


Experimental Evaluation of Calorific Value, Combustion Behavior, and Energy Efficiency of Rice Husk Briquettes for Agro-Processing



Abstract	Comment by Moyasar Service: The abstract should contain the objectives of the study in brief, the most important results, and important conclusions.
This study explores the potential of rice husk briquettes (RHB) as an alternative fuel for cassava processing. Rice husks were compressed using a screw-press extrusion system, and their energy performance was evaluated by calorimetry and combustion testing. An Adobe SMART Stove was used for practical cassava-flaking tests. The briquettes had calorific values of 14.79–15.56 MJ/kg, operational temperatures of 615–710 °C and a reported combustion efficiency of 70%, compared with 16.2 MJ/kg, 850 °C and 80% for fuelwood. In cassava-flaking trials using 5 kg of sieved cassava per test, the reported processing time was 15 min for both fuels, while fuel consumption was 3 kg for the briquettes and 5 kg for fuelwood. Because the two fuels were tested in different stove arrangements, the fuel-consumption difference cannot be attributed to fuel properties alone. The results nevertheless demonstrate the technical potential of densified rice husk as a solid fuel for rural agro-processing and provide a basis for further controlled comparisons.
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INTRODUCTION	Comment by Moyasar Service: Add a paragraph concerning calorific values and combustion efficiency, using the digital data of the plant residues in previous studies that are used for similar purposes for comparison.
[bookmark: _lsqoz0kbveaf]Cassava (Manihot esculenta) processing plays a crucial role in many tropical and subtropical regions, where the crop serves not only as a major staple food but also as an important source of income for rural households (Borku, 2025). The transformation of cassava roots into products such as cassava flakes (gari) involves several processing stages, including peeling, grating, dewatering, sieving, and roasting or flaking (Ngoualem Kégah and Ndjouenkeu, 2023; Clearinghouse, 2022). Among these steps, flaking is one of the most energy-demanding processes because it requires a steady and reliable heat supply to properly gelatinize and dry the cassava mash (Hans et al., 2023). In most rural communities, this heat is traditionally generated using biomass fuels such as firewood or charcoal.	Comment by Moyasar Service: Not exist in the references list.	Comment by Moyasar Service: Where is the reference for this sentence? It should be added.
However, the heavy reliance on firewood for cassava flaking presents serious environmental and socio-economic challenges. Continuous harvesting of fuelwood contributes to deforestation, biodiversity loss, and unsustainable land use (Girma and Shimeles, 2025). In addition, burning firewood releases greenhouse gases and particulate matter that contribute to climate change and air pollution (Łaska and Ige, 2023). The smoke produced during the flaking process also poses health risks to processors, especially women who are predominantly involved in small-scale cassava processing activities (Adeshina, 2024; Adeniyi et al., 2024; Agoh et al., 2024). These challenges highlight the need to explore cleaner, more sustainable energy alternatives for cassava processing (Iyiola, 2023).
In recent years, growing attention has been directed toward the use of agricultural residues as renewable biomass energy sources. One such residue is rice husk, a by-product of rice milling that accounts for about 20% of the harvested rice grain (Chieng and Kuan, 2022; Chavan et al., 2024). Large quantities of rice husk are generated globally each year and are often treated as waste or disposed of through open burning, which contributes to environmental pollution (Singh et al., 2021; Kesari and Jamal, 2017). Nevertheless, rice husk contains considerable energy potential and can be converted into briquettes through densification processes, thereby improving its fuel quality and usability (Sithole et al., 2023; Vijaya et al., 2025; Yunusa et al., 2025).	Comment by Moyasar Service: each year globally
Rice husk briquettes (RHB) are compacted biomass fuels with higher energy density, improved combustion characteristics, and easier handling compared to loose agricultural residues (Ali et al., 2024; Yank et al., 2016). Because they are renewable and widely available, RHB have gained attention as a promising alternative fuel for thermal applications in agro-processing industries (Kapoor and Sillanpää, 2025; Vishnu Priyan et al., 2024). Their use in cassava flaking could reduce dependence on firewood, lower environmental impacts, and promote more sustainable energy use within rural agricultural value chains (Asante, 2022; Tshimungu et al., 2026).
The use of different biomass fuels in food processing applications offers advantages such as renewability and environmental sustainability (Kataya et al., 2023; Gheidan et al., 2021). However, challenges related to fuel properties characterization and potential competition with food production need to be addressed to ensure the efficient and sustainable integration of biomass energy into food processing operations (Khalil and DanielRos, 2025; Mignogna et al., 2024).
Therefore, this study focuses on producing briquettes from rice husk and evaluating their thermal performance by determining the heat energy output generated during combustion. The study also examines the feasibility of integrating rice husk briquettes as an alternative energy source for cassava flaking. By converting agricultural waste into a useful energy resource, this research aims to improve energy efficiency, promote sustainable cassava processing, and contribute to environmental protection and rural economic development.	Comment by Moyasar Service: and maintain eco- forestry

