighed and pelletized using the
pellet press (Fig. 2(a)). The pelletized
material was burnt in the bomb
calorimeter for a particular duration.
For each batch of experiments, 0.1 m of
chromium wire was attached to the
bomb electrodes. The wire was bent so
that the loop bears against the top of the
pellet firmly enough to keep it from
sliding against the side of the capsule.
The bomb was placed securely on the
bomb basket after injecting oxygen at
2,020 kPa into the bomb through the
knurled valve knob. 2 L of distilled
water was poured into the metal bucket
sufficient to submerge the nut of the
bomb to a depth of 0.003 m (Fig. 2(b)).
An initial 10 min was allowed before
the firing temperature was noted. After
the initial temperature rise and with no
reasonable change in temperature, the
bomb was removed from the
calorimeter, and residual gas was
allowed out of the bomb by opening the
knurled valve knob. The remaining
length of the fuse wire was recorded in
order to determine the correction for
firing energy. Oxygen was supplied to
the bomb calorimeter before immersion

CJET (2017) 1(2) 74-83

into the bucket with compressed oxygen
present in a gas cylinder at 20
atmospheres. Acid correction is carried
out after each step to correct for any
incomplete  combustion  in  the
calorimeter wusing 0.1 M sodium
hydroxide solution. All measurements
were duplicated. The schematic
diagram of the isothermal bomb
calorimeter is as shown in Fig. 1.

A resultant energy value for any
material tested was calculated from;

E(AT-C, — C;)
v = Mer

Q, = Caloric value of sample at the

final temperature (kJ/kg)

Msr = Weight of the standard

sample

C; = Correction for firing energy
(determined from the left
over of the chromium wire
burning equal to 2.6 x length
of chromium burnt)

C; = Total acid correction
(determined from the after-
wash solution of the interior
of the  bomb by titrating
with 0.1 M NaOH solution)

AT = Measured change in

temperature

E = Energy equivalent of the bomb

calorimeter (J/degree (°C)), given

as;

o Qsr(Msr + G, +G)

AT
Qsr = Heat of combustion of the

standard sample (benzoic acid)
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Fig. 1. Schematic representation of a simple isothermal oxygen bomb calorimeter

Fig. 2. (a) and (b) views of manual pelletizing set up and calorimetric bomb immersed in the

metal bucket respectively.
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Materials in mixed proportions were
bound with starch paste, mould into
small shapes and sun dried. The mixed
proportions were investigated as blends
of materials in 1:1 ratio (using either
sawdust or charcoal in same proportions

with the other materials) and combining
the best three materials that gave the
highest individual heating contents in
four different ratios (Table 1). The
burning time was
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Fig. 3. Temperature profile illustration
during the combustion of blends of
charcoal with other materials in 1:1
mixed proportions (B = Coconut shell,
C = Corn cob, D =Palm fronds, E=

Palm oil bagasse, F= Palm kernel shell,
G= Sawdust). Section (a) is the initial
temperature test period, section (b) is
the temperature rise period, and section
(c) is the final temperature test period.
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Table 1: Estimated Heating Values of Individual Materials and their Mixed Proportions.

Mixed proportion (1:1)

Heating Heating Heating
Sample content ~ Sample content Sample content
(kJ/kg) (kJ/kg) (kJ’kg)
A (Charcoal) 17,062 AB 21,299 GA 19,219
B (Coconut shell) 16,480 AC 20,337 GB 16,681
C (Corn cob) 10,798 AD 17,325 GC 15,270
D (Palm fronds) 12,997 AE 21,907 GD 14,820
E (Palm oil bagasse) 16,307 AF 19,890 GE 15,744
F (Palm kernel shell) 15,396 AG 19,219 GF 15,908
G (Sawdust) 14,941
Mixed proportions ABEE AB:3E 3ABE A:3BE
Heating content
(kJ/kg) 23,373 18,598 21,891 18,740
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Fig. 4. Temperature profile illustration
during the combustion of blends of
sawdust with other materials in 1:1

mixed proportions (A = Charcoal, B =
Coconut shell, C = Corn cob, D =Palm
fronds, E= Palm oil bagasse, F= Palm
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kernel shell). taken as the difference
between ignition time and ashing time
(time of samples completely turning to
ash) of different mixed samples.

3. Results and Discussion

3.1 Heating Contents of Individual
and Blended Materials

The measured temperatures for the
different blends of materials in different
mixes (using charcoal and sawdust as
the materials with highest individual
energy contents) are given in Fig. 3 and
Fig. 4. The caloric values for individual
materials were obtained in kJ/kg as
(Table 1); charcoal (17,062), coconut
shell (16,480), corn cob (10,798), palm
fronds (12,997), palm oil bagasse
(16,307), palm kernel shell (15,396),
sawdust (14,941). Corn cob has the
least heating content. In a previous
study [6], the caloric value of plain
sawdust briquette was obtained as 18.82
MJ/kg. This value is greater than the
caloric content of raw sawdust in this
study. This may be due to variations in
the  species and  experimental
conditions. The caloric value of
charcoal is the highest among the
individual heating contents. The firing
temperatures of blended materials (at
zero time) corresponding to a particular
temperature increases with the burning
strengths of the materials (Fig. 3 and
Table 1). For example, AB (charcoal:
coconut shell; 21,299 kJ/kg) has
temperature of 29.4 oC. In addition, AE
(charcoal: palm oil bagasse; 21,907
kJ/kg) has temperature of 31.4 oC.
Equally, for the 1:1 mixed proportions
of sawdust wth other materials, GA
(sawdust:  charcoal) produced the
highest heating content of 19,219 kJ/kg
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