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Abstract –Nigeria faces dual challenges of rapid deforestation and widespread energy poverty, particularly 

in rural communities where over 70% of households rely on traditional biomass for cooking. This study 

investigates the potential of biomass briquettes produced from agricultural and livestock waste cow dung, rice 

husk, palm kernel shell (PKS), empty fruit bunches (EFB), and date seed as sustainable alternatives to 

fuelwood. Five briquette samples were produced using a hydraulic press with cassava starch as binder (10% 

w/w) and characterized for their physical and thermal propert ies. The PKS briquettes exhibited the highest 

calorific value (19.45 MJ/kg), followed by date seed (18.32 MJ/kg), EFB (17.28 MJ/kg), rice husk (15.67 

MJ/kg), and cow dung (14.23 MJ/kg). Moisture content ranged from 6.2 wt% to 8.9 wt%, while bulk density 

varied between 520 kg/m³ and 780 kg/m³. All briquette samples demonstrated suitable combustion 

characteristics, with burning times ranging from 45 to 68 minutes per kilogram. The proximate analysis 

revealed that PKS and date seed briquettes had the lowest ash content (3.2 wt% and 4.1 wt%, respectively), 

making them particularly attractive for domestic cooking applications. 

 

Keywords: Biomass briquettes, deforestation, energy poverty, agricultural waste, sustainable 

cooking fuel, Nigeria 

 

Received: 30/03/2026 – Revised: 16/05/2026 – Accepted: 03/06/2026 

 

I. Introduction 

 

The world is seriously searching for an alternative to 

fossil fuels due to their tremendous environmental effect. 

However, renewable energy sources such as solar, wind, 

hydropower, and biomass were anticipated to be 

alternative energies. Renewable energy sources such as 

small hydropower, solar, wind, geothermal and biomass 

have presently contributed 14% of total world energy 

consumption, of which 62% is biomass [1]. Energy 

poverty remains one of the most pressing developmental 

challenges facing sub-Saharan Africa, with Nigeria being 

no exception. Approximately 93 million Nigerians lack 

access to modern energy services, representing nearly 45 

% of the population [2]. In rural areas, this figure  

escalates to over 75 %, where households predominantly 

rely on traditional biomass primarily fuelwood and  

charcoal for cooking and heating [3]. This dependence on 

unsustainable biomass consumption has precipitated 

severe environmental degradation, with Nigeria 

experiencing deforestation rates estimated at 3.7 % 

annually, among the highest globally [4]. 

The convergence of energy poverty and environmental 

degradation creates a vicious cycle: as forests diminish, 

rural women and children who bear the primary 

responsibility for fuel collection must travel increasingly 

longer distances, sometimes exceeding 10 kilometers 

daily, to gather firewood [5]. This not only represents a 

significant time burden but also exposes vulnerable 

populations to safety risks and opportunity costs that 

could otherwise be invested in education or income-

generating activities. 

Nigeria generates over 227 million tonnes of agricultural 

waste annually, much of which remains underutilized or 

disposed of through open burning, contributing to air 

pollution and greenhouse gas emissions [6]. Major 

agricultural residues include rice husks from the nation's 

burgeoning rice industry, palm kernel shells and empty 

fruit bunches from extensive oil palm plantations, date 

seeds from northern cultivation zones, and cow dung 

from the country's substantial livestock sector [7]. These 
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biomass resources represent an untapped energy potential 

estimated at over 144 million tonnes of oil equivalent [8]. 

Briquetting is a process of compressing materials into a 

small portable size with a diameter ranging from 30 to 

100 mm and of any length depending on the technology 

applied, which could either be screw or piston 

compression [9]. The briquetting process is perhaps 

regarded as a way to improve the application of low-

grade wastes materials. Briquetting is mainly used for 

compacting of biomass (sawdust, wood shavings, bark, 

straw, cotton, paper). However, it was reported that 

briquettes could also be generated from none biomass 

sources such as plastic, many types of milled paper 

wastes and other combustible wastes [10]. 

