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Abstract 

One of the most 

challenging tasks 

facing Nigeria, just like 

other developing 

countries, is finding a 

means of expanding its 

energy services 

especially to the rural 

households, the 
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INTRODUCTION  

The energy demand of 

the entire world is 

getting more and 

more since this is 

needed to raise and 

satisfy the standard of 

living. Nations 

consuming more 

energy per capital 

always have better 

standard of living. In 

search of improving 

the standard of living, 

the world energy 

consumption is 

seriously increasing 

at a critical rate when 

compared to the 

world population.  

It is obvious that most 

of the world’s energy 

demand especially is 

met by fossil fuels 

mainly coal, 

petroleum and 

natural gas. Fossil 

fuels provide about 

80% of man’s energy 

usage now and this 

makes them enjoy 

widespread use  
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epileptic power supply 

from National grid and 

at the same time 

addressing the health 

and environmental 

consequences of over 

dependence on 

firewood for cooking. 

The study was 

undertaken to 

investigate the 

comparison of burning 

characteristics of some 

selected commonly 

biomass waste found 

within Yobe state, 

wastes from rice husk, 

millet husk, groundnut 

shell, melon shell and 

corn cob were 

prepared into 

Briquettes. Proximate 

analysis was carried 

out to determine the 

following combustion 

related properties of 

the briquette 

produced, Ash content, 

Percentage fixed 

carbon, Percentage 

volatile matter and 

Heating value. The 

results shows that 

heating values of the 

waste sample are 

18724 KJ/kg, 18528 

KJ/kg, 19480 KJ/kg, 

18521 KJ/kg and 

22120 KJ/kg for rice 

husk, groundnut shell, 

corn cob, millet husk 

and melon shell 

respectively. From the 

foregoing, it is 

envisaged that 

industries that use 

their waste biomass 

for energy 

simultaneously would 

solve a waste disposal 

problem and save 

money on their Energy 

needs. Water Boiling 

Test (WBT) was also 

carried out to test the 

performance of all the 

fuels at ambient 

temperature and 

standard pressure. 

Test results show the 

burning rate of 

briquette fuel of melon 

shell, corn cob, 

groundnut, rice husk 

and millet husk were 

on increasing orders 

respectively. It was 

concluded that stable 

briquettes could be 

formed from waste 

biomass of rice husk, 

groundnut shell, melon 

shell, maize cob and 

millet husk mixed with 

cassava starch. 

 

 especially in domestic cooking. For example, kerosene fuel finds useful 

application in most developing countries of the world for domestic 

cooking, lighting and heating. These fuels, which we have depended on so 

much, are non-renewable and it is obvious that their supply is not keeping 

up with people’s demand. (Adegoke and Mohammed, 2002). 

The decreasing availability of fuel- like wood, coupled with the ever-rising 

prices of kerosene and cooking gas in Nigeria, has drawn attention to the 

need to consider alternative sources of energy for domestic and cottage 

level industrial use in the country (Lucas and Akinoso, 2001).  
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The existing burden on biomass resources, the negative impacts on the 

environment and the problems of energy supply could be alleviated by 

undertaking comprehensive alternative energy technologies for 

decentralized application. One of such viable and promising technologies 

is briquetting, which is used to extract biomass energy and convert it into 

a more useful form through densification in order to facilitate handling, 

storage and transportation. Briquette, which is final product of biomass 

briquetting, has a wide variety of use from household to industrial.(Olajide, 

2015) 

However, rice husk in its present form, just like any other agricultural 

residues, cannot be effectively used for energy conversion. This is because 

utilization of agricultural residues is often difficult due to their uneven 

characteristics. It is widely accepted that the majority of the residues in 

their natural forms have lower density, higher moisture content and lower 

energy density. Besides, the low bulk density and dusty characteristics of 

the biomass also cause problems in transportation, handling and storage 

(Husan et al. 2002). The application of biomass briquetting i.e. 

transforming the loose biomass into briquettes is an effective way to solve 

these problems and contribute towards alleviation of energy shortage and 

environmental degradation (El-Saeidy, 2004). 

One of the most challenging tasks facing Nigeria, just like other developing 

countries, is finding a means of expanding its energy services especially to 

the rural households and at the same time addressing the health and 

environmental consequences of over dependence on firewood for cooking. 

The biomass resources of Nigeria can be identified as wood, forage, 

grasses, shrubs, animal wastes, wastes arising from agricultural, municipal, 

as well as industrial activities, etc. The potential for the use of biomass as 

energy source in Nigeria is very high because about 80% of Nigerians are 

rural and semi-urban dwellers and they solely depend on biomass for their 

energy needs. Particularly, fuel wood accounts for about 90% of the total 

wood demand from the forest (Philip, 2007) and the demand is still on the 

increase due to population increase and lack of alternative energy source.  

