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ABSTRACT 
 
 Forests are enormous energy stores for fuel. Global resource base and supply are currently diminishing due 
to rapid population growth. Their management involves schemes, which provide accessible alternatives and 
sustainable energy sources for posterity, while meeting today’s needs.Option involves densification of loose and 
granular wood and agricultural residues into compact and easily transportable fuel (i.e., briquette). This work 
compared the inter-specific calorific value (CV) variation of binder-less briquettes using sawdust from ten 
hardwoods and theircorresponding solid woods. The shavings were pressed at 300˚C and a load of 98 KN (i.e., 
10 tonnes) in a Piston presser. Briquettes (0.7g) and corresponding solid woods (0.7g) were combusted ina bomb 
calorimeter. CV was directly proportional to wood density. High-density timbers (Miliciaexcelsa, 
Mansoniaaltissima, Antiaristoxicaria and Tectonagrandis) pressed best with greater briquette CVs (i.e.,21.66-
28.53 MJ/Kg) than their corresponding solid woods (i.e., 17.29-25.93MJ/Kg). However, solid woods of the low-
density timbers(Triplochitonscleroxylonand Ceibapentandra)produced slightly greater CVs (17.96-22.46 MJ/Kg) 
than their briquettes (12.10-19.89 MJ/Kg). The non-timber species (Jatrophacurcas, Moringaoleifera and 
Bambusa vulgaris) generated lessCVs but greater for thebriquettes (17.96-19.02 MJ/Kg) than theirrelated solid 
woods (21.66-24.20 MJ/Kg). Thus, the voluminous hardwood sawdust produced annually as residues abounds in 
much potential energy and could be briquetted and utilized as bio-energy to generate heat for domestic and 
industrial applications and rid the atmosphere of the health-threatening pollutant. 
 
Key words: Bio-fuel, biomass densification, bomb calorimeter, non-timber species, sustainable energy,wood 

residue. 
 
Introduction 
 
 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 bio-
fuels, 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-fueltypes exist in different forms ranging from the raw wood material used as 
firewood through wood fibres compressed into briquettes to charcoal by carbonization.Three types of wood-fuel 
used in the UK include logs, and wood-chips. All are much less expensive and eco-friendly heating option than 
fossil fuels. 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). Increasing urbanization 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 6% annually (Ben-Dzam and Hagan, 
1986). 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 
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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 
arenaturally 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.  
 Briquetting involves the densification of loose granular material into compact and easily transportable fuel 
(Kristofferson and Bokalders, 1987). A briquette is a block of flammable matter used as fuel to start and maintain 
afire. Common types are charcoal and 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 utilizationof other forms (e.g. solid wood and charcoal) 
for energy production. Several Indian companies have switched from furnace oil to biomass briquettes to save 
costs on boiler fuels. The use of biomass briquettes is predominant in the southern parts of India, where coal and 
furnace oil are being replaced by biomass briquettes (Anon., 2012a). Briquetting is light and easy to transport, a 
clean fuel(since it produces less smoke)with a very high calorific value (Dutta, 2007). The calorific value of any 
fuel is its essential property, as it is a measure of the amount of energy the resource 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. 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. They also investigatedthat recoverable heat 
energy varies among tree species and even within species.This study assessed variation in the calorific values of 
briquettes made from ten traditionaltimbers with different densities and non-timber species and their 
corresponding solid woods.It also sought to investigate the differences in CVs among the plant species. The 
traditional timbers are commonly milled in sawmills, which generate the bulk of the sawdust produced, while the 
non-timber species are widely employed as fuel-wood. Itis the responsibility of the wood industryto increase the 
recovery rate of wood and decrease the waste of fuel by putting to effective energy usethe easily available wood 
residue into briquettes, which often require low cost machineryand technical skills (Anon., 2012c). This would 
contribute to thereductionintree-felling rate and impact on the forest for fuel (e.g. charcoal and firewood), which 
be obtained from wood residues including stumpages, branches and off-cuts.The present work sought to assess 
the heat value of sawdust briquettes from ten plants in relation to their corresponding solid woods. 
 
