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ABSTRACT

This study investigated the production and characterization of bio-briquettes developed from blended,
carbonized millet husks and corncobs as a sustainable fuel for local cooking stoves in Ashaka, Gombe
State, Nigeria. In this region, over 83% of the population lacks access to clean cooking technologies,
relying heavily on traditional biomass fuels that drive deforestation and indoor air pollution. Abundant
local agricultural residues millet husks and corncobs were collected, sun-dried, and carbonized using a
locally fabricated kiln. The carbonized materials were blended at ratios of 100:0%, 75:25%, 50:50%,
25:75%, and 0:100%, utilizing 10% cassava starch by weight as a binder before compaction in a
mechanical press. Physical, chemical, and mechanical properties were characterized following standard
ASTM procedures, and practical combustion performance was evaluated using a standard local stove.
Data from triplicate experiments were analyzed using descriptive statistics and one-way ANOVA. Results
revealed that the 50:50% blend ratio exhibited superior combustion characteristics, yielding the highest
calorific value 27.50 £ 0.20 MJ/kg, fixed carbon 70.23 + 0.45%, and thermal efficiency 30.5 + 0.30%,
alongside the lowest moisture 4.50 + 0.10% and ash content 9.20 =+ 0.30%. Conversely, the 25:75% blend
demonstrated optimal mechanical properties, achieving the highest bulk density 750.78 = 2.58 kg/m?,
compressive strength 1.587 + 0.028 MPa, and durability index 93.33 + 0.75%. ANOVA confirmed that
the blend ratio exerted a highly significant effect p < 0.001 on all measured parameters. Furthermore, the
calorific value of the optimized briquettes 27.5 MJ/kg exceeded that of traditional wood charcoal 24.0
MJ/kg, while the char yields from carbonization were 28.5% for millet husks and 33.0% for corncobs.
The study concludes that blending carbonized millet husks and corncobs produces technically viable bio-
briquettes for local stove applications. While the 50:50% blend offers peak energy performance, the
25:75% blend provides superior physical resilience, highlighting a formulation trade-off based on specific
end-use requirements. The findings provide a scientifically validated framework for sustainable agro-
waste utilization, contributing to energy security and environmental sustainability in Northern Nigeria and
similar regions.
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1.0 INTRODUCTION

The global energy landscape is increasingly shifting towards sustainable and renewable sources to

mitigate climate change and address energy poverty, particularly in developing nations (Bhattacharya et

al., 2002). In many parts of Sub-Saharan Africa, including Nigeria, a significant portion of the population

relies on traditional biomass fuels like firewood and charcoal for domestic cooking (International Energy
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Agency, 2021). This dependence leads to deforestation, environmental degradation, and severe health
issues due to indoor air pollution (Oladeji, 2012; Demirbas, 2004).

Nigeria, with its vast agricultural sector, generates enormous quantities of agricultural residues annually,
which are often discarded or inefficiently burned, contributing to environmental pollution (Rabier ef al.,
2006). These residues, such as millet husks and corncobs, represent a substantial, untapped resource for
bioenergy production. Converting these agro-wastes into densified fuel forms, known as briquettes, offers
a viable and sustainable pathway to provide clean, affordable, and efficient cooking fuel (McKendry,
2002).

Nigeria faces a severe energy crisis characterized by high energy poverty, with over 83% of the
population lacking access to clean cooking technologies as of 2021 (World Bank, 2021). This deficit
compels households, especially in rural and semi-urban areas like Gombe State, to depend on traditional
biomass, primarily fuelwood (Nduka & Akinbami, 2021). The unsustainable harvesting of wood for fuel
is a major driver of deforestation, exacerbating desertification and climate change impacts in the Northern
region of the country (Oladeji, 2012).

Biomass briquetting is a densification process that converts low-density, bulky agricultural residues into
high-density, solid fuel blocks (McKendry, 2002). This process significantly improves the handling,
storage, and energy content per unit volume of the fuel by increasing the mechanical durability of
biomass materials (Obi et al., 2022). Research consistently shows that briquettes made from agro-wastes
are a promising alternative to fossil fuels and traditional charcoal, contributing to a cleaner energy
transition (Obi et al., 2014).

