https://dx.doi.org/10.4314/dujopas.vi2ild.26
ISSN (Print): 2476-8316
ISSN (Online): 2635-3490
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol.I2 No. Id March 2026

Performance Evaluation of Sawdust Briquettes with
Varying Particle Sizes as Alternative Domestic Fuel

A.A Safana*', I.I. Idowu', Sabiu Sa’id Abdullahi’, Baba Shehu Abba Kawu?

'Federal University, Dutse,
Department of Physics,
Dutse, Jigawa, State,
Nigeria.

?Kashim lbrahim University,
Maiduguri,
Borno State.

Email: aa.safana@fud.edu.ng

Abstract

This study evaluated the performance of sawdust briquettes produced with different particle sizes as an
alternative renewable energy source for domestic cooking. Six briquette samples were produced using
sawdust particles of 1 mm, 5 mm, and 10 mm sizes, both individually and in combinations, with starch
as a binding agent. The briquettes were evaluated through water boiling tests (WBT) to determine their
burning efficiency, moisture content, and ash content. Sample B (5 mm particle size) demonstrated
superior performance with the highest briquette yield (22 units), efficient burning rate (2.57 g/min),
low ash content (11.45% ), and intermediate moisture content (70.50%). The 5 mm and 10 mm particle
size briquettes exhibited higher burning rates and lower ash content compared to Imm particles, making
them more suitable for domestic cooking applications. This research demonstrates that sawdust
briquettes can serve as viable, affordable, and environmentally sustainable alternatives to conventional
cooking fuels, potentially reducing deforestation and waste disposal challenges in developing regions.
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INTRODUCTION

Energy availability remains a critical challenge for sustainable development, particularly in
rural and urban areas of developing countries. Nigeria's energy landscape is characterized by
heavy dependence on non-renewable fossil fuels and traditional biomass, with over 60% of
the rural population relying on fuelwood for domestic cooking (Sambo, 2009). This
dependence has led to severe environmental consequences including deforestation,
desertification, and atmospheric pollution Adegbulugbe (1994). Nigeria consumes over 50
million metric tons of fuelwood annually, contributing significantly to forest degradation and
climate change (Olorunnisola et al., 2021).

Globally, approximately 140 billion metric tons of biomass are generated annually from
agricultural activities, presenting enormous potential for energy conversion (Jekayinfa and
Scholz, 2009). The escalating costs of non-renewable energy sources such as kerosene and
liquefied petroleum gas (LPG) have prompted increased interest in renewable energy
alternatives for domestic cooking in developing nations. Biomass briquetting technology has
emerged as a promising solution that addresses multiple challenges simultaneously: waste
management, energy accessibility, and environmental sustainability.
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Sawdust, the primary raw material for composite briquettes, is readily available in large
quantities as waste from wood processing industries (Akinbami, J. F. K. 2001). The conversion
of sawdust waste through briquetting can significantly reduce waste disposal problems while
providing affordable fuel alternatives (Kuti and Adegoke, 2008). Agricultural residues
including maize stalks, groundnut husks, and various crop residues are often deposited on
farms or burned, creating ecological problems. However, research has revealed that these
wastes represent valuable energy sources (Jekayinfa and Scholz, 2009; Oladeji, 2011).

Briquetting technology offers several advantages over direct combustion of loose biomass
(Ahmed et al., 2008). It improves handling characteristics, increases volumetric calorific value,
reduces transportation costs, and enables standardized fuel products suitable for various
applications (Kaliyan and Morey, 2008). Briquettes provide greater heat intensity, cleanliness,
and convenience compared to firewood, while requiring relatively smaller storage space
(Kaliyan and Morey, 2009). The technology requires minimal capital investment compared to
other biomass processing methods, making it particularly suitable for rural communities and
small-scale enterprises (Olorunnisola et al., 2021).