Briquetting, the densification of loose biomass materials 

into compact fuel blocks offers a promising solution to 

simultaneously address energy poverty and 

environmental degradation [11]. Through compression, 

biomass residues are transformed into uniform, high-

density fuels with improved combustion characteristics, 

reduced smoke emissions, and enhanced energy content 

compared to raw biomass [12]. The technology is 

particularly suitable for decentralized application in rural 

settings, requiring minimal capital investment and 

technical expertise. The briquette quality can be 

determined by such physical factors like density, 

moisture content, and compressive strength. The binder, 

moisture content, particle size and compressing forces 

(pressure) are among the factors that affect the quality of 

briquettes in terms of durability and resistivity during 

transportation [13]. 

To address the lack of comparative data on localized 

waste valorization in Nigeria, this study evaluates the 

production and thermal-physical characterization of 

sustainable biomass briquettes from five abundant 

residues: cow dung, rice husk, palm kernel shell (PKS), 

empty fruit bunches (EFB), and date seed, using a 

cassava starch binder. The objective is to systematically 

analyze their proximate compositions, energy densities, 

and combustion efficiencies. Ultimately, this work 

provides a scalable, eco-friendly framework to replace 

traditional fuelwood, thereby mitigating deforestation and 

alleviating rural energy poverty. 

 

II. Material and methodology 

 

II.1. Sample Collection and Preparation 

 

Five biomass materials were selected based on their 

abundance in Nigerian agricultural systems. The oil palm 

biomass from mills comprises empty fruit bunch (EFB) 

and palm kernel shells (PKS), they were obtained freshly 

from palm oil processing facilities in Edo State. Cow 

dung, rice husk, date seed samples were collected from a 

cattle ranch, rice mills and Shuwarin date market, 

respectively, in Jigawa state, Nigeria. All samples were 

air-dried for 14 days to reduce moisture content to 

approximately 10-12%, then milled using a hammer mill 

(Model HM-420, China) to achieve particle sizes 

between 0.5 mm and 2.0 mm. The biomass was stored in 

airtight containers prior to briquette production. EFB 

sample was cut into smaller sizes , and all the samples 

were stored into desiccators before experiments and 

analyses. The cassava starch was used as a binder. Figure 

1 shows the biomass samples collected. 

 

 
Figure1. Biomass Samples (1) Palm Kernel shell (PKS), (2) Date Seed, 

(3) Rice Husk, (4) Empty fruit  bunches (EFB), and (5) Cow dung and 

(6) A hammer mill (Model HM-420, China) 

 

 

II.2. Briquette Production 

 

The manual hydraulic pressing machine (briquetting 

machine) used is purposely for experimental work. 

Briquettes were produced using a hydraulic press (50-

tonne capacity) with cylindrical molds (65 mm diameter 

× 80 mm height), as illustrated in Figure 2. Cassava 

starch, prepared as a 10 % w/w aqueous solution, served 

as the binding agent a choice motivated by its local 

availability, low cost, and biodegradability [14]. Figure 2 

represent a schematic briquetting machine used. The 

production process involved: 
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1. Mixing milled biomass with binder solution at a 

ratio of 10:1 (biomass:binder) 

2. Allowing the mixture to equilibrate for 30 

minutes 

3. Compressing at 40 MPa pressure with a 5-

minute retention time 

4. Ejecting briquettes and sun-drying for 7 days 

5. Each biomass type was processed in triplicate, 

yielding 15 experimental briquettes per sample. 

 However, increasing the binder ratio above 10% 

improves briquette durability but raises production costs, 

while reducing it below 10% lowers cost but may 

compromise mechanical strength and consumer 

acceptability. For rural micro-enterprises with limited 

capital, a techno-economic assessment across varying 

ratios (e.g., 5–15%) is recommended to identify the most 

cost-effective formulation, potentially favouring locally 

available low-cost binders over cassava starch, which has 

competing food value. 