Carbonization, or pyrolysis, is a crucial pre-treatment step in this study. It involves heating biomass in a
low-oxygen environment to remove volatile matter, resulting in biochar or charcoal (Tumuluru & Taylor,
2011). Carbonized briquettes typically exhibit superior combustion characteristics, such as higher
calorific value, reduced smoke emission, and improved burning efficiency, compared to raw biomass
briquettes (Sun ef al., 2019). Studies have confirmed the suitability of both millet husks and corncobs for
carbonization and briquetting (Akowuah et al., 2012; Zych, 2008).

Millet husks, a major residue from millet production common in Northern Nigeria, and corncobs, a
widely available residue from maize farming, present an excellent opportunity for synergistic blending to
achieve optimal fuel properties. Corncobs have a relatively low ash content (approximately 1.2%), which
improves combustion efficiency and reduces slagging and fouling (Kaliyan & Morey, 2009). Millet husks
are primarily composed of cellulose, hemicellulose, and lignin, key components contributing to their
potential as biomass fuel (Mbah et al., 2018). The specific focus on the Ashaka district is motivated by its
high agricultural output and the urgent need for sustainable energy solutions, aligning with national
efforts toward clean cooking and energy transition.

2.0 MATERIALS AND METHOD

2.1 Study Area

The research is situated in the Ashaka district of Funakaye Local Government Area, Gombe State,
Nigeria. Ashaka is geographically located at approximately latitude 10°55'N and longitude 11°25'E. The
region is characterized by a semi-arid climate with distinct wet and dry seasons.
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Figure 1: Funakaye LGA Map

2.2 Raw Materials

Millet Husks: Collected from local farms in Ashaka Gari, Gombe State, typically after the harvest
season.

CornCobs: Collected from maize farming clusters within the Funakaye Local Government Area (LGA).
Binder: Cassava starch was selected as the binding agent due to its local availability, cost effectiveness,
and proven efficacy in biomass densification.

Water: Clean water was used for binder preparation and moisture adjustment.

2.3 Equipment

The research utilized a range of specialized equipment to facilitate the carbonization and characterization
processes.

Carbonizer: A locally fabricated cylindrical drum-type kiln (90 cm height, 60 cm diameter) designed for
slow pyrolysis in a limited oxygen environment.

Hammer Mill/Grinder: Used to pulverize the carbonized biomass into fine particles suitable for
briquetting.

Briquette Press: A mechanical device used to compress the mixture into cylindrical molds.

Bomb Calorimeter: Used for determining the Higher Heating Value (HHV).

Muffle Furnace: Used for proximate analysis (moisture, ash, and volatile matter).

Universal Testing Machine (UTM): Used for assessing compressive strength.

Electronic Weighing Balance: Used for precise measurement of mass.

2.4 Experimental Design

The study adopts an experimental research design. The primary independent variable is the blend ratio of
carbonized millet husks (CMH) to carbonized corncobs (CCC). The dependent variables include the
combustion properties (calorific value, ash content, etc.) and mechanical properties (density, durability,
etc.).
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Table 1: Sample Preparation

Sample ID Millet Husk (%) Corncorb (%) Binder (%)
A (Control 1) 100 0 10
B 75 25 10
C (Equal Blend) 50 50 10
D 25 75 10
E (Control 2) 0 100 10

2.5 Sample Preparation and Carbonization
2.5.1 Pre-treatment
The raw millet husks and corncobs were dried under sun to reduce moisture content to below 15% to
ensure efficient carbonization. The corncobs were crushed into smaller pieces to increase the surface area.
2.5.2 Carbonization Process
The millet husks and corncobs biomass were carbonized using the conventional drum method. The
carbonizer is a simple cylindrical design fabricated to provide a means of creating a low oxygen
environment. It was fabricated using a drum of about 90 c¢cm in height and 60 cm diameter with an
opening at the top for loading the feedstock. A suitable metal plate was constructed and used as a cover
for the top opening of the drum during firing. The biomass (millet husks and corncobs) was fed to a
reactor in manageable batches until desired quantities were achieved.
2.6 Briquette Production
The carbonized materials were first ground and sieved to a uniform particle size of approximately 2 mm.
To prepare the binder, cassava starch was dissolved in cold water to form a paste, which was then
gradually added to boiling water and stirred continuously until a smooth, homogeneous gelatinized
solution was obtained. The carbonized millet husk and corncobs were then blended according to the
predefined ratios outlined in Table 1. The mixture was subsequently loaded into a briquette press and
compacted under a constant pressure. The produced briquettes were dried by sunlight until a constant
weight was achieved to ensure optimal stability and quality.