Materials And Methods 
 
Preparation of wood materials for briquette pressing: 
 
 Sawdust from sawn round-woods and corresponding solid woods were sampled from ten plants comprising 
hardwoods of different densities [Miliciaexcelsa(Welw.) C. C. Berg (odum), TriplochitonscleroxylonK. Schum. 
(wawa), Ceibapentandra(L.) Gaertn.(ceiba), TerminaliasuperbaEngl. & Diels (ofram), TectonagrandisL. 
f.(teak), MansoniaaltissimaA. Chev. (mansonia) and AntiaristoxicariaLesch. (kyenkyen)]and non-timber species 
[JatrophacurcasL. (jatropha), MoringaoleiferaLam. (moringa) and Bambusa vulgarisSchrad. ex J. C. Wendl. 
var. vulgaris Hort.(green bamboo)].The sawdust from each plant species was sieved through a wire mesh (1mm) 
to achieve fine and even-sized particles. Sawdust from each plant was screened for splinters and metals (e.g. 
nails and iron filings), air-dried to 15% moisture content (mc) to avoid bio-degradation and conditioned (at 25˚C; 
65% rh) for briquetting.Sawdust from each plant species was emptied into a hollow metallic cylindersealed at 
one end and mounted on a platform. The other end was sealed when the cylinder was filled to the brim. The 
platform was mounted on the presser.The sawdust was then heated to 300˚C, while a load of 98 KN (i.e., 10 
tonnes) was exerted on the metal cover to compact the sawdust with the Piston Press at the Faculty of 
Technology Workshop ofthe University of Education, Winneba (Kumasi Campus). After releasing the pressure, 
the cylinder was mounted between two platforms such that the thickness of the circumference laid on the 
platforms and the hollow part exposed. The load was exerted on the metal cover until each binder-lesscylindrical 
briquette (Plate 1) was released from the cylinder. 
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Determination of the calorific values of briquettes and solid woods: 
 
 The calorific value (i.e., heat quantity liberated when a unit mass of fuel is combusted at constant volume in 
oxygen saturated with water vapour, with combustion products being carbon dioxide, oxygen and nitrogen) was 
determined with a bomb calorimeter at the Department of Chemical Engineering, Kwame Nkrumah University 
of Science & Technology (KNUST), Kumasi. It recorded temperature changes from which the CV for each 
material was calculated. All the detailed corrections were made as stipulated by BS 526 (1961). A sample from 
each briquette (0.7g) was put in a weighed crucible, positioned in the seating of the bomb cover with a platinum 
wire attached across the terminals and touched the sample. Distilled water (15ml) was poured into the base of the 
bomb, which was carefully assembled and charged with oxygen to 2500 KPa (i.e., 25 atm), tested under water 
for leaks and dried. Distilled water (2400ml) was also emptied into the calorimeter vessel positioned in water-
filled jacket, which provided a constant temperature environment. The bomb was placed in the calorimeter vessel 
and the electrical leads connected to the circuit terminals, while a stirrer and Beckman thermometer were fixed 
and the stirrer gear set in motion. Thermometer readings were taken at a one-minute interval for a preliminary 
period of five minutes, and the firing of the circuit completed until the maximum temperature was attained and 
observed for further five minutes at a one-minute interval. The apparatus was regularly checked for complete 
combustion. Each test was run twice for briquettes and their corresponding solid non-briquetted samples dried to 
15% mc. The calorific value for each sample was determined (Equation 1):  
 

, (Equation 1) 
 
 Where: Wf(Kg) = the weight of the fuel (0.7g), Q (KJ/Kg) = the calorific value, Ww(Kg)= the weight of the 
water (4200ml) in the calorimeter vessel, Wa(Kg) = the “water equivalent” of the apparatus (482g), 4.2 = the 
density of water, ∆T = change or rise in temperature (ºC).The rise in temperature was obtained from a plot of 
temperature reading against time. Taking into consideration the necessary detailed corrections for calorific value 
test, the calorific values of the two fuel types (i.e. briquettes and related solid woods) of each species were 
calculated from the mean temperature values.  
 
results: 
 
Calorific values for briquettes and their solid woods from ten plant species: 
 