 
Figure 2. Schematic briquetting machine 

 

II.3. Physical Characterization (Bulk Density)  

 

Density is an important parameter, which characterises 

the briquetting process. When density is high, the 

energy/volume ratio is also high. Hence, high-density 

products are desirable regarding transportation, storage 

and handling [10]. Therefore, the density of briquettes 

was also measured in this work. The weights of 

briquettes were measured using a digital weighing 

balance. To calculate the volume of briquettes, the 

average diameters and heights of the briquettes were 

taken at three positions with Vanier calliper. This 

procedure was adopted with modification as reported 

[15]. The density was then, calculated as follows:  

 

  
 

 
                                          (1) 

where m is the mass of the briquette, and V is the 

briquette volume. (Expressed in kg/m³ or g/cm³) 

 

V = πr²h                                     (2) 

Where: 

 r = radius = diameter/2 

 h = height 

 π ≈ 3.14159 

 

II.4. Compressive Strength Test  

 

The compressive strength test was conducted using using 

a universal testing machine (Instron 5569) at a crosshead 

speed of 5 mm/min. The test was performed at the centre 

for renewable energy and sustainability transitions 

(CREST), Bayero University, Kano. Briquette assessed is 

positioned straight in the compression chamber, and an  

increasing load was applied at a steady rate of 50 

mm/min until the briquette failed by crashing. 

Subsequently, a force which corresponds to crash point 

was recorded. The greatest load to cause a crash of 

briquette was read on the screen of a computer connected 

to the machine. The compressive strength set up is shown 

in Figure 3. Finally, the compressive strength was 

calculated by dividing load at fracture point with a cross-

sectional area of the plane of fracture [16] and [17]. 

 

                      
                             

                                       
             

(3) 

 

 
Figure 3. Universel testing machine Instron 5569 

 

II.5. Water Resistance Test  

 

Water Resistance measures how long a briquette can 

maintain its structural integrity when exposed to water. 

This is crucial because briquettes may be exposed to rain, 

humidity, or accidental water contact during storage and 

use. The quality of briquettes is affected by moisture and 

water. Therefore, water and/or moisture absorbed by 

briquettes were investigated in this work. Briquettes 

produced were immersed in a beaker filled with cold tap 

water at room temperature (27 
o
C) for 180 minutes. 

During the first and second 30 minutes the briquettes 
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were checked every 5- 10 minutes and 15- 30 minutes, 

respectively. And, during the last 2 hours the briquettes 

were checked every 30-60 minutes. The weights of the 

briquettes and beaker were measured before and after 

immersing. The difference in weight of briquette 

determines the water absorbed during five minutes test. 

This procedure was adopted as reported by Kaliyan and 

Vance [18] with some modification. The water resistance 

depends on the porosity of the material as shown in 

Figure 4.  

 

 
Figure 4. Water resistance test  

 

II.6. Proximate Analysis 

 

Proximate analysis was conducted following ASTM 

standards to identify the percentage weight of moisture 

content, ash content, volatile matter and fixed carbon. It 

was performed at the centre for renewable energy and 

sustainability transitions (CREST), Bayero University, 

Kano, according to ASTM E871 for moisture content, 

ASTM E872 for volatile matter and ASTM E1755-01 for 

ash content, whereas, the difference determines fixed 

carbon content. For all the analysis conducted in this part, 

all samples were analysed simultaneously. The weight of 

empty crucibles was measured as initial weight (Mc). 

Approximately, 10 mg of samples were placed into 

ceramic crucibles and weighed as (M i). However, for the 

volatile matter, the crucibles were measured with their 

covers. For moisture determination, crucibles with 

samples were dried in an oven for 3 hours at 105 
o
C, and 

final weight was determined by weighing the crucibles as 

(Mf).  Subsequently, the samples were placed in a furnace 

and heated in covered crucibles at 950 
o
C for 7 minutes. 

