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Abstract - In spite of the numerous advantages agricultural waste briquettes, have over loose agricultural waste;   there are needs to further improve on 
the fuel properties and combustion parameters. This improvement was done by briquetting composite agricultural waste in the percentage ratio of 50:50 
to form composite ricehusk/groundnut shell, ricehusk/sawdust and groundnut shell/sawdust briquettes. The ultimate analysis and the determination of 

the heating values of the composite briquettes carried out revealed improvement in the percentage composition of carbon, Hydrogen and the heating 
value of the composite briquettes. These are strong indications of more effectiveness of the composite agricultural waste briquettes, when used to fire 
heating devices such as cook stove, boiler, heating and melting furnaces.  
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1 INTRODUCTION 

 Energy resources are classified into two, namely 
renewable and non-renewable. The renewable are thought 
to be a better option since the non-renewable such as 
kerosene, diesel, gasoline etc have the capability not to be 
replenished and would be exhausted [1]. More so, the 
environmental impacts as a result of emissions of CO2 ,SO2 , 

NOx etc during combustion of the non-renewable  
resources, prompted the use of renewable for cooking and 
heating purposes .Out of the renewable sources of energy, 
agricultural waste is one of the most versatile. Energy from 
biomass which  includes  agricultural waste, has made the 
greatest contribution to national energy consumption in 
both developed and developing countries [2].  
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 The burning of the agricultural waste in loose form results 
in loss of fuel and widespread air pollution. However, 
briquetting the agricultural waste forestall the 
aforementioned problems. Agricultural waste briquettes 
have the following advantages over the loose ones, there is 

increase in the net calorific value per unit volume, the fuel 
is easy to transport and store, uniform in size and  quality. 

 Agricultural waste covers a wide range of different 
species which show large variation in composition and fuel 
characteristics [3]. However, the percentage composition of 
the combustible elements in the agricultural waste whether 
in loose form or briquette form are very low compare to 
fossil fuels [4]. Hence the low emissions of the oxides of the 
combustible elements. The emission of CO2 form the 
combustion of biomass (agricultural waste) is equivalent to 
the amount of CO2 absorbed during its growing cycle, so 
the net CO2 released is approximately zero by mass [5], [6], 
[7]. 

 It is evidently clear that the emissions from the 
burning of agricultural waste briquettes contribute little or 
nothing to global warming. 

 Composite agricultural waste briquettes may show 
variation in composition and fuel characteristics, when 
compared with homogenous agricultural waste briquettes. 
So knowledge about their ultimate analysis, heating values, 
and theoretical parameters such as theoretical air-fuel ratio 
and theoretical weight of dry flue gas have become 
imperative. The aim of this research work is to determine 
the aforementioned fuel properties and  theoretical  
parameters of the composite agricultural waste briquettes 
with a view to finding out whether there are significant  
increase or decrease in them, when compared with 
homogenous agricultural waste briquettes. 

2 MATERIALS AND METHODS 

2.1 Agricultural Waste Selected for Study  
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Rice husk, groundnut shell and sawdust were 
selected for study. 

2.2 Preparation of the Composite Briquette Samples 

 The composite briquette sample with ratio of their 
percentage compositions as shown in Table 1 were 
individually produced, using the  briquette making 
machine developed by [8].Starch was used as the 
binding agent. After production, the composite 
briquettes were oven dried to reduce the moisture 
content. 

Table 1 Percentage compositions of composite agricultural 
waste briquette 

Composite briquette 
sample  

Ratio of percentage 
composition 

Ricehusk and 
groundnut shell 

50:50 

Ricehusk and sawdust 50 :50 
Groundnut shell and 
sawdust 

50:50 

 

2.3 Ultimate Analysis of the Composite Agricultural 
Waste Briquette Samples. 

 The chemical compositions of composite 
agricultural waste briquettes include carbon, hydrogen, 
oxygen, nitrogen and sulphur among others. The ultimate 
analysis or the determination of their percentage 
compositions were carried out using standard methods. 
Thus, ASTM D5373-02 method was used for the 
determination of percentage composition of carbon, 
hydrogen and nitrogen, ASTM D4239-02 method was used 
for the determination of percentage composition of sulphur 
and ASTM D5142-02 method was used for the 
determination of percentage ash content of individual 
composite briquette samples.  The percentage oxygen 
content of the individual composite agricultural waste 
briquette was determined by difference 

as follows 

100 C H S N Ash .      (1) 

Where C, H,S, N ,O and Ash  are  the  carbon, hydrogen, 
sulphur , nitrogen, oxygen and ash content of the 
composite agricultural waste briquettes 
respectively. 

