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ABSTRACT: This research investigates the design and evaluation of a tapered screw-type triple extruder briquetting machine,
focusing on improvements in biomass processing efficiency and briquette quality. The theoretical framework is based on
principles of mechanical engineering and renewable energy technology, emphasizing the significance of optimizing
operational parameters such as revolutions per minute (RPM). A comprehensive methodology was employed, varying RPM
settings at 30, 40, and 50 RPM to evaluate their effects on physical properties and throughput capacity. Key results revealed
that an RPM of 30 achieved the highest efficiency, producing briquettes with a bulk density of 0.568 g/cm3, shatter index values
below 10% (specifically 1.54%), and water absorption rates of 14%, indicating robust mechanical integrity. The throughput
capacity was observed to peak at 147 kg/hr at the optimal RPM, while higher RPMs resulted in decreased briquette quality due
to increased brittleness and lower density. These findings underscore the potential advancements in biomass briquetting
technology, showcasing a pathway to enhance energy sustainability through better resource utilization.

I. INTRODUCTION

Biomass is a vital renewable energy source that reduces
reliance on fossil fuels by utilizing organic materials such as
agricultural waste and forestry residues. Its use promotes
environmental  sustainability, lowers greenhouse gas
emissions, supports waste management efforts, enhances
energy security, and contributes to rural development [1, 2].
Among the many biomass conversion technologies,
briquetting has gained significant attention as it transforms
loose biomass into high-density, compact fuel forms that are
easier to store, transport, and utilize [3]. Charcoal briquettes,
in particular, are recognized for their efficient thermal output
and potential as sustainable fuel alternatives. Their energy-
generating capacity—measured through calorific value—
varies based on raw material composition and production
methods. For instance, briquettes made from agricultural
wastes can reach calorific values as high as 5154.58 kcal/kg
[4]. The incorporation of starch-based binders and inorganic
fillers has been shown to enhance both the physical integrity
and combustion performance of the briquettes, improving
ignition characteristics and overall heat release efficiency [5].
As such, charcoal briquettes are increasingly being promoted
as viable substitutes for conventional fossil fuels like coal due
to their comparable energy potential and environmental
advantages. Various technologies are available for producing
biomass briquettes, each offering distinct advantages
depending on the scale of production and type of feedstock.
Manual die compressors are commonly used in small-scale or
low-resource settings, while piston-type hydraulic presses are
preferred for producing high-density briquettes with
consistent quality. In commercial applications, roller presses
and die-based systems, such as ring die and flat die machines,
are utilized to produce briquettes in specific shapes and sizes
suitable for diverse combustion needs [6, 7].

Among the widely adopted technologies, screw-type
extrusion has gained attention for its ability to deliver
uniform and durable briquettes across a wide range of
biomass materials [8]. These technologies continue to evolve
to improve production efficiency, product quality, and
adaptability to different biomass resources, supporting the