The weight loss recorded is known as volatile matter 

content. For ash contents, samples were placed in the 

furnace at 575 °C for 3 hours. After each analysis, 

samples were cooled in desiccators for few minutes for 

complete drying and cooling before weighing the final 

weight loss.  Finally, fixed carbon contents were 

eventually calculated by subtracting the sum of ash and 

volatile matter from 100 %. The formulas below were 

used [19]. 

Moisture content (wt%) = 
     

     
                (4)  

 

Volatile matter content (wt%)=
         

     
             (5)                    

 

Actual Volatile matter (wt%) = (B – A) % 

 

Ash content (wt%) = 
       

     
                    (6)  

Fixed carbon content (wt%)=100– (MC: Moisture 

Content +VM: Volatile Matter +AC: Ash Content)       (7) 

 

where Mi and Mf are the initial and final weight of the 

sample before and after heating. Mc is the weight of the 

crucible; Mash is the weight of the ash after heating.  

 

II.7. Calorific Value Determination 

 

The gross calorific value was measured using a bomb 

calorimeter (Model IKA C200, Germany) according to 

ASTM D5865-13 as shown in Figure 5. Samples were 

pelletized, weighed to 1.0 ± 0.1 g, and combusted in 

oxygen atmosphere (30 bar) with benzoic acid as 

calibration standard. Calorific Value (also called heating 

value or energy content) is the amount of energy released 

when a fuel is completely burned. It is measured in  

megajoules per kilogram (MJ/kg) and is the single most 

important parameter for evaluating fuel quality. The 

higher heating value (HHV) was determined according to 

the ASTM E 711-87 standard test procedure using a 

bomb calorimeter system IKA C 200, oxygen station 

C248 with an empty water hose at the centre for 

renewable energy and sustainability transitions (CREST), 

Bayero University, Kano. For each test run, 0.5 to 0.8 g 

of the sample was measured pelletised and placed in the 

crucible joined to the thread from the ignition wire. The 

crucible is closed, and approximately 200 psi oxygen gas 

was pumped in.  

 
Figure 5. Bomb calorimeter (Model IKA C200, Germany) 
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II.8. Combustion Characteristics  

 

The Water Boiling Test (WBT) is a standardized field 

test that evaluates how well a fuel performs in actual 

cooking conditions. Unlike the bomb calorimeter (which 

measures theoretical energy in a lab), the WBT shows 

how efficiently that energy is transferred to cook food in 

a real stove. 

Burning rate, ignition time, and specific fuel 

consumption were evaluated using a standardized water 

boiling test (WBT) protocol adapted for biomass fuels 

[20]. Three liters of water were heated from ambient 

temperature to boiling temperature (100 
o
C) using 300 g 

of each briquette type in a locally fabricated improved 

cookstove. The time taken for briquettes samples to boils 

water was recorded using a stopped watch. Bailis 

protocol is the international standard for testing 

cookstove and fuel performance, developed specifically 

for biomass fuels in developing countries. 

The biomass briquette was combusted using the stove at 

room temperature. Biomass briquette was placed on the 

stove and ignited. The ignition temperature was measured 

using thermocouple connected to the stove.  The setup of 

this experiment is shown in Figure 6 below. The briquette 

in the stove's combustion chamber was sprinkled with 

kerosene and ignited with a match, and combustion was 

allowed to stabilize, before the pots containing the water 

was mounted on it (the stove). The cooking pot was 

weighed empty and later the water together with the pot 

was also weighed. 

 

 
Figure 6. Water boiling text setup and burned briquettes 

 

III. Results and discussion 

 

III.1. Physical Properties  

 

Table 1 presents the physical characteristics of the five 

briquette samples. Bulk density ranged from 520 kg/m³ 

(rice husk) to 780 kg/m³ (palm kernel shell), all 

exceeding the minimum threshold of 400 kg/m³ 

recommended for efficient combustion and handling 

[21]. The relatively high density of palm kernel shell and 

date seed briquettes can be attributed to their lignin 

content and particle morphology, which facilitate better 

compaction [22]. 