                     

2.4 Determination of Heating Value of the 
Composite Agricultural Waste Briquettes 

The heating value of the individual composite agricultural 
waste briquette was determined, following the procedure in 
accordance with the standard method (ASTM E711-87). 

2.5 Determination of Theoretical Air-Fuel Ratio for 
the Composite Agricultural Waste Briquette. 

 The theoretical air required for complete 
combustion of 1kg composite agricultural waste briquette, 
being a solid fuel was determined using the following 
equation given by [9]. 

 11.5 34.5 4.3 (2)
8

TW C S
O

H-
                             

 

Where WT is the theoretical  Air-Fuel ratio of the composite 
agricultural waste briquette. 

 

2.6 Determination of Theoretical Weight of Dry flue 
gas per kilogram of Composite Agricultural Waste 
Briquette. 

  The total theoretical weight of dry flue gases per 
kilogramme of the composite agricultural waste briquette 
was determined, using equation (3). 

dfg T
28 44 64

W` C C S W N                  (3)
12 12 32

= + + + 0 .7 6 8 +
  

Where Wdfg is the theoretical weight of dry flue gas per 
kilogram of composite agricultural waste briquette. 

3 RESULTS AND DISCUSSION 

 The results of the ultimate analysis and the 
determination of the heating values of the composite 
agricultural waste briquettes are depicted in Table 2. The 
results of the determination of the theoretical air- fuel ratio 
and weight of dry flue gas of the composite agricultural 
waste briquettes are shown in Table 3. 

Table 2: Ultimate Analysis Heating value of the Composite 
agricultural waste briquettes. 

Parameters Ricehusk/ 
groundnut 
shell briquette  

Ricehusk 
/sawdust 
briquette 

Groundnut 
shell/ sawdust 
briquette. 

Ash content 
% 

18.21 18.4 2.1 

Carbon 
content%       

48.7 51.6 
 

53.1 

Hydrogen `    6.2   
content%                   

   7.8              8.1 

Nitrogen 0.71 0.66 0.93 
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content% 
Sulphur 
content% 

0.02 0.03 0.02 

Oxygen 
content% 

26.16 21.51 35.75 

Heating 
value MJ/kg 

17.92 19.47 19.86 

 

 Table 3: Ultimate Analysis and Determination of Heating 
Value of Homogenous Agricultural Waste done by 
Previous Researcher 

 C% 
 

H% 
 

N% 
 

S% 
 

O% 
 

Ash
% 
 

CV 
MJ/
kg 
 

Sour
ce 
 

Ricehu
sk 

42.1 
37.9
0 
38.2 

5.8 
4.82 
5.57 

0.38 
0.43 
0.36 

0.05 
0.17 
0.03 

51.6
7 
34. 
* 

18.6
0 
21.7 
16.4 

13.38
9 
12.32 
15.15 

[10] 
[11] 
[12] 

Groun
dnut 
shell 

50.9 
45.9 
* 

7.5 
5.34 
* 

1.2 
1.09 
* 

0.02 
0.01 
* 

40.4 
36.3 
* 

3.1 
2.3 
* 

* 
17.8 
15.7 

[6] 
[13] 
[14] 

Sawdu
st 

52.2 
48.5 
* 

5.2 
3.96 
* 

0.47 
0.24 
* 

* 
0.01 
* 

40.8 
27.1 
* 

1.2 
7.94 
* 

* 
* 
18.8 

[15] 
[16] 
[17] 

Cv represents heating value and * means not available. 

 

 

 

 

Table 4: Theoretical Air-Fuel ratio and Weight of Dry flue 
gas per kilogram of the Composite Agricultural waste 
Briquette. 

Types of composite 
briquettes 

Air-fuel ratio Weight of dry 
flue gas per kg of 
composite 
briquette   

Ricehusk/groundnut 
shell 

6.61 8.01 

Ricehusk/sawdust 7.70 9.02 
Groundnut 
shell/sawdust 

7.36 8.85 

 

 It can be seen from Table 2 that, the carbon and 
hydrogen content of composite groundnut shell and 
sawdust briquettes are higher than that of composite 
ricehusk and sawdust briquettes and composite ricehusk 
and groundnut shell briquettes. When compared with the 
carbon and Hydrogen content of homogenous agricultural 

waste or briquette, that was determined by previous 
researchers depicted in Table 3, those of the composite 
briquettes are higher. The heating values of the composite 
briquettes were found to be higher than those of 
homogenous agricultural waste or briquette, as evident in 
Tables 2 and 3.  It should however, be noted that heating 
value of biomass (Agricultural waste) depends on the 
percentage of carbon and hydrogen, because they are the 
main contributors to the heating values of biomass material 
[18], [19]. 