broader goal of sustainable energy development. Single screw
extrusion is an efficient and reliable drying technology for
briquetting applications. It features a simple design capable
of generating high pressure, allowing effective compaction of
viscous and dense materials. This continuous process
supports long production runs with stable operating
conditions and consistent product quality [9]. Its operational
characteristics also enable uniform material dispersion,
making it suitable for shaping briquettes with desirable
mechanical properties. Additionally, the process is associated
with lower energy consumption and simplified system
control, which supports scalable and steady briquette
production. The tapered screw type extrusion system is a
specialized form of single screw extrusion designed to
optimize the briquetting process through a gradually
decreasing screw diameter from the feed zone to the
discharge zone [10, 11]. This tapering facilitates progressive
compression of the material, enabling the formation of high-
density briquettes with improved structural integrity and
combustion performance. The tapered screw design is
intended to improve progressive compression and material
flow, which may help reduce process instability and support
efficient briquette formation [12]. Additionally, Optimized
screw design and operating conditions can influence torque
demand, throughput, and energy-use behavior in brigquetting
systems. Recent studies on screw-type briguetting machines
and related technoeconomic analyses indicate that screw
geometry and speed affect power requirement, briquetting
efficiency, and energy consumption rate, but reduced energy
use should be treated as a design-dependent outcome rather
than as an automatic feature of all tapered screw systems
[13]. The extended residence time within the extruder also
supports more effective mixing of additives or binders,
making the tapered screw type extrusion system a versatile
and energy-efficient approach for producing consistent, high-
quality briquettes from diverse feedstock materials. The
tapering nature of the screws facilitates improved flow
dynamics, which aids in reducing the energy consumed
during processing and enhancing overall production rates of
briquettes.
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This study focuses on the design and fabrication and
performance evaluation of a tapered screw-type triple
extruder briquetting machine equipped with independently
controlled barrels, with the goal of enhancing production
efficiency, improving briquette quality, and promoting
sustainable energy practices. Biomass briquetting—
particularly from agricultural and food industry waste—is
increasingly recognized as an effective strategy for waste
valorization and renewable energy generation, offering both
environmental and economic benefits by reducing reliance on
fossil fuels [14, 15]. The use of a tapered screw design
facilitates gradual compression of biomass materials,
resulting in higher-density briquettes and reduced energy
consumption [16, 17]. Integrating multiple screws with
independently operated barrels allows for precise control over
critical processing parameters such as pressure, temperature,
and mixing, thereby increasing throughput capacity and
enabling the consistent processing of various biomass types.
To evaluate the performance of the developed machine, the
study examined the effects of different screw revolution per
minute (RPM) settings on productivity and briquette quality,
using metrics such as shatter index, bulk density, and
resistance to water absorption.

Findings from this research will contribute to advancements
in biomass briquetting technology by addressing design and
operational inefficiencies. These insights could lead to
innovative solutions for large-scale sustainable energy
production, reinforcing biomass as a key player in the
renewable energy landscape. By improving machine
efficiency and briquette quality, this study supports the
broader goal of making biomass energy production more
economically viable and environmentally sustainable.
Moreover, this research aligns with the United Nations
Sustainable Development Goals (SDGs), particularly SDG 7
(Affordable and Clean Energy), SDG 12 (Responsible
Consumption and Production), and SDG 13 (Climate Action),
by promoting cleaner energy sources, enhancing resource
efficiency, and reducing environmental impact [18].

Il. MATERIALS AND METHODS

11.1 DESIGN OVERVIEW

Figure 1 shows the isometric view of the briquetting machine.
It was designed with high-strength materials designed to
ensure durability and operational efficiency. The hopper (1)
is fabricated from 5mm thick mild steel, providing structural
integrity. The tapered extruders (2) are equipped with a 25
mm diameter shaft made from mild steel, supporting the
mechanical functions of the system. A 220V photoelectric
sensors (3) were integrated into the system for precise
control. The cutter (4) was constructed from 2mm mild steel.
The catch pan (5), made of 5mm mild steel, was used for
material collection. Swivel caster wheels (6) with locks are
installed to provide both mobility and stability. The air
compressor (7) has a 30L capacity, powered by a 220V
electrical supply. The electric motor (8), rated at 1.5 HP and
1740 RPM, delivers consistent power. The frame (9) consists
of 2-inch angle bars, offering solid support for the machine’s
components. The control panel (10), with dimensions of
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40cm x 20cm x 30cm, served as the interface for machine
operation.

1.2 PRINCIPLE OF OPERATION

As demonstrated in Figure 1. The machine employed a
screw-type extrusion mechanism to compact pretreated
biomass, mixed with organic binders such as corn starch and
molasses, into dense, uniform briquettes. The process begins
with manual feeding of the biomass-binder mixture through
the hopper into the machine. Once the hopper is filled, the
electric motor powers the screw extruder through a belt and
gear reducer, while a variable frequency drive is used to
regulate motor speed and adjust the revolutions per minute of
the screw during operation. At the outlet, a pneumatically
actuated cutting mechanism trims the extruded briquettes to
the desired length. A photoelectric sensor was also integrated
into the system to detect and count the briquettes as they pass
through the discharge section. This sensor-based system
provides real-time monitoring and process control, ensuring
precise tracking and enhancing the efficiency of the
briquetting process. The combination of manual feeding,
precise speed control, automated cutting, and sensor-based
counting guarantees consistent, high-quality briquette
production.