 

Table 1: Physical Properties of Biomass Briquettes 

Biomass 

Type 

Bulk 

Density 

(kg/m³) 

Moisture 

Content 

(wt%) 

Compressive 

Strength 

(MPa) 

Water 

Resistance 

(min) 

Cow 

Dung 
545  8.90  1.85  125  

Rice 

Husk 
520  7.10 2.14  145  

Palm 

Kernel 

Shell 

(PKS) 

780  6.20 3.67  185  

Empty 

Fruit 

Bunches 

(EFB) 

615  7.80  2.45  156  

Date 

Seed 
725  6.80  3.21  178  

 

Moisture content across all samples remained below 9 

wt%, satisfying the ≤10 wt% criterion for optimal 

combustion and storage stability [23]. Lower moisture 

content correlates with higher energy efficiency, as less 

energy is expended in water vaporization during 

combustion. Palm kernel shell briquettes exhibited the 

lowest moisture content (6.2 wt%), likely due to their 

inherently low hygroscopic nature. 

Compressive strength varied significantly (p < 0.001), 

with palm kernel shell (3.67 MPa) and date seed (3.21 

MPa) briquettes demonstrating superior mechanical 

integrity compared to cow dung (1.85 MPa) and rice husk 

(2.14 MPa) samples. This property is crucial for 

transportation, handling, and storage, as briquettes must 

withstand mechanical stresses without fragmentation 

[24]. The enhanced strength of lignocellulosic biomass 

(palm kernel shell, date seed, EFB) reflects the natural 

bonding properties of lignin, which acts as a 

thermoplastic binder during compression [25]. 

Water resistance tests revealed that all briquette types 

maintained structural integrity for over 2 hours when 

immersed in water, with palm kernel shell (185 minutes) 

and date seed (178 minutes) showing exceptional 

hydrophobic properties. This characteristic is essential 

for tropical climates where humidity and occasional 

rainfall could compromise fuel quality during storage. 

Figures 7(a) and 7(b) display the comparison of bulk 

density and water resistance and the comparison of 

moisture content and compressive strength, respectively. 

In Figure 7(a), PKS displayed the highest bulk density 

and water resistance, followed by date seed briquettes, 

while cow dung had the lowest water resistance, followed 
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by rice husk. However, rice husk had the lowest bulk 

density compared to cow dung. It can be concluded that 

bulk density is dependent on water resistance. Abdullah 

et al. [26] reported that low bulk density, degradation 

during storage, and low energy density are also important 

factors affecting the utilization of raw lignocellulosic 

biomass as a cellulose feedstock for bio-briquettes. For 

moisture content and compressive strength in Figure 7(b), 

cow dung displayed the highest moisture content and 

lowest compressive strength, whereas PKS exhibited the 

greatest compressive strength and lowest moisture 

content, respectively. This illustrates that compressive 

strength and moisture content are dependent on each 

other. 

 

 
 

Figure 7(a). Comparison of Bulk Density and Water Resistance 

 

 
Figure 7(b). Comparison of Moisture content and Compressive Strength 

 

III.2. Proximate Analysis and calorific value  

 

The proximate analysis and calorific values are presented 

in Table 2. Volatile matter content ranged from 62.4% 

(palm kernel shell) to 78.6% (cow dung), inversely 

correlating with fixed carbon content. High volatile 

matter facilitates ignition and flame propagation but may 

result in increased smoke production if combustion is 

incomplete [27]. 

 

Table 2. Proximate Analysis and Calorific Value of Biomass Briquettes 

 

Biomass 

Type 

Volatile  

Matter 

(wt%) 

Ash 

Content 

wt%) 

Fixed 

Carbon 

wt%) 

Calorific 

Value 

(MJ/kg) 

Cow Dung 78.6  12.8  08.6  14.23  

Rice Husk 71.5  18.2  10.3  15.67  

Palm 

Kernel 

Shell 

(PKS) 

62.4  03.2  34.4  19.45  

Empty 

Fruit 

Bunches 

(EFB) 

68.9  05.6  25.5  17.28  

Date Seed 64.2  04.1  31.7  18.32  

 

Ash content exhibited substantial variation, with rice 

husk producing the highest residue (18.2 wt%), followed 

by cow dung (12.8 wt%). The elevated silica content in 

rice husks accounts for this observation, presenting 

challenges for domestic use as excess ive ash necessitates 

frequent cleaning and may hinder heat transfer [28]. 