 From Table 2, it can be seen that the percentage 
nitrogen content of the composite agricultural waste 
briquettes are higher than those of homogenous 
agricultural waste briquettes obtained by previous 
researchers shown in Table 3. It should be noted that the 
low percentage of nitrogen in the agricultural waste 
briquettes whether homogeneous or composite result in 
low emission of NOx .The nitrogen that comes with air for 
combustion of agricultural waste does not oxide because it 
oxides at a temperature of about 15000C [9] and the 
combustion temperature of agricultural waste briquette is 
less than 15000C. 

The percentage sulphur content in the composite 
agricultural waste briquette is very low as seen in Table 2. 
There are no significant increases when compared to those 
of homogenous agricultural waste determined by the 
previous researchers depicted in Table 3. However, the low 
sulphur content in any case will result in low emission of its 
oxides when the briquettes are combusted. The oxygen 
content of the composite briquettes is less than that of 
homogenous briquettes as seen in Tables 2 and 3. High 
amount of oxygen may lead to increase in NOX and SOX 
emission [7]. So, less emissions of the oxide of Nitrogen and 
Sulphur from composite briquette is expected, compare to 
those from homogenous briquette. 

 The ash content of composite Ricehusk and 
groundnut shell briquettes were found to be higher than 
that of homogenous groundnut shell briquettes. That of 
composite ricehusk and sawdust briquette is in an average 
range of the ash content of homogenous rice husk briquette 
and far higher than that of homogenous sawdust briquette. 
These are evident in Tables 2 and 3. It should be noted 
however, that high ash content reduces ignitibility of the 
fuel (briquettes) [20]. 

 It can be seen from Table 4, that the composite Rice 
husk and sawdust briquette has the highest theoretical Air- 
fuel ratio followed by composite groundnut shell and 
sawdust briquette. The composite ricehusk and groundnut 
shell briquette have the least air fuel- ratio. 

 Nevertheless, in order to maximize combustion 
efficiency, the actual air - fuel ratio must be maintained as 
close as possible to the stoichometric ratio or theoretical air 
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fuel ratio to reduce the amount of unburnt hydrocarbon in 
the combustion products [7]. 

 From Table 4, it can also be seen that as theoretical 
air fuel ratio increased, the theoretical air flue gas increased. 
In actual practice, the weight of the flue gases are expected 
to be higher than the theoretical weight of the flue 
gases.This is because excess air  is always used and the 
more the excess air is used the greater will be the weight of 
flue gas per unit weight of the fuel burnt [21].  

4. CONCLUSION 

  Composite agricultural waste briquettes in the 
percentage ratio of 50:50 have enhanced Carbon and 
Hydrogen contents as well as heating value, as it is evident 
in this research work. So the composite agricultural waste 
briquettes provide better alternatives to fossil fuel for firing 
heating and melting devices. 

 Agricultural waste are produced in large quantities 
and are disposed indiscriminately most especially in the 
rural areas of developing countries, thereby causing health 
hazard. The increasingly  use of these wastes  in composite 
briquette form,  also help in solving  disposal problem apart 
from providing good alternatives to fossil fuel. 

REFERENCES 

[1]  O. A  Kuti,  “Impact of charred palm kernel shell on the 
calorific value of composite sawdust briquette”. Journal of 
Engineering and Applied Sciences 2(1): 2007, pp62-65. 

[2]. A. N Anozie, O.J Odejobi and E. E Alozie, “Estimation 
of carbon emission reduction in a cogeneration system 
using sawdust, energy sources”, Part A: Recovery Utilization 
and Environmental effects. Vol. 31, Issue 9, 2009, pp.711-721. 

[3]. H. Stefan and F. Hans, “Emission of biomass 
combustion plants” available at 
www.bayan.de/ifu/Luft/emicontrol3.htm-6k, August 12, 
2008. 