Figure 1. Isometric Layout of Setup Source: Authors, (2025)

11.3 DESIGN CALCULATION
Design of the hopper. The volume of the hopper is calculated
using equation (1) [19]

V== xhx (A + 4,4 +4, 1)
Where V = volume of the hopper in (m®); A, = area of the top
in (m%); A, = area of the hopper base in (m® and H = height
of the hopper in (m). The volume of the hopper was
calculated to be 0.0403 cubic meters.

Design of the cylindrical casing. The volume of the casing is
calculated using equation 2.

VCasing = Z_h(Rz + Rr + 7,.2) 2
Where V = volume of the cylindrical casing in (m?); R=
radius of large diameter in (m3); r=radius of small diameter in
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(m*) and h = Height of the frustum (or the length of the
tapered cylinder) in (m). The volume of the casing was
calculated to be 0.00139795 cubic meters.
Design of the die. Volume of die is calculated using equation
3. [20].

Vaie = mr’h 3)
Where V = volume of the die in (m®); r=radius of the base of
the cylinder in (m® and h = Height of the cylinder (or the
length of the cylinder) in (m). The volume of the casing was
calculated to be 2.30126x10° cubic millimeters.
11.4 ELECTRICAL SYSTEM DESIGN
Figure 2 illustrates the electro-pneumatic control system
integrating  electrical, pneumatic, and  sensor-based
automation components to operate a double-acting pneumatic
cylinder and an electric motor drive. The system was
designed to enable precise, automated motion control by
combining advanced sensing capabilities, reliable switching
mechanisms, and robust safety features.

Figure 2. Electrical Diagram of the System Source: Authors,
(2025)

11.5 FABRICATION AND ASSEMBLY

The fabrication and assembly of the briquetting machine were
executed at the fabrication and welding shop of USTP Jasaan
campus, utilizing a combination of welding, fastening, and
bolting techniques to ensure structural integrity and
operational reliability. The frame, constructed from 2-inch
angle bars, provides a robust foundation for the machine. A
5mm mild steel hopper was mounted on the frame to hold the
material for briquetting. The extruder, with a 20mm diameter
shaft made of 5mm mild steel, was welded into position and
responsible for compressing the raw material into briquettes.
Following the extrusion process, a 220V photoelectric sensor
was installed to detect the passage of the output briquette.
This sensor signals the cutter to automatically trim the
briquette to the desired length, ensuring precision and
efficiency. The cutter, constructed from 2mm mild steel, was
welded into place to perform the trimming function. A catch
pan, made from 5mm mild steel, was secured below the cutter
to collect the finished briquettes. To ensure mobility and
stability, the machine is equipped with four swivel caster
wheels with locks. An air compressor and a 1.5 Hp electric
motor are mounted to provide the necessary airflow and
power for the briquetting process. The motor was securely
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fastened to the frame to drive the extruder and other
components. The control panel, positioned for easy access,
enables efficient operation of the machine. The fabrication
process emphasizes durability, precision, and ease of
operation, with the final assembly undergoing rigorous
testing to ensure optimal performance and reliability.

11.6 PERFORMANCE EVALUATION

The performance evaluation of the briquetting machine in this
study was focused on determining the optimum RPM for
efficient operation and assessing key physical properties of
the briquettes produced. These properties include shatter
resistance, water absorption, and bulk density, which are
critical in determining the quality and durability of the
briquettes [21, 22]. The study aims to identify the RPM that
maximizes the production of high-quality briquettes with
optimal physical characteristics. Following the determination
of the optimum RPM, the throughput capacity of the machine
is evaluated to assess its ability to meet production demands.
This section provides a comprehensive analysis of the
machine’s performance, ensuring its effectiveness in
producing durable and reliable briquettes while optimizing
operational efficiency.