The decreasing availability of fuel wood, coupled with the ever-rising 

prices of kerosene and cooking gas in Nigeria has draw attention to the 

need to consider alternative sources of energy for domestic and cottage 
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level industrial use in the country. Such energy sources should be 

renewable and should be accessible to poor. As rightly noted by Stout and 

Best (2001), a transition to a sustainable energy system is urgently needed 

in the developing countries such as Nigeria. This should, of necessity, be 

characterized by a departure from the present subsistence –level energy 

usage levels based on decreasing firewood resources, to a situation where 

human and farming activities would be based on sustainable and 

diversified energy forms. 

According to Shaw (2008), an advantage of the densification of loose, small 

and high moisture content biomass is that the compression generally 

increases the calorific value of the fuel. The bulk density of loose biomass, 

which is typically about 40 - 200 kg/m3 can also be increased to densities 

as high as 600 – 800 kg/m3. Thus, briquette making has the potential to 

meet the additional energy demands of urban and industrial sectors, 

thereby making a significant contribution to the economic advancement of 

developing countries like Nepal. However, in order to make a significant 

impact as a fuel source, there is a need to improve and promote its 

technology of production (Grover & Mishra, 1994). 

According to the National Energy Policy (NEP, 2005), the cost of energy is 

now a very significant factor which determines the price paid by the end – 

users of commodities. The injudicious use of primary biofuels in most 

developing countries had caused many problems such as deforestation, 

desertification, and erosion and reduced biodiversity (Twindell and Weirs, 

1996). The high cost of domestic fuel, coupled with the epileptic supply of 

electricity from national grid for our domestic use in our rural area and the 

need to reduce over-dependant on fuel wood as major energy supply in this 

farm which if not controlled will lead to environmental problem and the 

problem of disposal of the animal waste and its adverse effect on human 

being, necessitate for alternative fuel. 

This will serve as a measure in curbing the environmental hazard posed by 

poor methods of agricultural waste disposal as well as converting waste to 

wealth. Assessment of the burning characteristics of briquettes produced 

from maize cob sieved with different sizes of mesh showed that briquette 

produced with particle size 6.30mm gave the highest energy value and 

percentage volatile matter with moderate ash content while the least 
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energy and ash content was produced by briquettes produced from 

2.36mm mesh size. Since the most important fuel property is its calorific 

or heating value and 6.30mm briquette gave this, a mixture of 6.30mm and 

2.36mm particle sizes is advocated to enhance maximum 

output.(Adetogun, 2013) 

The problem of agricultural residues disposal is posing challenge to the 

farmers and to the general public as these residues constitute a nuisance 

to the environment as well as an eyesore to the public. Therefore, if these 

wastes could be used to generate energy, it would be a welcomed solution 

to the problem of waste pollution, disposal and control and one of viable 

and promising technologies by which these wastes can be converted to 

biomass energy is through the process of briquetting. 

 

MATERIALS AND METHODS 

Materials 

The Rice husk, millet husk, groundnut shell, melon shell and Maize cob 

which is an agricultural residue was used and was all collected from their 

respective dumping places within Yobe state. Cassava starch was used as 

binder and a locally fabricated briquetting moulding machine was used to 

mould the briquette. Other materials include thermometer, clean stainless 

pot, stop watch, weighing balance and locally fabricated Biomass burning 

stove. 

 

Methods 

Specimen Preparation: Rice husk, millet husk, melon husk, groundnut shell, 

and corn cob were air dried to reduce moisture content to between 8-12% 

which is within the acceptable operating limit for briquetting. A sieve of 

6.30mm was used to obtain uniform grain size distribution for the samples 

(Adetogun, 2013). 

Binder ratio: Cassava starch was used as binder for the briquettes and 3 

starch ratios notably: 20%, 30% and 40% of the weight of sample was used 

to determine the effect of binder concentration on physical and chemical 

characteristics of briquettes produced. 

Briquette production processes: The rice husk, groundnut shell, millet 

husk, melon shell and maize cob materials collected were sundried to 
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reduce moisture content to approximately 12% (Elaigwu et al. 2010 and 

Imeh et al. 2011). Grinding machine was used to reduce the materials to 

smaller sizes after which a 6.30mm sieve was used to obtain uniform sizes. 

Starch binder was prepared using 250 ml of boiled water at binder ratios 

of 20%, 30%, and 40% of the bulk weight of briquette materials. As 

reported by (Adetogun, 2013) that sieve of 6.30mm gives higher heating 

value with moderate ash content. 

The combustion properties include the percentage Ash content, 

percentage Volatile matter, percentage fixed carbon, the heating value and 

% moisture content. 

Density: The mean compressed density of the briquettes was determined 

immediately after removal from the mould as a ratio of measured weight 

to calculated volume (Olorunnisola, 2007). The weights of produced 

briquettes were determined using a digital weighing balance. Weight 

balance was used to determine the mass of each specimen. The volume was 

estimated from the dimension. The diameter and height of each samples 

were measured and used in calculating the volume (cm3) which is obtained 

by multiplying each base area and height.. 

Density was determined for each briquette as ratio of briquette weight to 

volume.  

