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Abstract: The use of wood is increasing on daily basis especially in the less technologically developed countries of the world. Heavy reliance on wood for domestic cooking would lead to deforestation or desertification. The present work identified biomass briquettes as viable alternatives or supplements to wood and petroleum based fuels for domestic and industrial cottage applications in Nigeria. Two sets of briquettes (one from cassava starch and the second from glue) were produced from each of the four selected residues. Briquettes from each set from the four residues were used to boil a measured quantity of water and temperatures were taken at various time intervals with the aid of mercury-in-glass-thermometer, which was inserted through a hole drilled on the cover of the pot. A stop clock was used to time the boiling process and readings were taken every two minutes interval until the water boils. Results of briquettes produced with glue as binding agent were compared with those mixed with starch. Firewood and kerosene were also used to boil the same quantity of water. Results of boiling test showed that it took 28 minutes for rice husk binded with starch and glue to boil the water, while the sawdust briquettes binded with glue and starch raised the temperature of water to boiling point in 26 and 28 mins respectively. It took melon shell briquettes binded with glue and starch 22 and 24 mins respectively to boil the water, while the time used by cassava peel briquettes binded with glue and starch to boil the same quantity of water were 20 and 22 mins respectively. Using firewood, the water boiled in 18 mins, while kerosene boiled the same quantity of water in 14 mins. The results had shown that biomass briquettes are good substitutes for firewood and kerosene. Of all the four biomass briquettes examined, briquettes from cassava peel and melon shells appear more efficient.
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1. Introduction
The use of wood is increasing on daily basis especially in the less technologically developed countries of the world (Aremu and Agarry, 2013). Heavy reliance on wood for domestic cooking would not solve the present energy crisis; rather it would lead to deforestation or desertification resulting in further scarcity of this resource (Salunkhe, et al., 2012). The use of kerosene and gas for cooking and domestic heating is very expensive and ordinary common in Nigeria cannot afford this. In Nigeria- a country that is so much endowed with many natural resources, there is problem of energy scarcity. More than 70% of the populace has no access to national grid and those who have access are experiencing low and epileptic supply coupled with high cost (Jekayinfa and Scholz, 2009;Oladeji, 2012a; Oladeji, 2013a). 
Agricultural biomass residues have the potential for the sustainable production of bio-fuels and to offset greenhouse gas emissions (Campbell et al., 2002; Sokhansanj et al., 2006; Oladeji, 2013b). Straw from crop production and agricultural residues existing in the waste streams from commercial crop processing plants have little inherent value and have traditionally constituted a disposal problem (Osadolor, 2006). In fact, these residues represent an abundant, inexpensive and readily available source of renewable lignocellulosic biomass (Liu et al., 2005). Agriculture offers much potential for renewable energy sources in form of biomass. With advances in biotechnology and bioengineering, some resources, which could have been classified as waste, now form the basis for energy production (McKendry, 2002; Oladeji, 2011).
The large quantities of agricultural residues produced in Nigeria can play a significant role in meeting her energy demand (Jekayinfa and Scholz, 2009). However, the abundant quantities of agricultural wastes and forest residues are neither managed effectively, nor utilized efficiently in all developing countries (Jekayinfa and Scholz, 2009). The common practice is to burn these residues or they are left to decompose (El-Saeidy, 2004; Jekayinfa and Omisakin, 2005; Husan et al., 2002; Oladeji, 2012b). This burning itself contributes to atmospheric pollution, but more than that; the burning or decomposition is a waste of available energy (Oladeji and Ogunsola, 2010).
There are many advantages to be derived from the use of agricultural residues for biomass energy generation. Notable among these advantages are low emissions of green-house and acid gases, which are friendly both to human and ecology (Oladeji, 2012c) .However, there are many challenges with the use of agricultural residues in their original form. Some of these drawbacks are the variable quality of the residue, the cost of collection, and problems in transportation and storage (Sokhansanj et al., 2006).
 	One of the promising technologies by which these agricultural residues could be converted to energy is briquetting process (Lucas and Oladeji, 2011). Briquetting is the process of compaction of residues into a product of higher density than the original raw materials. It is also known as densification (Kaliyan and Morey, 2008; Oladeji, 2013b). Among the notable advantages of briquetting process are increment in bulk density of biomass residues, lowering moisture content and making briquettes of uniform size and shape for easy handling, transport and storage. It also helps in uniform burning when used as fuel.
All crops and agro-processing residues, woody biomass, saw dust from timber mills, dried leaves from orchards, shrubs and grasses along the road sides can be used for briquetting. Crop residues like rice and wheat straw, cotton stalks and many agro-processing residues can also be briquetted. However, the main problem lies in their collection, drying, handling and transport (El-Saeidy, 2004). 
The aim of this present study was to evaluate the performance of briquettes produced from rice husk, sawdust, melon shell and cassava peels. This was done with a view of establishing them as viable alternative or supplement to fuel wood and kerosene.