Conversely, palm kernel shell (3.2 wt%) and date seed 

(4.1 wt%) generated minimal ash, enhancing their 

suitability for household cooking applications. 

Fixed carbon content, representing the solid combustible 

residue after volatile release, was highest in palm kernel 

shell (34.4 wt%) and date seed (31.7 wt%) briquettes. 

Higher fixed carbon correlates with sustained burning 

and coal bed formation, desirable characteristics for 

maintaining cooking temperatures [29]. Safana A A and 

Ahmed Rufai Usman [30], reported that a high quality, 

productive fuel briquette relies on lesser moisture 

content, volatile matter and ash content with an advanced 

fixed carbon content.  

Calorific values ranged from 14.23 MJ/kg (cow dung) to 

19.45 MJ/kg (palm kernel shell), all comparable to or 

exceeding typical fuelwood values (13-17 MJ/kg) and 

approaching low-grade coal (17-21 MJ/kg) [31]. Palm 

kernel shell briquettes demonstrated energy density 37 % 

higher than cow dung, translating to reduced fuel 

consumption and collection burden for rural households. 

The superior calorific values of lignocellulosic materials 

reflect their higher carbon and lignin content compared to 

manure-based biomass. 

From Figure 8, it can be seen that cow dung has the 

lowest calorific value and fixed carbon content but the 

highest volatile matter. This observation is exactly the 

same for rice husk and EFB, respectively. PKS and date 
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seed have the highest calorific value and fixed carbon 

content, but the lowest volatile matter, respectively. This 

indicates that volatile matter content in a fuel affects its 

energy content (calorific value and fixed carbon content). 

 

 
Figure 8. Comparison of Proximate Analysis 

 

III.3. Combustion Performance 

 

Water boiling tests revealed distinct combustion 

behaviors among briquette types (Table 3). Ignition time 

varied from 3.2 minutes (cow dung) to 5.8 minutes (palm 

kernel shell), with the denser, higher-energy briquettes 

requiring slightly longer to establish sustained 

combustion. 

Table 3. Combustion Characteristics from Water Boiling Tests 

 

Biomass 

Type 

Ignition 

Time 

(min) 

Burning 

Rate 

(g/min) 

Time to 

Boil 

(min) 

Specific 

Fuel 

Consumptio

n (g/L) 

Cow 

Dung 
03.2  22.2  24.8  142  

Rice 

Husk 
03.8  20.5  22.6  135  

Palm 

Kernel 

Shell 

(PKS) 

05.8  14.7  18.2  98  

Empty 

Fruit 

Bunches 

(EFB) 

04.5  17.8  20.4  118  

Date Seed 05.1  15.9  19.1  105  

 

Burning rate inversely correlated with calorific value and 

density, with palm kernel shell (14.7 g/min) and date 

seed (15.9 g/min) briquettes exhibiting slower, more 

controlled combustion compared to cow dung (22.2 

g/min). The sustained burning characteris tic is 

advantageous for cooking applications requiring 

consistent heat over extended periods. 

Time to boil 3 liters of water ranged from 18.2 minutes 

(palm kernel shell) to 24.8 minutes (cow dung), 

demonstrating that higher energy density translates to 

improved thermal efficiency. Specific fuel consumption 

the mass of fuel required to boil one liter of water was 

lowest for palm kernel shell (98 g/L) and date seed (105 

g/L) briquettes, representing 31% and 26% reductions, 

respectively, compared to cow dung (142 g/L). 