Despite the promising potential of briquetting technology, the relationship between particle
size and briquette performance remains incompletely understood. Several studies have
examined particle size effects on biomass briquettes, though findings have been inconsistent
across different feedstocks and production methods. For instance, Obi et al. (2022) found that
smaller particle sizes (€2 mm) improved the compressive strength of corn cob briquettes,
while Kaliyan and Morey (2009) reported that moderately sized particles (2-4 mm) produced
superior density and durability in switchgrass briquettes. Similarly, Mitchual et al. (2013)
demonstrated that mixed particle size distributions enhanced the mechanical properties of
sawdust briquettes from tropical hardwoods, whereas Chin and Siddiqui (2000) observed
optimal burning characteristics with uniform particle sizes below 1 mm. These contradictory
findings suggest that optimal particle size may be species-specific and production-parameter
dependent as reported by (Chaney, J. 2010). However, most previous studies focused
primarily on mechanical properties and density, with limited investigation of burning
characteristics and thermal efficiency critical parameters for domestic cooking applications.
Furthermore, no systematic study has comprehensively evaluated the combined effects of
particle size on both physical-mechanical properties and combustion performance specifically
for sawdust briquettes under conditions relevant to household energy use.

The primary aim of this study was to address this research gap by comprehensively
evaluating the effectiveness of sawdust briquette samples across different particle size
categories (fine, medium, and coarse), examining not only conventional quality parameters
such as density, durability, and compressive strength, but also critical end-use characteristics
including ignition time, burning rate, thermal efficiency, and emission profiles during actual
cooking simulations. This integrated approach provides novel insights into particle size
optimization for domestic cooking applications, bridging the gap between briquette
production parameters and real-world cooking performance.

MATERIALS AND METHODS

Sample Collection and Preparation

Sawdust samples were collected from multiple carpentry workshops and small-scale wood
processing industries in Dutse Local Government, Jigawa State, Nigeria. The location was
selected due to the abundance of wood processing activities and readily available sawdust
waste. Six distinct samples were prepared based on particle size variations:
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e Sample A: Imm particle size (100%)

e Sample B: 5Smm particle size (100%)

e Sample C: 10 mm particle size (100%)

e Sample D: Imm and 5mm combination (50:50 ratio)
e Sample E: Imm and 10mm combination (50:50 ratio)
¢ Sample F: 5mm and 10mm combination (50:50 ratio)

Materials

The following apparatus and materials were utilized for the experimental procedures: a
locally fabricated circular metal cook stove, a silver cooking pot with a mass of 110 g, mercury-
in-glass thermometers, an electronic weighing balance with a precision of 0.01 g, a digital
stopwatch, a graduated measuring cylinder with 1000 ml capacity, cylindrical plastic pipe
molds, a mechanical compressor, locally prepared starch binder, a hand saw for particle size
preparation, and wire mesh for sieving.

Briquette Production Process
The briquette production process involved several systematic steps. The processes include the
sorting and sieving, mixing, molding and drying.

Sorting and Sieving: Sawdust samples were thoroughly screened using wire mesh to
maintain consistent particle size distributions. Unwanted materials and oversized particles
were removed to ensure uniformity within each sample category.

Mixing: Screened sawdust particles were mixed with locally prepared starch solution serving
as a binding agent. The starch-to-sawdust ratio was maintained consistently across all samples
to isolate particle size as the primary variable.

Molding: The sawdust-starch mixture was compacted into cylindrical plastic pipe containers
using manual compression. A mechanical compressor was employed to ensure adequate
compaction and removal of briquettes from molds (See Figure 2 (C)). Briquette dimensions
were standardized as follows:

e Diameter: 2.6 cm (radius: 1.3 cm)

e Height: 8.0 cm

e Volume: 42.5 cm?

Drying: Molded briquettes were sun-dried for 4-5 days until constant weight was achieved,
indicating complete moisture removal from the binding solution. Briquette weights were
measured daily to monitor drying progress.

Water Boiling Test Procedure

Performance evaluation was conducted at the Physics Laboratory, Federal University Dutse,
Jigawa State (Latitude: 11.7024°N, Longitude: 9.3340°E). The water boiling test (WBT) protocol
followed these standardized steps.

Preparation Phase: An empty silver pot was weighed and found to have a mass of 110 g. Next,
300 mL of water was measured and poured into the pot. The combined mass of the water and
pot was then recorded. The initial temperature of the water was measured using a mercury-
in-glass thermometer. The ambient temperature was also recorded to establish a baseline.

