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Abstract
The utilization of wood is increasing on daily basis especially in the less technologically developed countries of the world. Heavy reliance on wood for domestic and industrial applications would lead to deforestation or desertification. This paper therefore, reviews the development and potentials of briquettes from the waste wood (sawdust) generated from timber processing mills in Nigeria with a view to evaluate its potentials for domestic energy use. The available information showed that this wood wastes currently lacks a useful purpose, and its indiscriminate burning generates CO2 emissions. The relative high heating values of the briquettes biomass materials indicated that they can be a very good alternative source of energy for domestic cooking. The utilization of these residues for briquettes will ensure environmental friendly society. The heating values of briquettes from some selected wood species were presented in the paper.
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Introduction
Renewable source of energy is the fastest-growing source of world energy, with consumption increasing by 3.0 percent per year (EIA, 2009). This is due to its environmental friendliness as against the rising concern about the environmental impacts of fossil fuel use and also strong government incentives for increasing renewable penetration in most countries around the world (EIA, 2009). Biomass is one of the most common and easily accessible renewable energy resources. Globally, biomass currently provides energy in the form of combustible biomass and wastes, liquid biofuels, solid biomass/charcoal, and gaseous fuels. This share is estimated to be over 10% of global primary energy, but with over two-thirds consumed in developing countries as traditional biomass for household use (IEA, 2009). Traditionally, energy in the form of firewood and charcoal has been the major source of renewable energy for most developing countries including Nigeria. 
The role of energy in sustainable development process is vitally gaining more attention and concern over the last few decades than ever. The core problem is how global energy needs could be met and concurrently protects our environment and the natural resources (Wilkin, 2002). Until recently, the history of fuels was that of biofuels which cover a wide range of energy resources from wood-fuel to large volumes of urban wastes. However, wood is one of the most important resources and has been the primary fuel since fire discovery (El- Hinnawi and Biswas, 1981). Several wood-fuel types exist in different forms ranging from the raw wood material used as firewood through wood fibres compressed into briquettes to charcoal by carbonization.
Moreover, wood-fuel is a renewable energy source, as they could be easily grown in few years
(Wood Fuel Resource, 2010). Firewood can be obtained directly from the forest or as off-cut from wood-using industries. Though it is easy to acquire without any complicated process to render it utilizable, firewood has few demerits, which discourage its use. These include the production of harmful gases that add up to the atmospheric carbon dioxide budget and pose threats to the health of humans by causing respiratory diseases. The pressure on trees also causes desertification, while the destruction of the vegetation leaves the land bare (El- Hinnawi and Biswas, 1981). 
Increase in population has necessitated also a shift from the use of firewood to charcoal in developing nations whose consumption is estimated to grow at an alarming rate of 20% annually (Adegoke and Fuwape, 2008). This high consumption rate, especially in urban areas and equally high rate of firewood consumption by the rural communities, usually results in the indiscriminate felling of trees. However, the role of the forest in the socio-economic development of several nations and energy provision need not be over-emphasized. Energy for industrial and domestic utilization (i.e., electricity, bio-gas and fossilized fuel) is a problem, especially in developing nations, while the costs soar. Alternative, cheaper and accessible forms of energy are ceaselessly encouraged and sourced. These include the improvement and use of the gargantuan agro- and wood-residues, which are prospect energy sources. Wood-fuel such as charcoal and firewood from round or solid woods are naturally bulky and make storing and transport difficult. Wood residues generated from harvesting of round logs, which include off-cuts, stem-branches, stumpages and fuel from ‘mill rejects’ are produced in greater quantities unutilized although they have much potential energy. These are badly handled, as they are either burnt or allowed to decompose such that briquetting technology seems to be one of the suitable options for the disposal of these residues. Briquette production for household energy can substantially reduce 90% of firewood harvested from the forest.