2. Materials and Methods
        The biomass residues utilized in this study were obtained from farm waste dumps. They were sun-dried until stable moisture contents were obtained. The four residues were individually chopped into small pieces using a hammer mill and 4.70 mm particle size representing coarse series was chosen for each residue. The procedure as highlighted in accordance with ASAE424.1 (2003) was followed to determine the chosen particle size.
        A simple briquetting machine was fabricated to facilitate the process of conversion of the four residues into briquettes (Plate 1/Fig.1). Its design was based on hydraulic principle and it consists of four moulds where the briquettes were formed.
        Rice husk, sawdust, melon shell and cassava peel residues were separately mixed with starch and compacted with the briquetting machine. Another set of the same materials were mixed with glue and also compacted. The two set of briquettes were removed from the mould and were sun-dried under atmospheric condition. Set of briquettes with starch as a binding agent for each type of residue was used to boil a known quantity of water and with the aid of mercury-in-glass-thermometer; temperatures were taken at various regular time intervals. A stop clock was used to record the process and readings were taken every two minutes interval until the water boils. The same procedure was repeated for briquettes produced with glue as a binder and a comparison was made between the two sets. Furthermore, kerosene and firewood were also used to boil the same quantity of water. This was done with a view to comparing those briquettes from the residues with wood fuel and kerosene which serve as controls.
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Plate 1. Pictorial View of Briquetting Machine
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Figure 1. Isometric view of Briquetting Machine


3. Results and Discussion
             Results of performance of different briquettes were presented in Table 1. The Table also shows the temperature attained when a measured quantity of water was boiled using the different briquettes mixed with starch and glue. The performance of four selected biomass residues binded with starch and those binded with glue are depicted in Figures 2 to 5. On the same figures, they were furthered compared with the performance of firewood and kerosene. 
            The results of boiling tests showed that it took 28 minutes for rice husk binded with starch and glue to boil the water, while the sawdust briquettes binded with glue and starch raised the temperature of water to boiling point in 26 and 28 mins respectively. It took melon shell briquettes binded with glue and starch 22 and 24 mins respectively to boil the water, while the time used by cassava peel briquettes binded with glue and starch to boil the same quantity of water were 20 and 22 mins respectively. Using firewood, the water boiled in 18 mins, while kerosene boiled the same quantity of water in 14 mins. 
            Briquettes with glue as a binder showed better performance than their starch counterparts. The implication of this is that the quality and energy amount of biomass briquettes depend on the type of original biomass residue and type of binders used among other variables (Adegoke and Ajueytsi, 2003; Musa, 2007).
            From Table 1 and Figures 2 to 5, the briquettes produced showed good performance as cooking and heating fuels. Their performance was closed to firewood and kerosene, which makes them viable substitutes as well as good supplements to fire wood and kerosene. This confirms assertion by many researchers (El-Saeidy, 2004; Jekayinfa and Omisakin, 2005; Jekayinfa and Scholz, 2009; Wilaipon, 2008; Oladeji, 2012a) that a lot of energy abounds in biomass residues if converted to biomass fuel through various conversion routes such as briquetting, pyrolysis and anaerobic digestion among other methods. These results are also in agreement with the ones obtained by Osadolor (2006), where performance evaluation of briquettes produced from wood shaving and composite biomass were carried out.