Combustion Phase: Predetermined masses of dried briquettes were weighed for each sample
(A:49.50 g, B: 30.60 g, C: 21.80 g, D: 32.70 g, E: 45.80 g, F: 35.90 g) and loaded into the stove's
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combustion chamber. Kerosene was applied as an ignition aid, after which the briquettes were
ignited with matches and allowed to stabilize. The silver pot containing water was then
mounted on the stove, and temperature readings were recorded at regular intervals using a
mercury-in-glass thermometer. The time required to reach the boiling point was measured
with a stopwatch.

Post Combustion Phase: Upon reaching the boiling point, the water was allowed to boil for 2
minutes before the final water temperature was recorded. The pot was then removed from
the stove, and the final mass of the water was measured. Residual ash was collected and
weighed, and the mass of consumed fuel was determined by calculating the difference
between the initial briquette mass and the remaining ash.

Analytical Methods

Moisture Content Determination

Moisture content was calculated using the gravimetric method before and after sun-drying a
procedure adopted from (Daveis et al., 2013):

MC=[(W:i-W2) /Wi x100 ....................... 1)
Where MC represents the moisture content expressed as a percentage, Wi is the weight of
the sample before drying in grams, and W: is the weight of the dried sample in grams.

Ash Content Determination
Ash content was determined through complete combustion at approximately 110°C a
procedure adopted from (Oyelaran et al., 2015):

Ash Content = (Wf/Wi) x100 ................... (2)
Where Wf represents the final weight of residue after combustion in grams, and Wi is the
initial weight of the briquette before combustion in grams.

Burning Rate Calculation
Burning rate was calculated as mass consumption per unit time. This parameter shows the
how long briquette can give heat; this procedure is adopted from Davies et al., (2013);

R=m/t.. (3)
Where R represents the burning rate expressed in grams per minute, m is the mass of
briquette consumed in grams, and t is the total combustion time in minutes.

RESULTS AND DISCUSSION

Briquette Production Characteristics

Table 1 presents the production characteristics for all six briquette samples, revealing
significant variations based on particle size configurations. Figure 1 displayed the briquettes
samples produced (A, B, C, D, F).
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Tmm size

1 by 1TO mm size

Figure 1: Briquettes samples produced (A, B, C, D, F)

Sample B (5mm particles) produced the highest number of briquettes (22 units), followed
closely by Sample C (21 units). The superior yield from medium-sized particles suggests
optimal packing efficiency during compression. Sample D (Imm and 5mm combination)
yielded the lowest number of briquettes (13 units), potentially due to inconsistent particle
distribution affecting compaction uniformity.

Table 1: Briquette Production Characteristics of Sawdust Samples with Varying Particle
Sizes

Parameter Sample A Sample B Sample C Sample D Sample E Sample F
(1Imm) (5mm) (10mm) (1:5mm) (1:10mm) (5:10mm)

Mixed

sample 1887.12 990.00 816.30 600.90 852.20 767.40

weight (g)

Wet

briquette 52.42 44.40 39.60 49.70 45.40 41.00

weight (g)

Total

briquettes 18 22 21 13 19 19

yielded

Dry briquette | 1 4 13.10 10.70 16.80 13.40 1130

weight (g)

Water Boiling Test Results

Table 2 summarizes the performance parameters obtained from water boiling tests conducted
on all samples. Initial water temperature was maintained at 28°C across all tests. Sample C
achieved the highest final temperature (107°C) and shortest boiling time (4:31 minutes),
demonstrating excellent thermal performance. Sample A required the longest time to reach
boiling point (11:25 minutes) and consumed the most fuel (49.50g). Figure 2 shown (A) Water
Boiling Test Set Up (B) Manual Briquettes molder (C) Briquettes burning.
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Table 2: Water Boiling Test Performance Results of Sawdust Briquettes with Varying Particle
Sizes

Parameter Sample A (1 | Sample B (5 | Sample C Sample D Sample E Sample F
mm) mm) (10 mm) (1:5 mm) (1:10 mm) (5:10 mm)