 CVs for the briquettes(Plate 1) ranged from 12.10 MJ/Kg (for C. pentandra; a light wood) to 28.53 MJ/Kg 
(for M. excelsa; a very dense wood) (Table 1; Fig. 1). For solid woods, M. excelsa once again generated the 
greatest amount of heat of 25.93 MJ/Kg with A. toxicaria having the least value of 17.29 MJ/Kg (Table 1). 
Calorific value for the dense timber species (i.e., M. excelsa, M. altissima and A.toxicaria) was higher for 
briquettes than for their corresponding solid woods. Conversely, lower values were recorded for solid woods of 
the non-timber species(J. curcas, M. oleifera, B. vulgaris) than their briquettes. Generally, M. excelsa had the 
greatest calorific value both as briquette and solid wood, while the lightest woods recorded the least (Table 1; 
Fig. 1). 
 
Table 1: Calorific values for sawdust briquettes and their related solid woods from ten plant speciesof different densities. 

Plant type Density status Density (kg/m³ at 12% mc) Calorific  value  (MJ/Kg) 
Briquette Solid wood 

M. excelsa  
High density 

650* - 750 28.53 ± 1.03 25.93 ± 0.56 
T. grandis 650* - 820 23.34 ± 0.89 22.46 ± 0.27 

M. altissima 650* - 720 22.91 ± 1.01 20.75 ± 0.56 
     

T. superba Medium density 550* - 650 19.89 ± 0.48 20.75 ± 0.52 
A. toxicaria 430* - 480 21.66 ± 0.47 17.29 ± 1.36 

     
T.  scleroxylon Low density 350  - 375* 12.90 ± 1.34 17.96 ± 0.86 
C. pentandra 300* - 400 12.10 ± 1.08 22.46 ± 1.12 

     
J. curcas Varied densities 

for 
Non-Timber Species 

330 - 370 19.88 ± 1.02 24.20 ± 0.99 
M.  oleifera 500 - 700 19.02 ± 1.16 24.20 ± 0.69 
B. vulgaris 472 - 565 17.96 ± 1.13 21.66 ±2.01 

*TEDB (1994) 
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Fig. 1: Calorific values for briquettes and their related solid woods from ten plants.  
 

 
 
Plate 1: Sawdust briquettes produced fromM. excelsa(odum) - high density wood(Left) andJ. curcas(Jatropha) - 

non-timber species (Right).  
 
Discussion: 
 
 Calorific value varies among wood-based fuelsbased on several parameters including the type of raw 
material (e.g. wood residue, paper and agricultural waste), species of organism, mc, chemical composites (e.g. 
holo-cellulose and lignin), additives (e.g.adhesives in wood composites and briquette-pressing) and extractive 
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components of wood. For the current study,most of these factors were kept constant such as the mc (kept at about 
15%). USDA (1979) related the variations in the recoverable heat energy of wood fuels to their mcs by stating 
that during combustion, moisture in wood would absorb energy andvapourize to reduce the CVs of fuels. With 
the mc kept constant,its effect could not account for the CV variation for the briquettes and their solid woods. 
However, the parameters that varied and were studied included the species type, density and texture of the raw 
materials used (i.e., sawdust for briquettesand their solid woods from round logs). 
 
Variation in calorific values forthe wood species: 
 
 Eberhard (1990) noted from a study on the calorific values of 108 tree species that a typical air-dried wood 
of 15% mc gave the average calorific value of about 18.34 - 22.49MJ/Kg. Harkeret al. (1982), who reviewed 791 
species, also reported the mean calorific value for all the woods as 20.82MJ/Kg. They found 90% of the 
observed values to lie between 18 and 21MJ/Kg, while the observation spread was at 19.5 MJ/Kg. CVs for this 
study conformed to the works of these researchers since the values for all the ten tree species range from 12.1 to 
28.53MJ/Kg for the briquettes and 17.26 to 25.93MJ/Kg for the solid woods in particular, with an observation 
spread of 20.31MJ/Kg and 21.59MJ/Kg respectively. The latter for the solid woods under investigation compares 
well with those observed for solid woods observed by the two researchers [Harkeret al. (1982) and Eberhard 
(1990)]. USDA (1979) related the variations in the recoverable heat energy of wood fuels to their mcs, and 
statedthat during combustion, moisture in wood absorbs energy and evaporates in the form of vapour thereby 
reducing the calorific heat value of the fuel. For this reason, the mcs of the selected species were kept constantto 
the extent that the effects of mc on calorific value does not account for the variation in the heat values of the 
briquettes that were produced and their corresponding solid woods. USDA (1979) reported variation in 
recoverable heat energybetween and within tree species. Unsurprisingly,CV variations also occurred within the 
ten wood species. Therefore, variation in CVs among the plant species could be accounted for by several distinct 
factorsincluding the unique features of eachplant.According to Haygreen and Bowyer (1982), one of such 
properties, which could account for variation in the CVs, was density, a factor which varied among the plant 
species. 
 