Sources of Raw Materials for Briquette Production
Briquette production technology is the process of binding together loose granular material into solid block of wood to improve the combustion related properties and also handling quality for easy transportation. (Adegoke, et.al. 2010). A briquette is a block of flammable matter used as fuel to start and maintain a fire. There are two common types:  carbonized/charcoal and un-carbonised/ biomass briquettes (Anon., 2012a). Biomasses suitable for briquette include wood residues from the forests after tree-logging (e.g. off-cuts, branches and stumps) and from wood based industries (also including sawdust from sawmills which pollute air, land and water bodies). Briquette is an important bio-fuel with numerous advantages over the utilization of other forms (e.g. solid wood and charcoal) for energy production. Briquettes are handy and easy to transport, a clean fuel (since it produces less smoke) with a very high calorific value (Adegoke et. al.2009). The calorific value of any fuel is an essential property, as it is a measure of the amount of energy the material is capable of producing. Thus, Eastop and McConkey (1993) defined it as the number of heat units obtained by the complete combustion of the unit mass of fuel. Several experiments have been conducted over the years to relate the calorific values of different wood fuels as presented in Table 1. Tillman (1978) stated that while the physical structure (e.g. cell wall) is not an important parameter in determining the energy value of wood fuels (e.g. briquettes, solid wood and charcoal), the chemical composition is critical. Ben-Dzam and Hagan (1986) noted that a good or an effective briquette has a much higher calorific value (CV) than solid wood since a considerable portion of the moisture and volatiles are removed during the briquetting process. USDA (1979) related the variations in the recoverable heat energy of wood fuels to their moisture contents and chemical compositions. 
The adoption and utilization of briquettes as an alternative fuel would contribute to the reduction in tree-felling rate and impact on the forest for fuel (e.g. charcoal and firewood), which could be obtained from wood residues including sawdust, stumpages, branches and off-cuts. This paper reviews the potentials of wood and agricultural residues for energy generation in Nigeria.
Table: 1 Heating Values of Briquettes from some selected wood species sawdust
	Wood Species
	Heating Values    (Kcal/kg)

	Gmelina arborea
	7,322.16

	Afezilia Africana
	3,268.50

	Cordia millenii
	5,076.00

	Triplochiton scleroxylon
	3,96.99

	Terminalia superba
	3,665.67

	Cedrela odourata
	2,332.42


Source: Adegoke et. al. 2010
Types of Briquettes
There are two major types of briquettes based on the technologies adopted for the production.
· High compaction technology or binderless technology consists of the piston press and the screw press. Most of the units are the reciprocating type where the biomass is pressed in a die by a reciprocating ram at a very high pressure. In a screw extruder press, the biomass is extruded continuously by a screw through a heated taper die in which the lignin components of the biomass serves as natural binder. 
· Low compaction technology or additive technology, this process employ the use of manually operated machine in which a binder is requires bringing together the granular particles for agglomeration. Briquettes produced from this process are usually characterized with low densities regardless of biomass nature.
Environmental Benefits of using Briquettes over Charcoal and firewood
· Briquettes are cheaper than coal. 
· Oil, coal or lignite, once used, cannot be replaced. 
· There is no sulfur in briquettes, thus does not pollutes the environment. 
· Biomass briquettes have a higher practical thermal value. 
· Briquettes have much lower ash content (2-10% as compared to 20-40% in coal).
· Combustion is more uniform compared to coal 
·  Briquettes are usually produced near the consumption centers and supplies do not depend on erratic transport from long distances. 
·  Briquettes give much higher boiler efficiency because of low moisture and higher density. 
Conclusion and Recommendations
The domestic use of sawdust briquettes in low-income families constitutes an important alternative that should be further developed as it allows for the economic revaluation of wood waste and the mitigation of greenhouse gas emissions. The sawdust briquette has positive results compared to the bio-fuel materials currently used, with a higher bulk density, similar levels of calorific power, less moisture, and low levels of fixed carbon, chlorine and sulphur, promoting a healthier environment for the consumer and the environment.
The energy content of sawdust briquettes is considered sufficient for domestic use in low-income sectors even with the use of manual briquetting machine. Including different traditional fuels in sawdust briquettes would increase its calorific power but would also increase costs that the resident is unable to pay.
Fuel briquettes come in different qualities and dimensions based on raw materials used and technologies applied in production, and require appropriate targeting of different market segments.
The development and proper adoption of briquettes as alternative to fuel wood and charcoal in Nigeria requires government involvement for publicity and wider acceptability.
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