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Introduction 
Rural Nigerians depend solely on fuel 

wood (Charcoal), firewood and 

sawdust) for their energy need for the 

past decades fuel wood gathering 

takes a significant proportion of the 

working fays of women and children 

and has led to extensive deforestation 

and environment degradation. Rural 

dwellers that use these fuels have to 

seek for alternative fuel sources for 

their domestic uses. Vegetable matter 

(biomass) if not properly disposed 
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Abstract  
Wood and wood charcoal has been the primary fuel for cooking in Nigeria 

despite its cardio respiratory hazards from its smoke. This research was 

carried out to investigate the burning rates as well as other characteristics of 

briquettes produced from selected agricultural wastes(rice husk, sawdust, 

sugarcane bagasse and groundnut shell) in various composition ratios of 

1:1:1, 2:1:1 and 3:1:1 respectively and analyzed using randomized complete 

design (CRD). The results showed that briquettes produced using groundnut 

shell at ratio 3:1:1:1 had the best burning rate and exhibited the best boiling 

time for water boiling test. Charcoal briquettes had far less emission, and 

were more environmentally friendly, and has the potential of reducing 

deforestation and desert encroachment can as well serve as a sustainable 

source of income generation for the teeming population especially youths and  

rural women.   
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litter the environment thereby coursing air and water pollution. At present 

owing to obvious limitations in the availability of fossil fuel, research work has 

shifted from convectional processing of coal, biomass and wastes into more 

convenient environmentally friendly solid fuel known as briquettes. (Zannikos 

et al 2012) 

A briquette is a block of compressed coal, biomass or charcoal dust that is used 

as fuel. Briquetting is a high pressure process which can be done at elevated 

temperature or at ambient temperature depending on the technology one applies. 

In some briquette techniques, the materials are compressed without edition of 

adhesive. While in some adhesive material are added to assist in holding the 

particles of the material together. Briquetting process has focused on the 

production of smokeless fuel from coal and agricultural wastes. However 

briquetting of organic material (agricultural wastes) requires higher pressure as 

additional forces is needed to overcome the material springiness of these 

materials. This involves the destruction of the cell walls through some 

combination of pressure and heat (Demirbas, 2009) 

Energy utilization in Nigeria is dominated generally by thermal and hydro- 

electricity for domestic and industrial lighting and other uses, oil for 

transportation and other industrial applications and biomass for domestic and 

industrial heating (Olayinka, 2007) 

However, the exploitation and utilization of the established energy sources and 

the development of the potential ones have remained national challenge due to 

inadequate indigenous technical capacity and high cost of foreign expertise. 

In contrast with wood, briquettes charcoal is a smokeless fuel. Using 

agricultural waste sugar cane peel, rice straws and leaves have their unique 

benefits aside being smokeless. The smoke produced from wood fire can lead 

to multiple respiratory disorder and also using agricultural waste as fuel will 

greatly slow down the advance of deforestation which stands currently at about 

2.1 Km per annum in the north eastern part of the country, by eliminating, the 

need to cut down trees for fuel wood, not to mention its ability to store for long 

periods of time without degradation. 

The greatest potential that could be tapped by establishing micro-enterprise 

around the production of charcoal is derived from agricultural waste. The 

energy from agricultural waste can be harnessed through the process of 

combustion which allows the material to be carbonized.  
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Bio-mass, hydroelectric and solar power are the most important sources of 

renewable energy while-petroleum product is the non-renewable energy used in 

Nigeria today. Petroleum product is expensive and a key environmental 

pollutant. Over dependence on fire wood utilization for cooking, heating is the 

major factor leading to deforestation, solar on the other hand is expensive to 

install. Therefore, the exploitation of suitable biomass for conversion into 

charcoal briquettes cannot be over emphasized. 

The objectives of this research therefore are; to determine the burning rates, 

Specific Fuel Capacity (SFC), and the Calorific value of the energy and to create 

a suitable alternative to wood-based biomass and charcoal in order to reduce 

deforestation. 