11.6.1 Evaluation of Physical Properties of Briquettes at
various RPM

Briquettes were produced using charcoal as the primary
material, with corn starch and molasses serving as binders in
a 70:30 ratio. The charcoal powder was thoroughly mixed
with the binders to ensure a uniform consistency, facilitating
the necessary adhesive properties for shaping. This
uniformity assures that the briquettes can withstand the
physical stresses during compaction and subsequent handling
[23].The mixture was then fed into a briquetting machine and
compressed into uniform briquettes at varying machine
speeds of 30, 40, and 50 RPM. After production, the
briquettes were air-dried and then sun-dried prior to testing to
reduce their moisture content and improve handling and
combustion performance. Briquette production manuals
emphasize that finished briquettes should be dried to low
moisture levels to ensure mechanical strength, storage
stability, and satisfactory fuel behaviour. Traditional open
sun drying is widely used but can require several days to
reach acceptable moisture levels and is sensitive to weather
conditions; more controlled systems such as solar tunnel
dryers have been shown to reduce briquette moisture to
around 10% more efficiently. Practical guidance for charcoal
briquetting recommends targeting moisture in the
approximate range of 8-12%, since excessive moisture
produces soft, easily deformed briquettes and raises drying
costs, whereas overly low moisture can lead to cracking, dust
formation, and reduced mechanical integrity[24], [25], [26],
[27]. During the evaluation, each sample was replicated three
times to ensure the reliability and consistency of the results.
Evaluating the physical properties of briquettes produced at
different RPM levels is important for understanding how
machine speed influences product quality. Experimental
studies on screw-type and related briguetting systems show
that process parameters such as auger speed, feeding speed,
and temperature can significantly affect density, shattering
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resistance, moisture behavior, and other indicators of
briquette performance [28].

The evaluation of the physical properties of briquettes
produced at varying RPMs (30, 40, and 50) is essential in
understanding how machine speed affects the quality and
durability of the briquettes [29]. Standard testing procedures
are followed to assess shatter resistance, water absorption,
and bulk density—key indicators of briquette quality; For the
shatter resistance test, briquettes are subjected to controlled
impacts, allowing researchers to measure their ability to
withstand breakage. This is critical because higher shatter
resistance indicates enhanced mechanical integrity, which is
vital for handling and transportation. The water absorption
test involved immersing the briquettes in water for a specified
duration to measure their porosity, while bulk density is
calculated as the mass per unit volume, reflecting the
material's compactness and potential strength. These physical
characteristics are paramount in determining the application
and efficacy of briquettes as a fuel source.

Shatter Index

The durability of the briquettes was assessed using the shatter
index which determines the ability of briquettes to withstand
mechanical stress [30]. The formula for Sl is given in
equation (4),

SI = initia fina (4)
Winitial

where Wi,itiq: 1S the initial weight of the briquette sample (g)
and Wyiq is the weight after shattering (g). A lower
percentage of mass loss after impact suggests better
mechanical integrity and durability of the briquettes.

Water Absorption Test

Additionally, the absorption test evaluates the water
absorption capacity of briquettes, a crucial property that
affects their usability in different environmental conditions
[31]. This is calculated using the formula in equation (5),

AR = Wabsorbed (5)
Wdry

W bsorvea represents the weight of water absorbed
(9) and W,,,, denotes the dry weight of the briquette (g). High
water absorption may indicate susceptibility to degradation in
humid conditions, making this test essential for determining
briquette quality.
Bulk Density
The bulk density of briquettes reflects how tightly they are
compacted and is critical for evaluating their energy content
and handling characteristics. According to best practices, the
bulk density can be determined by placing the briquette in a
graduated cylinder of known volume, allowing for a direct
measurement of the volume occupied by the briquette [32,
33]. The formula for bulk density is by in equation (6):
Weight of Briquette,(kg) (6)
Volume of Briquette,(m3)
11.6.2 Throughput Capacity of the Machine
Throughput capacity refers to the ability of a briquetting
machine to process a specific amount of material within a