[4]. N. A. Musa , “Fuel characteristics of some selected 
biomass briquettes”. International Journal of Science and 
Technological Reseach Vol. 3. No. 2, 2006, pp.193-201 

[5] D. O. Hall and J.I. Scrase, “Will Biomass be the 
environmental friendly fuel of the future? Biomass and 
Bioenergy, 15:, 1998, pp.357-367 

[6]. J. Weither, M. Saenger, E. U. Hartge, T. Ogada, and Z. 
Siagi, “Combustion of agricultural residues”. Progress in 
Energy and Combustion Science. Vol 26, 2000, pp.1-27. 

[7]. L.V. Han, “Co-firing of rice husk for electricity 
generation in Malaysia”. B.Eng; Dissertation,  Faculty of 

Engineering and Surveying, University of Southern 
Queensland, 2004. 

[8]. N. A. Musa, “Development and performance evaluation 
of biomass briquette making machine”. Journal of Science 
and Technological Research. Vol. 6. No. 3, 2007, pp.72-77 

 [9]  P. K.  Nag, Power Plant Engineering.  New Delhi, India.  
Tata McGraw-Hill publishing Company Ltd, 2001, pp.76-
180. 

[10].J. T. Oladeji, “Fuel characterisation of briquettes 
produced from corncob and rice husk residues”. The pacific 
Journal of Science and Technology. Vol. 11, No 1, 2010, pp.101-
106. 

[11] .W. Permchart and S. Tanatvanit, “Preliminary 
investigation on combustion characteristics of rice husk in 
FBC”. World Academy of Science, Engineering and Technology. 
56, 2009, pp.183-186. 

[12]. R.M. Singh, H Kim, M. Kamide and T. Sharma, 
“Biobriquettes-an alternative fuel for Sustainable 
development”. Nepal Journal of Science and Technology. 
Volume 10, 2009, pp.121-127. 

[13]. A.G. Mohol and S.R Gadge, “Thermal energy 
consumptiom pattern in biomass based cotton seed dryer 
”available at www.ieindia.org/pdf/88AG210-pdf.  
December 4, 2010.  

[14]. H. A.  Olutayo, “Combustion related characteristics of 
some by-products of agricultural processing industries”. 
Biomass. Vol. 18, issue 1, 1989, pp.69-72. 

[15]. B. Buragohain, P .Mahanta and V. S. Moholkar, 
“Investigation in gasification of biomass mixtures using 
thermodynamic equilibrium and semi equilibrium models”. 
International Journal of Energy and Environment. Vol. 2, Issue 
3, 2011, pp551-578 

[16]  R. K. Srinivaso and R. G. Venkat, “Effect of secondary 
air injection on the combustion efficiency of sawdust in a 
fluidized bed combustor.” Brazilian Journal of Chemical 
Engineering. Vol. 25, 2008,  pp.129-141 

[17] S. C. Bhattacharya, A. H. Md, M. Siddique. Augustus 
Leon., Pham, H.C and Mahandari, C.P. (2001). “A study on 
improved institutional biomass stoves”. Asian Institute of 
Technology Journal. pp 1-6 

[18]. A.B. Nasrin, Y. M. Choo, W. S. Lim, L. Joseph, S. 
Michael, M. H. Rohaya , A. A Astimar  and S.K.  Loh, 
“Briquetting of empty fruit bunch, fibre and palm shell as a 
renewable energy fuel”. Journal of Engineering and Applied 
Sciences 6(6), 2011, pp446-451 

http://www.bayan.de/ifu/Luft/emicontrol3.htm-6k
http://www.ieindia.org/pdf/88AG210-pdf


International Journal of Scientific & Engineering Research Volume 3, Issue 6, June-2012                                                                                         5 
ISSN 2229-5518 

IJSER © 2012 

http://www.ijser.org  

[19]. A. Demibras, “Biomass resource facilities and biomass 
conversion  processing for fuel and chemicals”.  Energy 
Conversion and Management,Vol. 42, 2001, pp.1357-1378 

[20]. A.  Demibras, “Physical properties of briquettes from 
waste paper and wheat straw mixtures”. Energy Conversion 
and Management, Vol. 40, 1999, pp.437-445. 

[21]. D.  Chhangani   “Monitoring and controlling the stalk 
gas temperature”. Available at  
www.energymanagertraining.com/book all/ 
...pdf/p08psjalkote.pdf, December 29, 2011. 

http://www.energymanagertraining.com/book%20all/%20...pdf/p08psjalkote.pdf
http://www.energymanagertraining.com/book%20all/%20...pdf/p08psjalkote.pdf

