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                                                                     Abstract
The study focuses attention on the application of lower monocots – grasses and sedges, the annual, biennial and perennial dicots, and the leaves, of some higher deciduous dicots to cooking and heating. A burner that will use the fuel was designed, constructed and tested by using it to boil 10 litres of water under comparable conditions with other contemplary burners using conventional fuels.  The results showed that the burner boiled the water in 19 minutes, domestic gas cooker in 18 minutes, the kerosene stove in 30 minutes and the local fire place in 30 minutes.  This new fuel can, therefore, replace wood in most domestic and commercial activities like heating, cooking, etc. 
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                                                      Introduction
The application of heat energy to cooking and domestic heating dates back to the creation of man. Wood was the first source of energy and remained the only one way into the eighteenth century. The discovery and application of coal very rapidly replaced wood in domestic appliances, that is, cooking and heating, in mostly the present developed countries. Presently, gas dominates domestic cooking and heating in these same countries.  In African and most Asian countries, wood fuels has been, is and will continue to play a significant role in meeting the energy demand for cooking, water and space heating[1-4]. The increasing trend of wood fuel utilization shall be sustained for a long time as urbanization in most African countries implies a shift from fuel wood to charcoal; and the low carbonization efficiencies of charcoal production processes mean greater wood demand and consequently greater pressure on forest resources[4-8]. Wood fuels consumption remains a principal contributor to the rate of wood removal in Africa as it is estimated that over 92% of the total wood harvested in Africa goes for energy purposes[7]. 
The use of wood as an energy source have attracted considerable attention, which resulted in the development of different wood burning devices which are continuously improved to enhance its heat availability[9]. Despite these new developments, the rate of consumption of wood for energy purpose still constitutes a challenge to tropical forests that are now becoming denuded of trees. However, while forests store about 19% of the total carbon sequestered by terrestrial communities each year, tropical grasslands are credited with over 26%. In addition, periodically inundated grasslands result from deforestation and constant annual bush fire. Moreover, grasses and weeds grow everywhere; around houses, under trees, etc. Often grasses, weeds and leaves of trees around homes are cleared, gathered and burnt. The very high rate of regeneration of these grasses, weeds and leaves shows that it will be more environmentally friendly to use them as fuel as the carbon dioxide that will be released when they are burnt will be required for their regeneration[10-20]. The application of these resources as energy materials will reduce the pressure on the forest and consequently reduce deforestation, soil erosion and desertification.
It will be difficult to use these fuel materials in their crude state as combustion and temperature control will almost be impossible. The materials could, however, be processed by pulverizing and briquetting. Briquetting is the process of compressing pulverized materials into hard blocks, often with the aid of a binding agent. If combustibles materials are used, well compacted and allowed to dry well, the briquettes could be used as a substitutes for wood as a cooking or heating fuel[21-27]. 
The aim of this study is to investigate the possibility of applying lower monocots – grasses and sedges, the annual, biennial and perennial dicots, and the leaves of some higher deciduous dicots, hereto referred as lower grade biomass, to cooking and heating. The objective of the study is to design, construct and evaluate a burner for converting these resources into useful heating and cooking energy.
                                                          Methodology
	The materials were pulverized and briquetted using machines designed and constructed for the purpose.This burner is for commercial use i.e. people cooking large quantity of food at once, for example, restaurants, bukaterias, hostels and may be large families and it is designed to use the fuel in its briquetted form.
The burner shall use briquettes with forced draft and it consists of:
1)  Four (4) numbers of fuel arms: this one shall carry the briquette; so that 4 lumps of briquette approach the combustion chambers at once. Springs within the arms pushes the lump of briquette towards each other in the combustion chamber. So the four lumps are always touching. 
2) Pot seat: Its objective is to support the pot. It shall always be in contact with hot flames. So it shall be made of heat resistant material.
3) Top plate: To support the pot seat and fit onto the burner drum. This plate shall be lagged within to reduce heat loss through it.
4)  Outer Drum: this is the body of the burner.
5)  The Sliding Door: uncovers the ashtray and the internal oven where some drying processes can take place (e.g. fish and meat).
6)  The blower is to supply the air required for the combustion. The air is supplied to the air tank where the velocity is reduced before being supplied to the combustion chamber. 
7)  Air nozzles: directed at the fuel lumps in the combustion chamber. It supplies the combustion air to the fuel.
The amount of draft required normally depend on
(a)  The nature of the fuel
(b)  The depth of the fire to be maintained
(c)   The rate of combustion required 
(d)   The system designed.
The fuel is briquetted hence it will burn like wood. The size of the briquettes (0.045x0.045) is a major determinant in the sizing of this burner. However, since the combustion is air rich the amount of air required will be computed. Then invoking the general combustion equation(27), 
CxHyOzNaBb + ms (O2 + 3.76N2)              n1CO2 +n2H2O +n6N2 +n7BO3  ------------------(1)
And recalling that the ultimate analysis of Biomass gives elemental Carbon, Hydrogen, Oxygen and Nitrogen[14, 27], the combustion equation will reduce to 
CxHyOzNa + ms (O2 + 3.76N2)	   n1CO2 +n2H2O +n6N2       -----------------------------(2) 
Also, 	A/F	=	1.38(C/12 + H/4 – 0/32) 
On neglecting the Nitrogen and Sulfur then,  
	A/F	=	137.9x + 34.46y
				12x + y
The main constituent of wood, leaves and grasses is cellulose (C6 H10 05). Firstly, a stoichiometric combustion equation has to be set up, in order to determine the quantity of combustion air that will be necessary for complete combustion.   Hence,
C6 H10 O5 + ms (O2 + 3.76N2) = n1 CO2 + n2 H2O + n6 N2   ----------------------------------------(3)
n1 can be determined by investigating the carbon balance, from where 
n1  =   6,.  
Similarly, n2 can be determined by examining the hydrogen balance, such that 
     n2  =  5.  The oxygen balance can then be computed as
 n1 + 0.5n2 – (0.5)(5) = 6 + 5 (0.5) – (0.5)(5) =6.
Also the Nitrogen balance can be treated as
	n6	= (3.76)(6) + (0.94)(10) – (3.76) (0.5)(5)	= 31.96 –9.4
			=	22.56
That is, 22.56 moles of Nitrogen will accompany 6 moles of Oxygen to combust one mole of the fuel.  Hence, the Air/Fuel ratio on molar basis is
		(A/F)s	=	(22.56 + 6)/1   =	28.56
The air/fuel ratio for stoichiometric combustion on the basis of mass can be computed out of the (A/F)s by introducing the mass of the materials: -
i.e. 	(a/f)s	   = (A/F)s28.96 	          ---------------------(4)
MM fuel        
Where 28.96 is the molar weight of air. The molar mass of the fuel material can be calculated from its chemical equation while remembering that oxygen is not a part of it.  Hence, the molar mass of the fuel is  (12 x 6) + (10 x1) = 82
Thus 	(a/f)s	= (28.56)   28.96    
			       82              =  10.086   
It is well known that combustion with stoichiometric air will be incomplete within the time frame available for the process; usually termed residence time. So some percentage of air is usually added as excess air. For most authors 20% excess air is moderate and so shall be used in this design[27].  
Hence, a/f	=	12.0172 
Recalling that the flame speed for biomass is approximately 0.244 m/s[14], then the rate of airflow required with 20% excess air can be estimated as follows:
The area of biomass exposed to combustion at once is:
0.045 x 0.045, = 0.00020225m2/briquette. 