Influence of Density on Calorific Values of Wood: 
 
 Haygreen and Bowyer (1982) observed that dense woods (such as oak) are by far better as fuel materials 
than lighter species. Thus, high-density woods often show higher energy contents than a large amount of less-
dense woods (Ben-Dzam and Hagan, 1986). In the same vein,the heavy woods comprising M. excelsa,T. grandis 
andM. altissima (i.e. 650 - 820Kg/m3) generated much heat orgreatest CVsfor their briquettes (28.53, 23.34 and 
22.91 MJ/Kg respectively) and in the form oftheir solid woods (25.93, 22.46 and 20.75 MJ/Kg respectively) 
compared with values for the medium-density woods,namely A. toxicaria and T. superba(430 - 650Kg/m3). 
Thesealso produced relatively higher calorific values for their briquettes (21.66 and 19.89MJ/Kg respectively) 
and their solid woods (17.29 and 20.75MJ/Kg respectively) than the lightest woods such as T. scleroxylon and C. 
pentandra(i.e. 300 - 400Kg/m3). These low density woods had low heat values, especially for their briquettes 
(12.90 and 12.10MJ/Kg respectively). The non-timber species(J. curcas, M. oleiferaand B. vulgaris) with varied 
densitiesrelatively generated high CVs as briquettes (i.e., 19.88, 19.02 and 17.9MJ/Kg respectively) and as solid 
woods (i.e., 24.20, 24.20 and 21.66MJ/Kg respectively). 
 
Variation in calorific values between briquettes and solid woods: 
 
 A good briquette burns with very little smoke and greater CVs than solid wood since a considerable portion 
of the moisture and volatiles are removed during the briquetting process (Ben-Dzam and Hagan, 1986). 
Generally, variations exist between the CVs generated by solid woods and their briquettes made from the same 
tree species. However, the differences for some of the species were not generally significant (p< 0.05). This 
could be accounted for by factors such as wood density, briquetting factors (e.g. temperature, pressure, size or 
texture of wood particles and mc) and densification.Since all parameters in the briquetting processwere kept 
constant, CV variations between the briquettesand their solid woods could largely be attributed to the pressing 
and densification processesduring briquettingand theinherent properties for the two combustible substances 
(Kristofferson and Bokalders, 1987), which commonly include their chemical components such as holo-
cellulose, lignin, and extractives. Tillman (1978) observed that oil or resinous materials in wood contain high 
CVs, which could approach 34.88 MJ/kg and boost the heat values of wood fuels. Oil cells are characteristic of 
some plant families and are mostly contained in thin-walled cells (Wilson and White, 1989). Moringaspp. and 
Jatrophaspp. contain oil and diesel respectively, which consequently could raisetheir CVs despite their reduced 
densification. Bamboo is known to contain waxy materials, which also burn to generate greatCVs. The role of 
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densification on the CVs of the wood species cannot be overlooked. However, these extraneous metabolites have 
been established to influence the heat energies of thebiomass of several organisms including plant species.  
 