  Table 1. Results of boiling test (Temperature versus Time)
	
Time
(min)
	Temperature (0C)

	
	Rice Husk
	Sawdust
	Melon shell
	Cassava peel
	
Firewood
	
Kerosene

	
	Starch
	Glue
	Starch
	Glue
	Starch
	Glue
	Starch
	Glue
	
	

	0.00
	25.0
	25.0
	25.0
	25.0
	25.0
	25.0
	25.0
	25.0
	25.0
	25.0

	2.00
	39.0
	36.0
	28.0
	31.0
	28.0
	33.0
	30.0
	35.0
	36.0
	39.0

	4.00
	42.0
	42.0
	35.0
	39.0
	33.0
	38.0
	38.0
	42.0
	40.0
	53.0

	6.00
	50.0
	49.0
	38.0
	42.0
	40.0
	43.0
	47.0
	52.0
	49.0
	65.0

	8.00
	54.0
	53.0
	45.0
	49.0
	48.0
	51.0
	55.0
	59.0
	57.0
	73.0

	10.00
	65.0
	59.0
	54.0
	56.0
	54.0
	57.0
	61.0
	66.0
	72.0
	85.0

	12.00
	69.0
	65.0
	61.0
	63.0
	62.0
	64.0
	71.0
	73.0
	80.0
	94.0

	14.00
	72.0
	70.0
	64.0
	68.0
	71.0
	71.0
	78.0
	85.0
	87.0
	98.0

	16.00
	75.0
	73.0
	73.0
	75.0
	79.0
	79.0
	83.0
	92.0
	91.0
	

	18.00
	78.0
	74.0
	77.0
	81.0
	86.0
	88.0
	89.0
	95.0
	96.0
	

	20.00
	81.0
	81.0
	81.0
	83.0
	91.0
	93.0
	94.0
	98.0
	
	

	22.00
	84.0
	86.0
	84.0
	87.0
	94.0
	98.0
	98.0
	
	
	

	24.00
	88.0
	93.0
	86.0
	94.0
	98.0
	
	
	
	
	

	26.00
	94.0
	96.0
	92.0
	98.0
	
	
	
	
	
	

	28.00
	98.0
	98.0
	98.0
	
	
	
	
	
	
	




      Figures 2 to 5 depict the performance of biomass binded with glue and those binded with starch. In each figure, comparison was done with firewood and kerosene and it could be seen that the biomass examined compared well with two fuels, which serve as controls. 
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Figure 2. Boiling test for Rice Husk with glue and starch compared with firewood and kerosene
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Figure 3. Boiling test for sawdust with glue and starch compared with firewood and kerosene

Boiling Time (min)
Figure 4. Boiling test for melon shell with glue and starch compared with firewood and kerosene


Boiling Time (min)
Figure 5. Boiling test for cassava peel with glue and starch compared with firewood and kerosene


Conclusions
 From the results and findings of this study, the following conclusions could be drawn:-
 i. The briquettes produced from the four biomass residues in this work would make good biomass energy.
 ii. The briquettes produced would make good substitutes as well as good supplements to firewood and kerosene.
iii. The briquettes produced with glue as a binder perform better than their cassava starch counterparts as the former took less time to reach the boiling stage.
iv. The quality and energy amount of biomass briquettes depend on the type of original biomass residue and type of binders used among other variables.
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STARCH	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	38	47	55	61	71	78	83	89	94	98	GLUE	2	4	6	8	10	12	14	16	18	20	22	24	26	28	35	42	52	59	66	73	85	92	95	98	FIREWOOD	2	4	6	8	10	12	14	16	18	20	22	24	26	28	36	40	49	57	72	80	87	91	96	KEROSINE	2	4	6	8	10	12	14	16	18	20	22	24	26	28	39	53	65	73	85	94	98	
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