2.7 Characterization of Briquettes
2.7.1 Combustion Properties (Proximate Analysis)
Standard methods were used to determine the fuel quality:
Moisture Content (MC) — ASTM D3173: A 1.0 g sample was placed in a pre-weighed crucible and dried
in an oven at 105 °C for 1 hour. The crucible was then cooled in a desiccator and reweighed. Calculated
using the formula:

W, — W,
MC(%) = lT X 100

where Wi = initial weight; W2 = dry weight.
38



Abdulkadir et al. .... Int. J. Inno. Scientific & Eng. Tech. Res. 14(3):35-46, 2026

Volatile Matter (VM) — ASTM D3175: The dried sample obtained from the moisture content (MC) test
was placed in a crucible with a lid and heated in a muffle furnace at 900 °C for 7 minutes. It was then
cooled in a desiccator and weighed. Calculated using the formula:

va(n) =22~ 100
e — x
i) W,
where Ws = weight after volatiles removal.
Ash Content (AC) — ISO 18122: Ash content was determined per ISO using a fresh sample at 550°C to

constant mass followed by coolin g and weighing. Calculated using the formula:

W4
AC(%) = —x 100
(%) "

where W4 = weight Ash after complete combustion.
Fixed Carbon (FC): Calculated by difference:

FC(%) = 100 — (MC + VM + AC)
Calorific Value (CV) — ASTM D5865: A 0.5 g portion of the powdered sample was combusted in a
bomb calorimeter, and the heat released from the combustion raised the temperature of a known mass of
water. Calculated using the formula:
CV (MI/kg) = (AT x THL=Aw)

me

where AT = temperature rise (°C); W_w = water equivalent of calorimeter (g); C_w = specific heat of
water (4.184 J/g°C); m_s = sample mass (g).

2.7.2 Mechanical Properties

Three mechanical parameters were evaluated: Bulk Density, Compressive Strength, and Durability Index.
Bulk Density (kg/m?®) — ISO 17225-6: A calibrated cylindrical container with a volume of 1000 cm® was
filled with briquettes without compaction, and the excess material was levelled off using a straight edge.
The combined weight of the container and briquettes (W _total) was measured, and the weight of the
empty container (W_container) was recorded. Calculated using the formula:

W total-W container

Bulk Density (kg/m?) = X 1000

Volume

Compressive Strength (MPa) — ASTM D3837: Individual cylindrical briquettes (approximately 40 mm
in diameter and 60 mm in height) were placed vertically between the plates of a Universal Testing
Machine (UTM). A load was applied at a crosshead speed of 5 mm/min until fracture occurred, and the
maximum load at failure (F_max) recorded. Calculated using the formula:
Fmax

A

Compressive Strength (MPa) =

where A = Cross-sectional area (m?) = nur? (r = radius of briquette).
Durability Index (%) — ISO 17831-1

Twenty briquettes were placed inside a drop tester (rotating drum operating at 50 rpm), and the drum was
rotated for 10 minutes. After rotation, the number of intact briquettes, defined as those retaining at least
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90% of their original size, was counted. Calculated using the formula:

. Nz hear i Briot
Durability Index(%) = —— Ef”!::” TIqUeTEt % 100

2.7.3 Combustion Performance Testing
Practical combustion tests were conducted using a standard local stove. Parameters measured are:

Ignition Time (IT) — (seconds): Time recorded from placement of briquette on stove to the appearance of
a sustained flame (visible for > 10 seconds). Measured using a stopwatch.

Burning Rate (BR) — (g/s): The initial mass (Mi) of a dry briquette was recorded. After complete
combustion, the residual ash mass (Mf) was measured, and the total burning time (t) was also recorded.
Calculated using the formula:

BR (g/s) = “l—_rwf—

Thermal Efficiency (TE) — (%) — Water-Boiling Test (ASTM E2515): One kilogram of water was
placed in a standard pot on the stove, and a single briquette was ignited. The time taken for the water to
reach its boiling point (100 °C) was recorded. The heat input was calculated as the calorific value
multiplied by the mass of the briquette (MJ), while the heat output was calculated as the product of the
mass of water and the specific heat of water (4.184 kJ/kg°C) x AT(MJ). Calculated using the formula:

Heat Output

TE(%) Heat Input

2.8 Data Analysis

The data collected from the experiments were analyzed using the following techniques:
Descriptive Statistics: Mean and standard deviation were calculated for all measured properties across
the different blend ratios.
Analysis of Variance (ANOVA): A one-way ANOVA was performed to determine if there are
statistically significant differences between the properties of the various blend ratios.

