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 
Abstract—The fuel potential of six tropical hardwood species 

namely: Triplochiton scleroxylon, Ceiba pentandra, Aningeria 
robusta, Terminalia superba, Celtis mildbreadii and Piptadenia 
africana were studied. Properties studied included species density, 
gross calorific value, volatile matter, ash content, organic carbon and 
elemental composition. Fuel properties were determined using 
standard laboratory methods. The result indicates that the gross 
calorific value (GCV) of the species ranged from 20.16 to 22.22 
MJ/kg and they slightly varied from each other. Additionally, the 
GCV of the biomass materials were higher than that of other biomass 
materials like; wheat straw, rice straw, maize straw and sugar cane. 
The ash and volatile matter content varied from 0.6075 to 5.0407%, 
and 75.23% to 83.70% respectively. The overall rating of the 
properties of the six biomass materials suggested that Piptadenia 
africana has the best fuel property to be used as briquettes and 
Aningeria robusta the worse. This study therefore suggests that a 
holistic assessment of a biomass material needs to be done before 
selecting it for fuel purpose. 

 
Keywords—Ash content, Briquette, Calorific value, Elemental 

composition, Species, Volatile matter.  

I. INTRODUCTION 

N line with the annual increase in demand for energy 
globally, energy demand in Ghana has increased 

significantly as a result of population increase and 
urbanization [1]. The availability of energy for domestic use in 
Ghana continues to pose a formidable challenge, especially 
with the high cost of cooking gas and kerosene. The increase 
in price of fossil fuels has resulted in increased consumption 
of wood fuel, particularly wood charcoal [1]. According to [1], 
as indicated in Table I the consumption of wood fuel in Ghana 
increased from 20,678,000 m3 in 2004 to 35,363,400 m3 in 
2008, whilst the consumption of wood charcoal increased 
from 752,000 m3 to 1,477,700 m3 during the same period. 
Additionally, it was estimated by [2] that wood for use as 
firewood and for the production of charcoal will increase from 
an average value of 37,600,000 tonnes in 2008 to 58,700,000 
tonnes by 2020. Although consumption of biomass fuels like 
firewood and charcoal are not bad, in that, they result in less 
damaging effect of the environment [3], this trend of shift in 
energy consumption towards firewood and charcoal would 
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have serious consequence on the diminishing forest resources 
of Ghana. Besides, utilization of firewood and charcoal for 
cooking over open fires is highly inefficient in that it result in 
transfer of only 5 - 10% of the fuel’s energy to the cooking pot 
[4]. The solution to this problem of increased reliance on 
firewood as domestic cooking fuels is the exploitation and 
development of biomass residue generated in Ghana. 
 

TABLE I 
CONSUMPTION OF WOOD FUEL AND WOOD CHARCOAL IN GHANA FROM 2004 

– 2008 [1] 
Year Wood fuel (m3) Wood charcoal (t) 

2004 20, 678, 000 752, 000 

2005 20, 678, 000 752, 000 

2006 33, 039, 530 1, 358, 977 

2007 31, 477, 900 1, 418, 300 

2008 35, 363, 400 1, 477, 700 

Total 141, 236, 830 5, 758, 977 

 