Initial Water

Temperature | 28 28 28 28 28 28

(0

Final Boiling

Temperature | 100 104 107 103 105 108

Q)

Initial Fuel | g 55 30.60 21.80 32.70 45.80 35.90

Mass (g)

Residual Ash

Weight () 2.50 1.50 1.00 2.80 2.80 1.00

Fuel

Consumed 47.00 29.10 20.80 29.90 43.00 34.90

(&)

Time to

Boiling 11:25 5:10 4:31 7:03 7:16 8:03

min:sec

@) B) ©
Figure 2: (A) Water Boiling Test Set Up (B) Briquettes burning (C) Manual Briquettes molder

Moisture Content Analysis

Moisture content values calculated using Equation 1 are presented in Table 3 and Figure 3.
Sample D (Imm and 5mm combination) exhibited the lowest moisture content (66.20%), while
Sample C (10mm particles) showed the highest (72.98%). The relatively high moisture content
across all samples (66-73%) reflects the water-based starch binding solution used during
production. Lower moisture content generally correlates with improved combustion
efficiency and longer storage stability (Demirbas, A. 1999). Sample D's superior dryness may
result from better air circulation between mixed particle sizes during the drying process.
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Table 3: Calculated Performance Parameters of Sawdust Briquettes with Varying Particle
Sizes Based on Water Boiling Test (WBT)

. . . . Time to
Sample Partu.zle Slz.e Moisture Ash Content (%) Burn.mg Rate Boiling
Configuration Content (%) (g/min) .
(min:sec)
A 1 mm (100%) 72.53 17.36 1.28 11:25
B 5 mm (100%) 70.50 11.45 2.57 5:10
C 10 mm (100%) 72.98 14.02 2.48 4:31
1 mm:5mm
D (50:50) 66.20 16.67 2.39 7:03
1mm:10 mm
E (50:50) 70.00 20.90 1.67 7:16
5 mm : 10 mm
F (50:50) 72.44 8.85 1.47 8:03
Mean — 70.78 14.88 1.98 7:08
SD — 2.37 414 0.51 2:20

Note: Moisture content (MC) was determined gravimetrically before and after sun-drying using Equation 1 (Davies et al.,
2013). Ash content was determined through complete combustion at approximately 110°C using Equation 2 (Oyelaran et al.,
2015). Burning rate (R) was calculated as mass consumed per unit time using Equation 3 (Davies et al., 2013). SD = Standard
Deviation. All samples used starch as a binding agent at a consistent starch-to-sawdust ratio.

Ash Content Analysis

Ash content represents the non-combustible mineral residue remaining after complete
combustion, serving as an indicator of fuel quality (Chen ef al., 2009). Sample F (5mm and
10mm combination) demonstrated the lowest ash content (8.85%), indicating cleaner
combustion characteristics. Sample E (Imm and 10mm combination) produced the highest
ash residue (20.90%), suggesting less efficient combustion of fine particle configurations. As
illustrate in Table 3 and Figure 3, respectively.

ANALYTICAL RESULTS
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Figure 3: The analytical results obtained from burning rate, moisture and ash contents

Lower ash content is desirable for domestic cooking applications as it reduces cleaning
requirements, improves heat transfer efficiency, and minimizes particulate emissions. The
superior performance of larger particle size combinations (Sample F) suggests better air
penetration during combustion, leading to more complete oxidation of organic materials. Fine
particles (Sample A) produced higher ash content (17.36%), potentially due to incomplete
combustion in densely packed regions with restricted airflow. The ash content values
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obtained (8.85-20.90%) fall within ranges reported by El-Saeidy (2004) for various agricultural
residues.

Burning Rate Analysis

Burning rate represents the fuel consumption per unit time, indicating combustion intensity
and duration. Sample B (bmm particles) exhibited the highest burning rate (2.57 g/min),
closely followed by Sample C (2.48 g/min) and Sample D (2.39 g/min). Sample A (Imm
particles) demonstrated the slowest burning rate (1.28 g/min).