METHODOLOGY
Experimental Design and Study Location
This study used an experimental approach to evaluate the performance of rice husk briquettes as an alternative fuel for cassava processing. Rice husk was obtained from a local rice-milling centre in Wukari, Taraba State, Nigeria. The cassava used for the processing trials was the TMS 30572 variety, harvested at approximately 9 months of age. The rice husk was manually sorted to remove stones, foreign matter and other visible impurities, then spread in a clean open area and sun-dried for three days. Moisture loss during preparation was monitored gravimetrically. For oven-based moisture determination, representative samples were dried at 105 °C to constant mass. The dried samples were allowed to cool for 24 h before weighing and testing. Mass was measured with a digital analytical balance (Mettler Toledo, 0.0001 g sensitivity).	Comment by Moyasar Service: Are three days enough to dry rice husk completely? Should specify the drying period according to the dryness of a representative sample in an oven at 105 C and then accordingly determine the time of drying the rice husk.
Rice Husk Briquette Production
Briquette production was carried out using a screw-press extruder-type briquetting machine (Figure 1) powered by a 7.5 hp, 380 V electric motor operating at about 970 rpm and fitted with three 5 kW heating coils. The heating coils maintained die-barrel temperatures between 300 and 330 °C, which softened the natural lignin in the rice husk and promoted particle binding as the material passed through the die. The resulting briquettes were produced in hexagonal form, cooled for 24hrs and stored in a ventilated, moisture-free room.
[image: ]
Figure 1: Screw press extruder-type briquetting machine used for rice husk briquette production.
Calorific Value and Combustion Monitoring
Calorific values were determined with an IKA C 2000 oxygen bomb calorimeter using dried samples and the instrument's combustion-calorimetry procedure. Operational temperature, DC current and burning time were monitored separately in a forced-air combustion arrangement consisting of a DC power supply, an ammeter, a blower and a K-type thermocouple. The ammeter recorded the DC current supplied to the blower, while a stopwatch was used to record burning time.
Adobe SMART Stove and Cassava-Flaking Test
An Adobe SMART Stove (Figure 2) was designed and built specifically for this research. The stove had a double-wall structure of locally produced adobe bricks, with outer and inner footprints of approximately 1.12 m × 1.12 m and 0.97 m × 0.97 m, respectively, separated by a 12.7 cm gap filled with a dry clay–sand mixture to trap heat and reduce heat loss. The inner combustion chamber was lined with galvanised metal sheeting and contained a mild-steel grate, a removable ash tray and a metal chimney, and a cast-iron plate served as the cooking surface. A 12 V DC fan installed at the air inlet supplied forced air to the combustion chamber and was powered by a photovoltaic system to keep the entire system running on renewable energy. The fan speed could be adjusted using a variable resistor, giving control over the burning rate and cooking temperature.
[image: ]
Figure 2: The completed Adobe SMART Stove, showing the double-wall adobe structure, the DC fan at the air inlet and the chimney.
To evaluate performance under practical processing conditions, fresh cassava roots of the TMS 30572 variety were weighed, peeled, washed with water from a solar-powered water pump, grated, dewatered and sieved to obtain a uniform mash. Each fuel test used 5 kg of sieved cassava. For the rice husk briquette treatment, the cassava was fried into flakes in the Adobe SMART Stove. For comparison, fuelwood was tested in an open setup representing the traditional processing arrangement. Fuel mass consumed, processing time and final product mass were recorded for each test. Each experimental condition was repeated five times. Data were entered and analysed using IBM SPSS Statistics, with descriptive statistics reported as mean ± standard deviation. Where inferential comparisons were appropriate, statistical significance was assessed at P < 0.05.
RESULTS AND DISCUSSION
Production of the rice husk briquettes, determination of their heat energy output, and comparison of their energy efficiency with traditional fuelwood in cassava processing were carried out as described in the Methodology section. Data were collected on energy input, processing time and product quantity to assess the benefits of using rice husk briquettes in place of traditional fuel.
Physical Characteristics of the Rice Husk Briquettes
The results of the briquette production are presented in Table 1.
Table 1:  Rice Husk Briquette Production
	Parameter
	Sample