Biomass residue is generated in large quantities in Ghana 
annually and is available as a free, indigenous and 
environmentally friendly source of energy. It has been 
estimated that about 4,530,320 tonnes of agricultural residue 
was generated in Ghana in the year 2010 [5], [6]. Additionally, 
[7] indicated that about 142,080 m3 of sawdust was generated 
in Ghana in the year 2008. Sawdust and agricultural residues 
have become the most promising choice as cooking fuels due 
to their availability in substantial quantities as waste annually 
[4]. A study conducted by [8] indicated that the fuel properties 
of sawdust of tropical hardwood species could be significantly 
enhanced through the application of densification technology 
at room temperature (28oC) using low compacting pressure 
(10 - 50 MPa). Similar study indicated that a combination of 
agricultural waste materials like maize cobs and sawdust of 
low density species could significantly improve the physical 
and mechanical properties of briquettes produced from maize 
cobs [9]. However, for the efficient utilization of biomass 
residue as domestic and industrial fuel, they have to be 
characterized. According to [10], [11], the fuel properties of 
wood can be summarized by their elemental and proximate 
analyses and determination of heating value. These fuel 
properties include species density, calorific value, volatile 
matter, nitrogen, hydrogen, sulphur, arsenic, cadmium, copper 
and lead content of the raw material. Comparison of burning 
characteristics and some chemical elements in biomass 
materials show that the composition of samples varies 
considerably. Since briquettes can be made from wide 
varieties of biomass residues, selection of the best material for 
making briquettes has to be made based on the one that has 
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better fuel properties or positive fuel attributes [4]. Thus, this 
study which forms part of a broader research on briquetting 
characteristics of sawdust of six tropical hardwood species 
sought to investigate the fuel properties of sawdust of six 
species frequently sawn in Ghanaian sawmills. 

II. MATERIALS AND METHODS 

A. Materials and Material Preparation 

Sawdust and wood samples from the following tropical 
hardwood species: Triplochiton scleroxylon, Ceiba pentandra, 
Aningeria robusta, Terminalia superba, Celtis mildbreadii and 
Piptadenia africana were used for the study. The sawdust was 
sun dried at an average relative humidity and environmental 
temperature of 75% and 28oC respectively for between 5 to 7 
days.  

B. Density of Timber Species 

Densities of the six timber species from which sawdust was 
collected for the study were determined in accordance with 
[12]. Fifteen clear specimens with dimensions 20mm x 20mm 
x 30mm were prepared for each species. The oven-dried 
masses of the specimens were determined. Thereafter, they 
were dipped one by one in a paraffin wax and then kept in a 
desiccator. The volume displacement method which employs 
the use of Eureka can and a measuring cylinder was used to 
determine the volumes of the specimen. The density of each 
specimen was then computed as:  

 

ݕݐ݅ݏ݊݁ܦ ൌ
ெ௔௦௦	௢௙	௦௣௘௖௜௠௘௡

௏௢௟௨௠௘	௢௙	௦௣௘௖௜௠௘௡
         (1) 

C. Gross Calorific Value 

The gross calorific value of the samples of biomass 
materials was determined in accordance with [13]. This was 
done using an adiabatic bomb calorimeter. About 0.4g of each 
sample was burnt in the bomb calorimeter until complete 
combustion was obtained. The difference between the 
maximum and minimum temperatures obtained was used to 
compute the gross calorific values of the biomass materials as: 
 

Q ൌ
ሺC୵ୟ୲ୣ୰ ൅	Cୡୟ୪	ሻ	ሺTଶ െ	Tଵሻ°C	

W୤
 

 
where: Q = Calorific value of species (kJ/kg); Wf = Weight of 
the biomass material sample (kg); Ccal = Heat capacity of the 
bomb calorimeter; T2 – T1 = Rise in temperature ; C water = 
Heat capacity of water. 

D. Proximate Analysis 

1. Percentage (%) Ash Content (PAC) 

PAC of the biomass materials was determined in 
accordance with [14]. This was done by heating approximately 
2g of oven-dried mass of each biomass material with particle 
size of 425µm, in an electric furnace at a temperature of 600oC 
for four hours. Thereafter, it was cooled in a desiccator and 
weighted to represent the ash content of the sample. The 
percentage ash content was calculated as: 
 

ሺ%ሻݐ݊݁ݐ݊݋ܿ	݄ݏܣ ൌ
௔௦௛ܯ

௢௩௘௡ିௗ௥௬ܯ
ൈ 100 

 
where M ash is the mass of the ash and M oven-dry is the mass of 
oven-dried sample 