3.0 RESULTS

3.1 Descriptive Analysis of Briquette Properties

The descriptive statistics, presented as Mean + Standard Deviation (SD), provide a clear initial overview
of how the different blend ratios influence the briquette characteristics across combustion, mechanical,
and performance metrics.

3.1.1 Combustion Properties (Proximate Analysis)

The proximate analysis results, including Moisture Content (MC), Volatile Matter (VM), Ash Content
(AC), Fixed Carbon (FC), and Calorific Value (CV), are presented in Table 2.

The data indicates a clear trend where the 50:50% blend ratio exhibits the most favorable combustion
characteristics. This blend recorded the highest Calorific Value (27.50 = 0.20 MJ/kg) and Fixed Carbon
(70.23 + 0.45), which are the primary indicators of fuel quality and energy content. Conversely, this blend
also achieved the lowest Moisture Content (4.50 + 0.10) and Ash Content (9.20 + 0.30). The reduction in
ash and moisture, coupled with the increase in fixed carbon, directly contributes to the superior calorific
value, aligning with established principles of solid fuel quality where higher fixed carbon content
translates to greater energy density. The control group (100:0 Control 1) consistently showed the least
desirable properties, with the lowest CV and FC, and the highest AC.
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Table 2: Descriptive Statistics for Combustion Properties

Blend Ratio  MC (%) VM (%) AC (%) FC (%) Cal. Value (MJ/kg)
100:0 CN1 513£0.15  18.60+0.10  1023+0.15  66.03+0.36  25.50%0.20
75:25 4.80+0.10 1697 £0.15 9.50+£0.20 68.73 £0.06 26.80+0.10
50:50 4.50+£0.10 16.50 +0.20 9.20+0.30 70.23 £0.45 27.50+0.20
25:75 4.60+0.10 17.17+0.15 9.40+0.20 69.23 +£0.35 27.00+0.20
0:100 CN2 4904010  18.00£020  9.80%0.10 67.30+020  26.03+0.15

3.1.2 Mechanical Properties
The mechanical properties, which dictate the briquette's handling and storage resilience, are presented in

Table 3.

The mechanical properties show that the 25:75 blend ratio demonstrated the highest mechanical integrity.
This blend achieved the maximum Bulk Density (750.78 + 2.58 kg/m?®), Compressive Strength (1.587 +
0.028 MPa), and Durability Index (93.33 + 0.75%). High bulk density is desirable for efficient storage
and transport, while high compressive strength and durability are crucial for minimizing breakage during
handling. The superior mechanical performance of the 25:75 blend suggests an optimal interaction
between the blend components at this ratio, leading to a denser and more robust briquette structure. The
Control 1 sample showed significantly lower values across all mechanical parameters, highlighting the

effectiveness of the blending and briquetting process in enhancing physical properties.
Table 3: Descriptive Statistics for Mechanical Properties

Group Bulk Density (kg/m?) Compressive Strength (MPa) Durability Index (%)
100:0 CN1 548.60 +2.99 0.785+0.011 75.25+0.14
75:25 693.22 £4.18 1.253+0.014 88.49 £ 0.26
50:50 720.53 £4.11 1.418 £0.021 90.91 £0.47
25:75 750.78 £2.58 1.587 +0.028 93.33+0.75
0:100CN2  736.83+5.42 1.571 +0.038 92.56 +0.29
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3.1.3 Combustion Performance

The practical combustion performance in a local stove, measured by Ignition Time (IT), Burning Rate
(BR), and Thermal Efficiency (TE), is detailed in Table 4.