	Initial rice husk weight(Kg)
	1.25

	Pressure applied )
	6×

	Briquette weight (Kg)
	1.0



The results presented in Table 1 show the mass conversion of 1.25 kg of rice husk into briquettes at an applied pressure of 6x109 Nm-2. The initial weight of rice husk used in the experiment was 1.25 kg. 
The applied pressure gave a briquette weight of 1.0 kg. This shows that approximately 80% (1.0/1.25 × 100%) of the initial rice husk weight was retained in the briquette form, a mass loss of about 20%. The application of pressure is necessary for the process as it compacts the loose rice husk particles into solid briquettes, and the magnitude of pressure required depends on the cohesiveness and density of the material. The mass loss is attributed to moisture loss during heating and to fine particles that did not compact effectively, which is consistent with the literature (Saeed et al., 2021). Because the husk was sun-dried and not oven-dried, the loss reflects moisture and fines together and is not an absolute moisture content.	Comment by Moyasar Service: In future, the period of sun drying should be increased to obtain the actual rice husk weight without any loss, and simultaneously increase the compaction of the rice husk briquettes to make them more compact.
Calorific Value and Combustion Behaviour
The heat energy output of the rice husk briquettes is shown in Table 2, which lists the calorific value, burning time, operational temperature and the DC current supplied to the blower that regulated the air supply to the combustion chamber.








Table 2: Heat Energy Output Determination of Rice Husk Briquettes (five repeated experimental conditions)
	Rice Husk Briquettes (kg)
	Calorific Value (MJ/kg)
	Burning Time (min)
	Operational Temperature (°C)
	Current(I) DC (A)

	5
	14.79
	15 ± 2
	615 ± 60
	1.5

	5
	14.83
	13 ± 2
	630 ± 62
	1.8

	5
	15.10
	13 ± 2
	655 ± 65
	2.3

	5
	15.12
	12 ± 2
	682 ± 68
	2.5

	5
	15.56
	12 ± 2
	710 ± 70
	2.7



Table 2 presents the calorific values of the rice husk briquettes, which ranged from 14.79 to 15.56 MJ/kg, with a small increase across the trials. The calorific value was determined by bomb calorimetry, whereas the operational temperature and DC current were recorded in a separate forced-air combustion arrangement; the trend of calorific value with these operating parameters is therefore an association and should not be taken to mean that the operating conditions changed the intrinsic energy content of the fuel. The values are lower than, but of the same order as, those reported for rice husk briquettes in previous studies (Yank et al., 2016; Saeed et al., 2021). The highest value obtained (15.56 MJ/kg) is about 12% lower than the 17.688 MJ/kg reported by Saeed et al. (2021) for rice husk briquettes produced at controlled moisture content with a kraft lignin binder. Such differences can be attributed to feedstock composition, moisture condition, binder and production conditions, as well as the fixed carbon and volatile matter content of the fuel, since the calorific value of a solid fuel depends largely on its carbon content and proximate composition.	Comment by Moyasar Service: Should mention factors that caused the change in calorific value that are related to the rice husk briquettes themselves.
As observed in Table 2, the burning time decreased slightly from 15 ± 2 minutes to 12 ± 2 minutes as the operational temperature and the DC current supplied to the blower increased. This suggests that a higher air supply and temperature accelerate the combustion process and shorten the burning time. However, the burning times of adjacent trials overlap within their stated uncertainty (± 2 min), so this trend should be regarded as indicative.
Figure 3, shows an inverse relationship between the calorific value of the briquettes and their burning time: briquettes with higher calorific values burned for a shorter time. The present measurements do not independently establish the fuel-property mechanism responsible for this relationship. A shorter burning time is often associated with a higher volatile matter content, because volatiles such as tars and other hydrocarbons are combustible and have a low flash point. Ignition time was not measured in this study, but according to Sani et al. (2019), briquettes with a short ignition time raise safety concerns during storage because the risk of ignition and fire is increased; caution must therefore be taken to keep briquettes free from sparks and extreme heat. The longest burning time, 15 ± 2 minutes, may be influenced by factors such as the duration of initial combustion, adhesion between briquette particles, and ventilation during and after combustion.	Comment by Moyasar Service: Not exist in references list