                                 Density =             Weight of Briquette 

                                                               Volume of briquette 

 

Percentage Moisture Content (% MC): Percentage MC was determined by 

measuring 2g of pulverized briquettes into a crucible (w1). The content 

was dried in an over at 1100C -1200C for 2hrs to obtain over dry 

Weight (w2). Moisture Content was then calculated according to Davies 

and Abolude (2013) as: 

%Moisture content =           Initial weight (w1) - Dry weight (w2) x 100 

                                                         Initial weight (w1) 

Determination of Percentage Ash Content (%AC) 

2g of oven dried briquette sample were placed in the furnace at 

temperature of 5500C for 4hours and weigh after cooling 

Percentage Ash Content =            Weight of Ash x 100  

                                                         Weight of oven dried sample  
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Percentage Volatile Matter  

The volatile matter was determined by placing 2g of pulverized briquette 

sample in a crucible oven to obtain constant weight after it was kept in the 

furnace at temperature of 5500C for 10minutes and brought out to be 

cooled in the desiccators and weighed to determine the percentage volatile 

matter.  

Percentage Volatile Matter = Weight of dried samples – Weight of sample 

in furnance  x 100  

                                                                             Weight of oven dried samples  

Where B = weight of oven dried samples, C = weight of sample after 

10minutes in the furnace at 5500c. 

 

Determination of Percentage Fixed Carbon  

This was calculated by subtracting the sum of percentage volatile matters 

and percentage ash content from 100%  

Percentage Fixed Carbon =             100 – (%Volatile + %Ash content)  

Heating Value  

Heating value was calculated using the formula:  

HV = 2.326(147.6C + 144V) KJ/Kg Where: HV = Heating Value, C = 

Percentage Fixed Carbon and V = Percentage Volatile Matter 

 

RESULTS AND DISCUSSION 

Samples of the sun-dried briquettes produced are shown in Figures 1 and 

the results of experimental test conducted are shown on table 1. The 

results show that the calorific values Proximate analysis was carried out to 

determine the following combustion related properties of the briquette 

produced, Ash content, Percentage fixed carbon, Percentage volatile matter 

and Heating value. The results shows that heating values of the waste 

sample are 18724 KJ/kg, 18528 KJ/kg, 19480 KJ/kg, 18521 KJ/kg and 

22120 KJ/kg for rice husk, groundnut shell, corn cob, millet husk and 

melon shell respectively. From the foregoing, it is envisaged that industries 

that use their waste biomass for energy simultaneously would solve a 

waste disposal problem and save money on their Energy needs. Water 

Boiling Test (WBT) was also carried out to test the performance of all the 

fuels at ambient temperature and standard pressure. Test results show the 
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burning rate of briquette fuel of melon shell, corn cob, groundnut, rice husk 

and millet husk were on increasing orders respectively. 

 

Table 1: Result of proximate analysis, heating value and density of different 

briquette produced. 

Briquette Density(g/cm3) %Moisture 

Content 

%Ash 

Content 

%Volatile 

Matter 

%Fixed 

Carbon 

Heating 

Value(Kj/kg) 

Rice Husk  11.20 9.98 64.55 25.52 18724 

Groundnut 

Shell 

 9.75 10.85 68.50 20.65 18528 

Corn Cob  40.90 14.80 62.90 8.52 19480 

Millet Husk  26.30 17.70 56.56 25.74 18521 

Melon Shell  25.00 18.90 59.20 21.90 22120 

 

Conclusions and Recommendations 

Conclusions 

The study has shown that briquettes produced from groundnut shell, Corn 

cob, Mellon shell, rice husk and millet husk are good source of energy 

which could be tapped to replace fuel wood, and this will go a long way in 

improving the environment. The result show that all the waste samples 

considered have heat values greater than some well-known biomass-fuels 

and fall within the limit for the production of steam in electricity 

generation. The results shows that heating values of the waste sample are 

18724 KJ/kg, 18528 KJ/kg, 19480 KJ/kg, 18521 KJ/kg and 22120 KJ/kg for 

rice husk, groundnut shell, maize cob, millet husk and melon shell 

respectively. From the foregoing, it is envisaged that industries that use 

their waste biomass for energy simultaneously would solve a waste 

disposal problem and save money on their Energy needs. It was concluded 

that stable briquettes could be formed from waste biomass of rice husk, 

groundnut shell, melon shell, maize cob and millet husk mixed with cassava 

starch. 
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RECOMMENDATIONS 

Based on the conclusion of this research work, it can be seen that utilization 

of biogas technology is no longer a doubt; hence for effective utilization of 

the technology, the following recommendations are drawn for better 

performance of the system:  

- An awareness campaign for potential user should be undertaken to 

encourage the use of briquettes  

- As further research on other agriculture waste should be conducted  

- For successful introduction of the system requires education and 

training. 

- Research on the user friendliness of the briquettes should be 

undertaken to ascertain the ease of burn, ignition and CO2 emission 

of the briquettes since the starch content was high.  
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