Bulk Density =
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given time frame, reflecting its efficiency and productivity.
This metric is essential for assessing the machine’s suitability
for large-scale operations. After determining the optimal
RPM, the throughput capacity of the machine was evaluated
by feeding a consistent amount of raw material into the
hopper and recording the time required for processing. The
output was then measured in terms of weight, and throughput
was calculated as the weight of briquettes produced per unit
of time. To ensure accuracy, the results were averaged across
three separate trials to account for variability and provide a
reliable measure of the machine's performance [34]. The
formula for throughput Capacity (Q) is given by in equation

():

M
t

Q= ()

where M represents the mass of biomass processed (kg), and
t is the time taken for processing.

I1l. RESULTS AND DISCUSSIONS
1.1 THE DEVELOPED BRIQUETTING MACHINE
Figure 3 shows the designed Tapered Screw-Type
Triple Extruder Charcoal Briquetting Machine. It is a triple
extrusion tapered screw type, featuring essential components
including a driving motor, speed reducer gearbox, tapered
screw, die/barrel, and housing with a hopper. Power
transmission from the motor to the screw is achieved through
the speed reducer. As the machine operates, raw materials are
fed into the compaction chamber via the hopper. Within the
barrel, the raw materials undergo compression by the screw
and are subsequently extruded through the die. The screw

persistently pushes the materials into the die for extrusion.

0T

Figufe 3. Dev-eloed briguetting fnaéhine Souréé? Aljt'hors,
(2025)

111.2 PHYSICAL PROPERTIES OF BRIQUETTES AT
VARIOUS RPM

Figure 4 shows the water absorption test results. As shown, as
RPM increases, so does the absorption rate, with values of
19.21% at RPM 30, 24.74% at RPM 40, and 29.44% at RPM
50. While higher RPMs likely enhance mechanical action,
leading to greater water interaction, these absorption rates
exceed the ideal threshold for biomass briquettes (10-20%).
Research suggests that briquettes with absorption rates below
15% maintain good mechanical properties and durability,
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while those above 20% may experience swelling,
degradation, and reduced combustion efficiency, negatively
impacting their performance as a fuel source [35].

Water Absorption Test
35

30
24,74

19.21

Absorption Test, in %

RPM 30 RPM 40 RPM 50

Revolution Per Minute

Figure 4. Water Absorption Testing Source: Authors, (2025)

The Shatter Index Test results in Figure 5 demonstrates that
the biomass briquettes possess strong mechanical durability,
with shatter index values of 1.54%, 2.79%, and 3.80% at
RPMs of 30, 40, and 50, respectively, all well below the 10%
threshold typically indicative of high durability. a shatter
index under 10% suggests that the briquettes have strong
resistance to impact and are less likely to fracture during
handling or combustion, These results align with that finding,
confirming the briquettes' resilience even at higher RPMs.
The briquettes exhibited low shatter-index values, indicating
strong resistance to breakage under the test conditions.
Additionally, briquettes with low shatter indices generate
fewer particulate emissions during combustion, improving
efficiency [36]. Factors such as biomass composition,
densification methods, and moisture content are crucial in
determining the shatter index [37]. The observed values
suggest that the tested briquettes are durable and suitable for
various applications without significant risk of fragmentation.