Visual observations during combustion revealed that 

palm kernel shell, date seed, and empty fruit bunch 

briquettes produced minimal smoke after initial ignition, 

while cow dung and rice husk exhibited continuous 

smoke emission throughout burning. This difference has 

important implications for indoor air quality, as smoke 

exposure from traditional biomass cooking is associated 

with respiratory diseases affecting millions in developing 

countries [32]. 

 
Figure 9(a). Comparison of the ignition time, burning rate and time to 

boil 

 

The comparisons of ignition time, burning rate, and time 

to boil are shown in Figure 9(a), and specific fuel 

consumption is displayed in Figure 9(b). The cow dung 

briquettes have the lowest ignition time and the highest 

burning rate and time to boil. This could be a result of the 

highest volatile matter content in them. This could be the 

reason why cow dung displayed the maximum specific 

fuel consumption observed in Figure 9(b). A similar 

observation was witnessed for rice husk and EFB. PKS 

and date seed showed the minimum specific fuel 

consumption, fastest time to boil, and lowest burning 

rate, respectively. Safana et al. [1] conducted research on 

the heat release during the combustion of coal and oil 

palm biomass charcoal briquettes. They reported that the 

maximum heat released, 0.06 W, was obtained from EFB 



A.A Safana  et al/ International Journal of Energetica (IJECA) Vol. 11, N°1, 2026, pp. 17-26 

                                                                                                                                                                                   Page 24 
 

charcoal briquette, followed by 0.05 W and 0.04 W from 

coal and MF charcoal briquette, respectively. This 

finding indicated that charcoal briquettes derived from oil 

palm biomass (EFB) could be one of the potential solid 

fuels that can be used for coal replacement. Equivalently, 

the combustion of MF briquette and coal may require a 

higher temperature and longer burning time to complete 

the conversion. This might be because of the presence of 

a large amount of inorganic material. It can, therefore, be 

presumed that MF fuel could be viewed as steady since it 

might deliver heat for an extended period. 

 

 
Figure 9(b). Specific Fuel Consumption 

 

III.4. Environmental and Socioeconomic Implications 

 

Transitioning from fuelwood to biomass briquettes offers 

substantial environmental benefits. Assuming an average 

rural household in Nigeria consumes approximately 1.5 

kg of fuelwood daily for cooking [33], replacement with 

palm kernel shell briquettes would reduce fuel 

requirements to approximately 0.9 kg daily, given the 

31% improvement in specific fuel consumption. Scaling 

this to a community of 1,000 households, annual 

fuelwood savings would exceed 200 tonnes , equivalent to 

preserving approximately 50-70 hectares of forest [23]. 

Furthermore, briquette production valorizes agricultural 

residues that would otherwise be disposed of through 

open burning or decomposition, both processes that 

release greenhouse gases and particulate matter. 

Converting these wastes into useful energy represents a 

circular economy approach aligned with sustainable 

development goals [34].  

 

 
Figure 10. Briquette samples. (a) Rice husk, (b) PKS,(c) EFB,(d) Date 

seed, (e) Cow dung 

 

 

IV. Conclusion 

 

This study demonstrates that biomass briquettes This 

study demonstrates that biomass briquettes produced 

from cow dung, rice husk, palm kernel shell, empty fruit 

bunches, and date seed represent viable alternatives to 

traditional fuel wood for cooking in Nigerian rural 

communities. Palm kernel shell and date seed briquettes 

exhibited superior performance characteristics, including 

high calorific values (19.45 and 18.32 MJ/kg, 

respectively), low ash content, excellent mechanical 

strength, and efficient combustion with minimal smoke 

emission. All five briquettes met basic quality standards 

for domestic cooking fuel, though with varying degrees 

of suitability. The energy density improvements over 

conventional fuelwood translate to reduced fuel 

consumption (26–31% for premium briquettes), offering 

both economic savings for households and environmental 

benefits through decreased deforestation pressure . To 

fully realize this potential, future initiatives should focus 

on the techno-economic optimization of decentralized 

production units and local policy support to facilitate 

adoption among rural end-users 
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