For the four briquettes, the total area exposed = 0.00081m2.
The mass therefore exposed to combustion at a time is  V,  where   =  density and V =  volume, i.e.	
m	=	0.491 x 0.00081 	=	0003977kg 
Rate of air flow required is, therefore,    
= 12.0172 x 0.0003977 x 0.244	= 0.001166 kg/s
The density of air at room temperature is about 1.177 kg/m3. So the volume of air that must be drawn in at room temperature is 

   = 0.00099m3/s
This will be divided into 4 equal parts for distribution as depicted in the design.  That is 0.00099/4 = 0.000248 m3/s will flow through one pipe. The diameter of the pipe can, therefore, be determined from
	m	=	A V                                                                (4) 
At the point of discharge the temperature is close to the flame temperature of 856.8650C, sousing air density at an average temperature of 428.43%,
[bookmark: _GoBack]M = 0.000248 m3 /s, ρ = 0.5 kg/m,3      V =	2.081m/s, Hence, A =  0.00103m2
Then, D = 0.018m  = 18mm diameter. That is the air nozzles or discharge orifice shall be 18 mm diameter. The other major component that needed to be computed is the critical thickness of the cylinder acting as the body of the stove. The computation yielded a thickness of 0.00299m using mild steel.
The burner was consequently constructed with the above calculated data.
Tests
The briquettes were introduced to the burners. The burner uses four briquettes at a time; the briquettes were lit to initiate the combustion process.
One of the experiments that were carried out was to boil a certain quantity of water using the commercial briquette burner, the domestic briquettes burner, standard gas burner, a kerosene stove, and local fireplace using common fuel wood.
In all the experiments, the combustion was allowed to stabilize before putting the pot in place. For example, the gas burnt for about 10second and the kerosene stove for about 30 second before the pot was put in place. For the briquette burners, and local fire place time was taken to ensure that ignition has been achieved and the system was self-sustaining before the pot was introduced.  
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Figure 1: Performance Analysis of the designed Burner

Fig 1 depicts the result of boiling the 10 litres of water using five different types of cooking facilities – namely, Standard Gas cooker, Kerosene stove, fuel wood in open fire, the domestic briquette burner and the commercial briquette burner.Figure 1 shows that the gas cooker is able to raise the temperature of the water to its boiling point within the shortest time of 18minutes. It was followed by the designed commercial briquette burner, which raises the temperature of the same quantity of water to its boiling point in 19 minutes. The kerosene stove achieved the same purpose in 30 minutes while the domestic briquette burner achieved it in 34 minutes.   The experiment also shows that it will cost $0.24 to boil the given quantity of water using gas, while it will cost $0.09 using kerosene.  A $0.05 quantity of wood was used to boil the given quantity of water while using the briquetted renewable energy resource in the designed burners cost only $0.005 to boil the same quantity of water. The fuel is thus cheaper than the present conventional fuels for the same purpose.  
                                                                 Conclusion
The burner was designed to use the fuel in its briquetted form.  The commercial burner was constructed and tested by using it to boil 10 litres of water under comparable conditions with other contemplary burners using conventional fuels.  The results showed that the commercial briquette burner boiled the water in 19 minutes, the domestic briquettes burner boiled it in 34 minutes, the domestic gas cooker in 18 minutes, the kerosene stove in 30 minutes and the fire place in 30 minutes. It can be seen that the time taken to boil the water by the designed commercial burner is in same range with that of the gas cooker. 
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