The performance metrics strongly favor the 50:50 blend ratio, which recorded the highest Thermal
Efficiency (30.5 £+ 0.30%) and the shortest Ignition Time (95.0 + 2.00 s). A shorter ignition time is a key
user-preference factor, while higher thermal efficiency indicates better energy utilization in the stove. The
Burning Rate was lowest for the 50:50 blend (0.100 + 0.0020 g/s), suggesting a slower, more sustained
burn, which is often desirable for prolonged cooking. This superior performance is consistent with the
high Calorific Value and Fixed Carbon content observed in the proximate analysis for the same blend
Table 4: Descriptive Statistics for Combustion Performance

Blend Ratio Ignition Time (s) Burning Rate (g/s) Thermal Efficiency (%)
100:00 CN1 125.0+2.00 0.120 £ 0.0020 25.5+0.30
75:25 110.0 £2.00 0.110 £+ 0.0020 28.0+£0.30
50:50 95.0£2.00 0.100 + 0.0020 30.5+0.30
25:75 105.0 +2.00 0.110 £+ 0.0020 29.0+0.30
0:100 CN2 115.0 £2.00 0.120 + 0.0020 27.0+£0.30

3.2 Analysis of Variance for Briquettes Properties

The descriptive analysis suggests clear differences between the blend groups. The one-way ANOV A was
performed to statistically confirm whether these observed differences are significant or merely due to
random variation.

3.2.1 Combustion Properties

The ANOVA results for the combustion properties are presented in Table 5. The ANOVA results provide
strong statistical support for the descriptive findings. The blend ratio had a highly significant effect on
Ash Content (F=27.48, p < 0.0001), Fixed Carbon (F= 57.8, p < 0.0001), and Calorific Value (F= 54.07,
p <0.0001). The high F-ratios indicate that the variation in these key fuel quality parameters between the
blend groups is far greater than the random variation within the groups. This confirms that the blending
process is a statistically effective method for optimizing the energy content and purity of the briquettes.
The Moisture Content was also found to be very significantly different (F= 7.06, p = 0.0026)

42



Abdulkadir et al. .... Int. J. Inno. Scientific & Eng. Tech. Res. 14(3):35-46, 2026

Table 5: Analysis of Variance for Combustion Properties

Parameter Variation SS df MS F-value p-value Significance

Moisture Content Between Groups 0.507 4 0.127  7.06 0.0026 Very Significant
Within Groups 0.18 10 0.018

Ash Content Between Groups 2.747 4 0.687  27.48 <0.0001 Highly Significant
Within Groups 0.25 10 0.025

Fixed Carbon Between Groups 28.9 4 7.225 57.8 <0.0001 Highly Significant
Within Groups 1.25 10 0.125

Calorific Value Between Groups 6.487 4 1.622  54.07 <0.0001 Highly Significant
Within Groups 0.3 10 0.03

3.2.2 Combustion Performance

The ANOVA for mechanical properties is presented in Table 6. The inferential analysis for mechanical
properties showed an exceptionally strong effect of the blend ratio. All three parameters: Bulk Density
(F=1200.47, p <0.001), Compressive Strength (F=360.7, p <0.001), and Durability Index (F=708.71, p
< 0.001) were highly significantly different across the groups. The massive F-ratio for Bulk Density

(1200.47) suggests that the blend ratio is the overwhelmingly dominant factor controlling the density of

the briquettes. This statistical confirmation validates the descriptive observation that the 25:75 blend is

mechanically superior.
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Table 6: Analysis of Variance for Combustion Performance

Parameter Variation SS df MS F-value p-value Significance (¢=0.05)
Ignition Time Between Groups 1800 4 450 112.5 <0.0001  Significant

Within Groups 40 10 4
Burning Rate Between Groups  0.0012 4 0.0003 75 <0.0001  Significant

Within Groups 4e-05 10 4e-06

Thermal Efficiency = Between Groups  56.7 4 14.18 157.5 <0.0001  Significant

Within Groups 0.9 10 0.09

3.2.3 Mechanical Properties

The ANOVA for the practical combustion performance metrics is presented in Table 7.

The practical performance tests also yielded highly significant differences across all parameters: Ignition
Time (F=112.5, p <0.0001), Burning Rate (F= 75, p <0.0001), and

Thermal Efficiency (F= 157.5, p < 0.0001). The highest F-ratio for Thermal Efficiency (157.5)
statistically validates the descriptive finding that the blend ratio is the most influential factor in achieving
optimal energy transfer during combustion.