 

MATERIALS AND METHODS 

LOCATION 

The experiment was conducted in the agricultural and Bio Environmental 

Engineering technology department of the federal polytechnic bauchi products 

processing workshop. 

 

MATERIALS 

Rice husk, Sugarcane Bagasse, Groundnut shell, Saw dust, Water and Binder 

 

EQUIPMENT 

Carbonization chamber, Manual briquette press (5kg/hr), Buckets, Charcoal 

Stove, Energy efficient stove, Tray pan and pans,  Mortar and pestles, Weigh 

balance for the determination of weight of the products and Sieves (0.05/1) 

 

SAMPLE COLLECTION AND PREPARATION 

Rice husk, sugarcane bagasse, Saw dust and groundnut shell were collected 

from various location in Bauchi Local Government, Bauchi State. 

 

PREPARATION OF THE BINDER 

The binder used for strengthening the briquettes was starch. The blends with 

different combining ratios were mixed with the binder at a mixing ratio of 6:1/2 

(charcoal: starch) the process was conducted until the required consistency was 

achieved for preparation of briquettes. 
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PREPARATION OF BRIQUETTES 

The pre-treatment processing of briquette sample for this study comprised of 

drying, size reduction. The raw materials were sun dried for 3-5 days. The dried 

raw materials were carbonized, ground using mortar and pestle. 

A particle size Analysis equipment corresponding to 0.05µ. Each of the 

aggregate was subdivided into various ratios [1:1:1:1, 2:1:1:1 and 3:1:1:1] 

representing [Rice husk (R): Bagasse (B): Saw dust (SD) and Ground nut shell 

(G) i.e. R:B:SD and G] the selected agricultural biomass respectively. The 

mixing process was done manually until proper homogenization was achieved 

followed by binder (cold water starch) addition to each of the subdivided 

charred residue rations and a further mixing was done to form partial dough 

blend. The blends were molded into chunks (briquettes) using a manually 

operated cylindrical (3”x 2” height & radius) press with a capacity of 5kg/hr 

(i.e. 161 briquettes per hour and 32 briquettes per kg). The cylinder was loosely 

charged with known sample rations, positioned on the press under the pistons 

and compaction followed by depressing the handle for a few seconds to form 

the briquettes. After which the briquettes were dried for 3-5 days, packaged and 

labelled with the ration composition. This process was repeated until complete 

randomizations of the ration sets were achieved. Each complete randomized 

ration set was replicated three times and the varying preparation time was 

recorded. 

 

PREPARATION TIME 

The preparation time was recorded by the time it takes from placing the 

briquettes in the charcoal stove to the time it is made ready to conduct the test 

(water boiling test (WBT) and controlled cooking test (CCT)). 

 

BURNING RATE  

The burning rate is determined by the time taken for a pre -set quantity of fuel 

to burn.  Groundnut shell had the highest burning rate while the Control (Wood 

charcoal) had the least burning rate. This goes to prove that an increase in the 

composition ratio of any individual energy source will lead to an increase in the 

burning rate of the briquettes. The burning rate of the briquette ration sets were 

computed from this expression: 

Burning rate = total weight of the burnt briquette(g) 

Total time taken (min) 
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SPECIFIC FUEL CONSUMPTION 

The briquettes were left until they were well ignited and had entered into a 

steady state burn phase (3mins. approx). Specific fuel consumption used in the 

experiment was estimated from the ratio of mass of fuel consumed (in grams) 

to the quantity of boiling water in liters (WBT) or total mass of cooked food 

(control cooking test (CCT). Specific fuel consumption (SFC) for WBT and 

CCT were determined using the formula below: 

SFC = mass of fuel consumed 

Total mass of boiling water   (WBT) 

 

SFC = mass of fuel consumed                              

 Total mass of cooked food   (CCT) 

Calorific Value(𝐸𝑓):  

Fuel efficiency is another form of thermal efficiency, according to Sabaru, 

2013. The fuel efficiency of the energy sources according to Oladeji (2011) and 

as reported by Davies et al (2013) was calculated thus: 