Influence of Densification on Calorific Values of Wood: 
 
 Densitification is the compaction of sawdust and other wood residues into briquette. Faxälv and Nyström 
(2007) assessed the CVs of several wood-fuels and concluded that sawdust briquetted under higher pressure 
gives higher potential energy, and reported that briquettes likely make water boil generally faster than both 
charcoal and firewood. Ben-Dzam and Hagan (1986) similarly observed that the degree of briquette densification 
influences its CV to the extent that the greaterthe compaction, the greateris its CV. Briquette compaction can be 
with or without a binder (Dutta, 2007). No binder was employed during the currentpressing of briquettes. 
However, it was clearly noted that sawdust from high density woods pressed best to form briquette even though 
the current densification process was without any binder. Dutta (2007) also related binder-less densification to 
natures’ own binder (i.e., lignin). When heating up the biomass to 300°C, lignin melts but when it is cooled down 
again, it stiffens to give the briquette the desired shape. Lignin in fibers therefore causes wood thickening and 
thereby increases its density (Wilson and White, 1989). Highdensity woods likely possess much more lignin than 
the lighter types, which contributed to bind the former’s briquettes better and accounted for their greater energy 
values than the less-density tree species (e.g. C. pentandra and T. scleroxylon). Consequently, briquettes of the 
woods with less fibrillar lignin were less compact after densification than their high-density counterparts as well 
as their solid woods. They had lower calorific values for their briquettes than their solid wood counterparts. It is 
worth-noting that in developing a total comparison among briquettes and solid woods from the same tree species, 
density and degree of densification should be well considered as factors of variation between them. High-density 
wood briquettes press, compact and briquette better than less-dense species, which are usually difficult to 
densifyor compact and briquette to givelower heat values. Nonetheless, these low-density species have greater 
CVs for their solid woods than their briquettes.However, Mid-Infra Red Spectral data from Nuopponenet al. 
(2006) from 491 Sitka spruce (Piceasitchensis) from 50 different clones, 24 different tropical hardwoods and 20 
Scots pine (Pinussylvestris) samples indicated that low-density samples had somewhat greater lignin contents 
than high-density samples. Correspondingly, high-density samples contained slightly more polysaccharides than 
low-density samples.  
 The non-timber species have fairly large CVs as briquettes but with greater values especially for their solid 
woods, whose energy and other properties compare well with the low and medium-density trees in terms of 
briquette production,CVsandtheir solid woods. Wood fuels are much less expensive and eco-friendly heating 
option than fossil fuels (Wood Fuel Resource, 2010). However, wood briquettes (i.e., heat logs, wood blocks or 
eco-bricks) are one of the fuels for the future and are an economical alternative to premium hardwood offerings 
(Anon., 2012b), as their production transforms obnoxious sawdust, off-cuts and other wood residues into 
productsof greater energy values. However, it is expected that higher proportions of high-density woods (mixed 
or from single species) and non-timber species containing greater amounts of extractives, oils, lignin, pectin and 
resinous substances should be put into viable use since these compounds increase the heat values of biomass. 
Finally, it is worth-noting that briquettes potentially offer several benefits over traditional biomass fuels 
(fire/solid wood or charcoal), which include their efficient uniformity and standardization, being tailored to 
particular usage (e.g. long burning time, stove types [institutional or households], smoke and ash levels); lower 
overall fuel costs for users as they are often made from readily available biomass waste from factories or the raw 
materials are easily grown.Production can use either no or low cost machinery and requires low technical skills. 
In most cases (unless a powerful machine is used), a binding agent is added. Clay is common, which additionally 
lowers the rate of burning to the extent that less heat is produced but for a longer period (Anon., 2012c).  
 
Conclusion: 
 
 Among the timbers, CV was density-specific. High-density timbers (M.excelsa, M.altissima, A. toxicaria 
and T.grandis) pressed betterand contained greater briquette CVs than their corresponding solid woods, while the 
low-density species (T.scleroxylonand C.pentandra), which were difficult to press, produced slightly higher CVs 
as solid woods than briquettes.The non-timber species (J.curcas, M.oleifera and B. vulgaris) produced fairly 
greater CVs than the lighter woods butsimilarly generated less CVs for their briquettes than their solid 
woods.Logs are typically sawn in the mills for value-addition. Generated wood residues, which are difficult to 
handle, store and transport,could be put to good energy use by pressing them into briquettes for the household 
and industry. This would contribute to thereduction of deforestation andriddance of the atmosphere of sawdust 
and other health-threatening pollutants. 
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