Table 7: Analysis of Variance for Mechanical Properties

F- p-

Property Variation SS df MS Significance
value value

Bulk Density Between 80688.86 5 16137.77 120047 <0001  Llghly
Groups Significant
Within Groups ~ 364.41 30.37 12

Compressive Between Highly

Strength Groups 1.3 > 0.26 360.7 <0.001 Significant
Within Groups ~ 0.005 12 0.0004
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Durability Index Between 59457 5 11891 70871 <0001  hghly
Groups Significant
Within Groups ~ 20.14 12 1.68

4.0 DISCUSSION

The primary objective of this research was to produce and characterize bio-briquettes derived from
blended carbonized millet husks and corncobs, specifically targeting their application as a sustainable fuel
alternative for local stoves in the Ashaka district of Gombe State, Nigeria. The study addressed the critical
energy poverty in the region, where over 83% of the population lacks access to clean cooking
technologies (World Bank, 2021). By valorizing locally abundant agricultural residues, the research
successfully demonstrated a pathway to mitigate deforestation and reduce the health risks associated with
traditional biomass fuels (Nduka & Akinbami, 2021; Oladeji, 2012).

The experimental phase involved the carbonization of millet husks and corncobs, resulting in char yields
of 28.5% and 33.0%, respectively. These yields are consistent with recent findings in similar studies. The
characterization results revealed significant variations in combustion and mechanical properties across
different blend ratios. The 50:50% blend consistently showed superior combustion performance,
characterized by a high calorific value and thermal efficiency, and a short ignition time. This can be
attributed to the balanced composition of millet husks and corncobs, which likely optimizes the volatile
matter release and fixed carbon content for efficient burning. The lower ash content in this blend also
contributes to cleaner combustion and higher energy yield.

Conversely, the 25:75% blend exhibited the best mechanical properties, including high bulk density,
compressive strength, and durability. This suggests that a higher proportion of corncobs, with their
specific lignocellulosic structure, contributes to a more robust briquette matrix, enhancing its resistance to
breakage during handling and transportation. The trade-off observed between optimal combustion and
mechanical properties is a critical finding, indicating that briquette formulation needs to consider the
primary application and user requirements. For instance, briquettes intended for long-distance transport
might prioritize mechanical strength, while those for immediate local use might prioritize combustion
efficiency.

The practical combustion tests in local stoves further validated these findings, demonstrating that the
optimized blends provide a cleaner and more efficient combustion profile compared to traditional fuels.
This supports sustainable land-use and climate mitigation strategies (World Bank, 2023; UNIDO, 2020).
The study's findings align with the broader literature on biomass briquetting, which emphasizes the
importance of feedstock characteristics, pre-treatment methods, and blending ratios in achieving desired
fuel properties (Obi et al., 2014; Ibitoye et al., 2022).

CONCLUSION

The research successfully produced bio-briquettes from carbonized millet husks and corncobs using a
locally fabricated kiln and simple briquetting equipment. The combustion analysis identified the 50:50
blend ratio as the optimal formulation for cooking applications, delivering the highest calorific value
(27.50 MJ/kg), fixed carbon (70.23%), and thermal efficiency (30.5%), along with the shortest ignition
time. These properties make the 50:50 blend a clean, efficient alternative to traditional firewood and
charcoal.

Mechanical testing showed that the 25:75 blend achieved superior density, compressive strength, and
durability, though the 50:50 blend still met or exceeded commercial briquette standards. Overall, the
50:50 blend is recommended for household use in the Ashaka district, as it balances excellent combustion
performance with adequate mechanical integrity. The study confirms that blending carbonized millet
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husks and corncobs provides a sustainable, locally sourced fuel solution that addresses energy poverty,
reduces deforestation, and supports cleaner cooking. This research successfully addresses the identified
gap by providing scientifically characterized, locally sourced bio-briquettes tailored for local stove
applications.

RECOMMENDATIONS
Based on the comprehensive findings of this study, the following recommendations are made to support
the practical implementation and further development of bio-briquette technology:
1  Establish small-scale briquette production units in the Ashaka district to provide affordable fuel
and create employment opportunities for the local community.
2 Future research should investigate the use of alternative local binders, such as gum Arabic or
clay, to further optimize the cost-to-performance ratio of the briquettes.
3 Conduct community-based demonstrations and awareness programs to educate households on the
health and environmental benefits of switching to bio-briquettes.
4 Implement long-term field trials using various types of local and improved cookstoves to monitor
the real-world performance and durability of the briquettes.
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