Shatter Index Test

5.00
4.50
4,00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Shatter Index in %

RPM 30 RPM 40

Rewolution Per Minute

RPM 50

Figure 5. Shatter Index Test Source: Authors, (2025)

Figure 6 presents the bulk density of biomass briquettes at
different RPM settings: RPM 30 (0.568 g/cm3), RPM 40
(0.547 g/lcm?3), and RPM 50 (0.528 g/cmd), showing a
decrease in bulk density with increasing RPM. This trend
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aligns with research that highlights the significant role of
bulk density in biomass briquettes, influencing transport
efficiency, energy content, and combustion performance [38].
Bulk density is typically within the range of 600 to 800 kg/m?3
in high-quality briquettes, with Bulk density is an important
indicator of compactness, handling behavior, and potential
fuel performance and efficient handling [39] . Studies by [40]
report a higher bulk density (0.87 g/cm3) for briquettes made
from a 40:60 charcoal to molasses mix, suggesting that
binders like molasses can significantly enhance bulk density.
Additionally, the findings of [41, 42] support the importance
of densification in overcoming logistical challenges
associated with low bulk density materials.

Bulk Density Test
0.590
0.580 0.968
0.570
0.560
0.550
0.540 0.928
0.530
0.520
0.510
0.500
0.490
0.480

0.547

Bulk Density, g/cu.cm

RPM 30 RPM 40

Revolution per Minute

Figure 6. Bulk Density Test Source: Authors, (2025)

RPM 50

Based on the results, RPM 30 was identified as the most
favorable operating condition for this machine because it
produced the best balance between throughput and briquette
quality under the tested conditions. Previous experimental
studies have shown that machine operating parameters such
as screw speed, feed conditions, and process settings
significantly influence briquette density, shatter resistance,
moisture-related behavior, and production performance. In
particular, studies on screw-type charcoal briquetting
machines have reported that auger speed affects output
capacity, energy consumption rate, briquetting efficiency,
density, moisture resistance, and shattering resistance,
indicating that different speed levels produce different trade-
offs between productivity and briquette quality. In the present
study, increasing RPM from 30 to 50 was associated with
lower bulk density and higher water absorption, which
suggests reduced compactness of the briquettes at higher
operating speeds. Accordingly, RPM 30 was selected as the
preferred setting for evaluating throughput capacity in this
machine [24]

Higher operating speeds may also increase the mechanical
demand on screw-based extrusion systems, but wear was not
directly measured in the present study. Previous work on
tapered screw briquetting and extruder wear has shown that
wear progression depends on loading conditions, abrasive
interaction, and operating configuration, and therefore wear
should be treated as an engineering consideration rather than
a direct outcome established by the current experiment.

111.3 THROUGHPUT CAPACITY OF THE MACHINE
Based on the shatter index, bulk density, and water
absorption results, RPM 30 was selected for the throughput
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evaluation because it offered the best observed combination
of product integrity and process stability under the
experimental conditions. The throughput capacity test at
RPM 30 resulted in an output of 147.5 kg/hr. These findings
indicate that, for this machine and feedstock, RPM 30
provided the most favorable operating point among the tested
speeds [43].

IVV. CONCLUSIONS

This study has successfully evaluated the performance of a
tapered screw-type triple extruder briquetting machine aimed
at optimizing biomass briquette production. The findings
underscore the critical influence of operational parameters,
particularly revolutions per minute (RPM), on the physical
properties and throughput capacity of the briquettes
produced. Notably, the evaluation revealed a substantial
correlation between RPM settings and briquetting outcomes;
specifically, an RPM of 30 yielded the highest quality
briquettes with superior shatter resistance, lower water
absorption, and optimal bulk density, measured at 0.568
g/cm3. Conversely, increasing the RPM to 50 resulted in a
marked decrease in bulk density to 0.528 g/cm3® and
diminished briquette integrity, substantiating the observation
that excessive speeds impose undue strain on the material,
leading to brittleness and lower overall quality of the
briquettes. The study's results confirmed that briquettes
exhibiting a shatter index lower than 10% signified robust
performance and minimized transport losses, thus enhancing
their practical appeal in commercial applications. This
research recommends that further investigations explore the
scalability of the tapered screw design for broader
applications in biomass briquetting. Moreover, advancing
equipment technology to maintain lower energy consumption
while improving procedural efficiency could enhance the
operational viability of biomass briquetting systems in the
renewable energy landscape.
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