Tfc = 
𝑀𝑤𝐶𝑃(𝑇𝑏−𝑇𝑜)+𝑀𝑐𝐿

𝑀𝑓𝐸𝑓
  × 1000% 

The numerator gives the net heat supplied to the water, while the denominator 

gives net heat liberated by the fuel.  Where: 

Tfc = thermal fuel efficiency of the energy source; P =power output; 

Mw =mass of water/food in the pot (kg);  Cp = Specific heat of water (Kj'/KgK); 

T0 = initial temperature of water (k):,  Tb = Boiling temperature of the water (k); 

Mc = mass of water evaporated (kg);,  L = Latent heat of evaporation (Kg) 

Mf= mass of fuel burnt (kg);,  Ef = calorific value of the fuel (Kj/kg); 

Mw = mass of water (kg)  

 

Statistical Analysis 

The obtained values were statistically analyzed using Analysis of variance 

(ANOVA) and completely randomized design (CRD). Appropriate graphs were 

plotted to show the trend of behavior of the sample under different conditions 

of treatment for the various parameters investigated i.e. Burning rate, specific 

fuel consumption (SFC), fuel efficiency and calorific value. 

 

Results and Discussion 

BURNING RATE: The variation of the burning rate values of the energy 

sources were significantly different (p < 0.05). Groundnut shell recorded the 

highest burning rate (17.13mins) Table 1, while the control (wood charcoal) 

recorded the lowest burning rate (9.38 mins). This observation could be due to 

evidence of porosity exhibited between inter and intra - particles which enable 

easy infiltration of oxygen and outflow of combustion briquettes. Onuegbu et 
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al (2011) reported factors that could be responsible for burning rate of biomass 

(briquettes) such as chemical composition, volatile matter content and geometry 

(bulk and packing orientation) of the biomass.  

 

Table 1: Averages time taken (min) 

Biomass Burning rate (min) 

Rice husk 11.43 

Bagasse 12.57 

Saw dust 15.56 

Groundnut shell 17.13 

Control 9.38 

 

Calorific Value 

The calorific values of the energy source ranged from 6552Kcal/kg (charcoal) 

to3881Kcal/Kg (Rice husk). The variation of the calorific values of the fuel 

types was significantly different (p< 0.05), as reported by Kent (2012). The 

calorific value from figure 1 of charcoal is the highest (6552Kcal/kg) followed 

by Groundnut shell, Sawdust, Bagasse and rice husk was the least 

(3881Kcal/kg) respectively. This is an indication that more heat during 

combustion might be generated from charcoal than groundnut shells and the 

others. Significant differences of the gross calorific value were found between 

the briquettes. 

 

 
Fig. 1: Calorific Value of Energy source 
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Specific Fuel Consumption using Water Boiling Test (WBT) 

The recorded boiling time values were 15min, 15min and 17mins (rice husk 

composition ratios 1:2:3), 17mins, 16mins andl8mins (Bagasse), 15mins, 

14mins and 15mins (sawdust), and 16mins, l0mins, and 12mins (Groundnut 

shell). The control was 17mins, 18mins, and 18mins (wood charcoal). The 

values of the boiling time of the energy sources were significantly different 

(p<0.05). Amongst the energy sources, groundnut shell had the least boiling 

time (12.6mins), while bagasse had the longest duration of boiling time 

(17mins) 

 

CONCLUSION 

This study demonstrated that briquettes can be utilized as suitable alternative 

for domestic and industrial applications. The results confirm the possibility of 

utilizing rice husk, bagasse, and sawdust and groundnut shell as fuel briquettes 

of good source that supports clean combustion. The selected Agricultural waste 

possess high value combustible fuel, which qualify them as not only suitable 

alternative, but a better alternatives to firewood and charcoal from wood 

because of their added advantages; virtually smokeless (carbonization 

advantage), burn longer (briquetting advantage) and more environmental and 

health friendly (waste conversion advantage). Groundnut shell recorded the 

highest burning rate while the control (wood charcoal) had the least. 
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