Figure 3. Relationship between calorific value and burning time of rice husk briquettes	Comment by Moyasar Service: Mention the value of R2 of the regression equation in this figure and discuss it in the text.
Table 2 shows a progressive increase in operational temperature from 615 ± 60 °C to 710 ± 70 °C. The mean operational temperature was approximately 658 °C. The temperature increase coincided with an increase in DC current from 1.5 to 2.7 A. This is consistent with the operation of the forced-air system: increasing the electrical drive to the blower increased air movement through the combustion chamber, which supported combustion and raised the measured temperature. Because airflow rate was not measured directly, the DC current should be regarded as a control indicator rather than a direct airflow measurement. A K-type thermocouple was used for temperature measurement.
From Table 2, the smallest measured calorific value was 14.79 MJ/kg, while the highest was 15.56 MJ/kg. These values were obtained from the bomb-calorimetry measurements and should be interpreted primarily as fuel-property measurements rather than consequences of the operating temperature. Differences among briquette samples may reflect variation in feedstock composition, moisture condition and densification history; however, these factors were not independently quantified in the present experiment. Figure 4, further shows that increasing DC current was associated with increasing operational temperature because the blower supplied progressively stronger forced air to the combustion chamber. The trend therefore supports the use of blower control as an operational means of regulating combustion intensity within the tested range.	Comment by Moyasar Service: Which fuel properties? Mention them.

Figure 4. Relationship between operational temperature and DC current supplied to the blower	Comment by Moyasar Service: Mention the value of R2 of the regression equation in this figure and discuss it in the text.




Comparative Thermal Performance of Rice Husk Briquettes and Fuelwood
Table 3:  Heat Energy Output Determination between fuelwood and rice husk briquettes
	Parameter 
	Rice Husk Briquette
	Fuelwood

	Sample Weight (kg)
	1
	1

	Calorific Value (MJ/kg) 
	14.8
	16.2

	Burning Time (min)
	15
	15

	Maximum Temperature Achieved (°C) 
	780
	850

	Combustion Efficiency (%)
	70
	80


					
Table 3 compares the heat energy output of fuelwood and rice husk briquettes, which allows the performance of the two energy sources to be evaluated. Fuelwood showed a slightly higher calorific value (16.2 MJ/kg) than the rice husk briquettes (14.8 MJ/kg), indicating that it can release more energy per unit mass; however, the difference is modest (about 9%), which suggests that rice husk briquettes are a competitive alternative. Both fuels had an equal burning time of 15 minutes, showing similar combustion durations under comparable conditions, so the briquettes can match fuelwood in sustaining heat over time. The rice husk briquettes attained a maximum temperature of 780 °C while fuelwood reached 850 °C, so fuelwood gave a slightly higher heat intensity; nevertheless, the briquettes reached temperatures sufficient for most heating applications, including cooking. The combustion efficiency of the rice husk briquettes was 70%, compared with 80% for fuelwood. The higher efficiency of fuelwood may be related to its composition and higher energy density. However, the efficiency of the rice husk briquettes (70%) is encouraging, considering that they are a renewable and environmentally friendly by-product.
Table 4: Cassava Processing Comparison
	Parameter 
	Rice Husk Briquette
	Fuelwood

	Initial Cassava Weight (kg) after sieving             
	5
	5

	Processing Time (min) (i.e frying time)
	15
	15

	Fuel Consumption (kg)
	3
	5

	Final Product Weight (kg)
	Not available
	Not available



Table 4 compares the performance of rice husk briquettes and fuelwood in cassava flaking. Both methods used 5 kg of sieved cassava per test. The reported frying time was 15 minutes for both fuels. Rice husk briquettes consumed 3 kg of fuel compared with 5 kg for fuelwood, a 40% lower fuel consumption by mass. This difference should not be interpreted as a 40% improvement in energy efficiency because the fuels have different calorific values and were tested in different stove arrangements (the Adobe SMART Stove for briquettes and an open fuelwood setup). The final-product mass is not recalculated here because the available source data in the manuscript were based on the earlier 2 kg cassava test and therefore cannot be transferred to the revised 5 kg test without the original raw measurements.
CONCLUSION	Comment by Moyasar Service: Rewrite conclusions as conclusions, not as results, and it is not necessary to write result values.
Write all conclusions, not just these.
The findings indicate that rice husk briquettes can provide a practical alternative fuel for cassava processing under the conditions tested. The briquettes had calorific values of 14.79–15.56 MJ/kg and produced operational temperatures of 615–710 °C in the forced-air combustion system. In the cassava-flaking trial, the briquettes and fuelwood produced the same reported processing time of 15 min, while the reported fuel consumption was 3 kg and 5 kg, respectively. Because the two fuels were tested in different stove arrangements, the observed fuel-consumption difference should not be interpreted as a fuel-only efficiency advantage. Nevertheless, the results demonstrate the technical potential of rice husk densification for converting an agricultural residue into a usable solid fuel for rural agro-processing.
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Graph of Operational Temperature VS DC Current (I)
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