Higher burning rates correlate with faster heat delivery and shorter cooking times, which are
advantageous for domestic applications. The superior performance of medium to large
particle sizes (5-10mm) suggests optimal balance between surface area exposure and
structural integrity during combustion. Fine particles (Imm) may compact excessively during
combustion, restricting oxygen access and slowing combustion rates. As illustrate in Table 5
and Figure 3, respectively.

The combination samples (D, E, F) showed intermediate burning rates, indicating that particle
size mixing influences combustion dynamics. Sample D's relatively high burning rate (2.39
g/min) combined with low moisture content makes it a viable option for applications
requiring balanced performance characteristics. The burning rates observed compare
tavorably with values reported by Kaliyan and Morey (2009) for densified biomass fuels.

Comparative Performance

Optimal Particle Size Configuration

Sample B, featuring a 5 mm particle size, demonstrated superior performance across several
key parameters, including the highest briquette yield of 22 units per batch, a high burning
rate of 2.57 g/min, low ash content of 11.45%, moderate moisture content of 70.50%, a short
boiling time of 5:10 minutes, and moderate fuel consumption of 30.60 g per test.

These characteristics make Sample B particularly suitable for domestic cooking applications
where efficiency, cleanliness, and fuel economy are priorities. The 5mm particle size appears
to provide optimal balance between particle surface area (affecting ignition and combustion
rate) and structural integrity (affecting briquette durability and handling). The influence of
particle size on briquette quality observed in this study corroborates findings by Krizan et al.,
(2015), who demonstrated that particle size significantly affects densification behavior and
final product quality. The superior performance of medium-sized particles (5mm) supports
the principle of optimal particle size distribution for achieving balance between compaction
efficiency and combustion characteristics.

Fine Particle Limitations

Sample A, with 1 mm particles, exhibited notable performance deficiencies, including the
slowest burning rate of 1.28 g/min, the longest boiling time of 11:25 minutes, the highest fuel
consumption of 49.50 g per test, and a high ash content of 17.36%. Fine particles create denser
briquettes with reduced porosity, limiting oxygen penetration during combustion (Emerhi, E.
A. 2011). This results in slower, less efficient burning with incomplete combustion and higher
ash residue. However, fine particles may offer advantages for applications requiring longer
burn duration with lower heat intensity.

Large Particle Performance

Sample C, containing 10 mm particles, exhibited outstanding thermal efficiency, achieving the
shortest boiling time of 4:31 minutes, the highest final temperature of 107°C, low fuel
consumption of only 21.80 g per test, and a high burning rate of 2.48 g/min. However, the
higher moisture content (72.98%) and moderate ash content (14.02%) suggest room for
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improvement. Large particles provide better air circulation during combustion but may
reduce briquette structural integrity during handling and storage (Kaliyan and Morey 2006).

Mixed Particle Size Performance

The combination samples (D, E, F) demonstrated variable performance. Sample D
(Imm:5mm) exhibited low moisture content (66.20%) and high burning rate (2.39 g/min) but
produced fewer briquettes (13 units) and moderate ash content (16.67%). Sample E
(Imm:10mm) showed balanced moisture content (70.00%) but highest ash content (20.90%),
indicating potential combustion efficiency issues. Sample F (5mm:10mm) achieved the lowest
ash content (8.85%) and high final temperature (108°C) but demonstrated lower burning rate
(1.47 g/min) and longer boiling time (8:03 minutes). The findings align with previous research
on biomass briquetting. Wilaipon P. (2008) reported that briquettes offer advantages over
fuelwood in terms of heat intensity and convenience.

CONCLUSION

This study successfully evaluated the performance of sawdust briquettes with varying
particle sizes as alternative domestic fuel sources. Particle size significantly influences
briquette performance, medium-sized particles (5 mm (B)) demonstrated optimal overall
performance with high briquette yield, efficient burning rate, low ash content, and short
cooking time. Fine particles (Imm (A)) showed limitations including slow burning rates, high
fuel consumption, and incomplete combustion characteristics. However, they may be suitable
for applications requiring extended burn duration. Large particles (10 mm (C)) provided
excellent thermal performance with shortest cooking times and high final temperatures but
showed higher moisture retention. All briquette samples successfully boiled water using a
simple cook stove, confirming their viability as cooking fuel alternatives.
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