2. Percentage (%) Volatile Matter 

The percentage volatile matter of the biomass materials was 
determined in accordance with [15]. Approximately 2g of each 
of the biomass materials, particle size 425µm, was placed in a 
porcelain crucible. Each sample was first oven-dried and then 
kept in a furnace at a temperature of 550°C for 10 min and 
weighed after cooling in a desiccator. The percentage volatile 
matter was then calculated as: 

 

ሺ%ሻ	ݎ݁ݐݐܽ݉	݈݁݅ݐ݈ܽ݋ݒ	݁݃ܽݐ݊݁ܿݎ݁ܲ	 ൌ 	
ܣ െ ܤ
ܣ

 			100	ݔ	

 
where A is the weight of the oven-dried sample and B is the 
weight of the sample after 10 min in the furnace at 550°C. 

3. Percentage (%) Organic Carbon (POC) 

POC content of the biomass materials was determined using 
[14] and [16]. This was done by subtracting the mass (g) of 
ash from the oven-dry mass of the sample to obtain the mass 
(g) of organic matter component. The percentage organic 
carbon content was then estimated as:  
 

ሺ%ሻݐ݊݁ݐ݊݋ܿ	݊݋ܾݎܽܿ	ܿ݅݊ܽ݃ݎܱ ൌ
ݎ݁ݐݐܽ݉	ܿ݅݊ܽ݃ݎ݋ܯ ∗ 0.58

ݕݎെ݀݊݁ݒ݋ܯ
 100	ݔ	

 
where Morganic matter is mass of organic matter and Moven-dry is 
the mass of oven-dried sample 

4. Ultimate Analysis 

The important chemical constituents of the biomass 
materials namely: nitrogen, sulphur, hydrogen, arsenic, 
cadmium, copper and lead were determined through ultimate 
analysis. The nitrogen content of the samples was determined 
using the Kjeldahl method for quantitative determination of 
nitrogen in chemical substances [17]. The sulphur content was 
determined by turbidimetric method [17]. The hydrogen 
content was determined using exchangeable acidity titrimetric 
method [18]. The arsenic, cadmium, copper and lead content 
of the biomass materials were determined by wet digestion 
followed by estimation of element in the resulting solution 
using atomic absorption spectroscopy method [19]. 

III. RESULTS AND DISCUSSIONS 

A. Fuel Characteristics of Six Tropical Hardwood Timber 
Species 

1. Wood Density 

The density of biomass material plays an important role in 
the determination of its fuel value. Denser wood contains 
more heat per unit volume in that they tend to burn for longer 
periods of time. In Table II column 2 is showed the densities 
of six hardwood species used for this study. The density of the 
species ranged from 409.22 kg/m3 (C. pentandra) to 764.11 
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kg/m3 (C. mildbreadii). This result therefore suggest that C. 
mildbreadii is more likely to have a higher energy per unit 
volume than the other species, in that, all things being equal it 
will burn for a longer period of time than the other species. 
Additionally, in the area of densification, the density of timber 
species was found to have a significant negative correlation 
with the compressive strength in cleft, impact resistance index 
and water resistance quality of briquettes produced at room 
temperature (28oC) using low compacting pressure (10-50 

MPa) [20]. Besides, species with higher densities are likely to 
produce briquettes with higher densities when the biomass 
material is pressed at room temperature (28oC) using low 
compacting pressure [20]. Therefore, briquettes produced 
from low density wood species (C. pentandra) at room 
temperature using low compacting pressure is likely to 
produce briquettes with higher mechanical properties but 
lower density than that produced from higher density wood 
species. 

 
TABLE II 

FUEL PROPERTIES OF SIX TROPICAL HARDWOOD SPECIES AND, AUSTRIA AND GERMANY STANDARDS FOR FUEL PELLETS 
Species Wood density 

(kg/m3) 
Gross calorific 
value (MJ/kg) 

Volatile matter 
(%) 

Ash content (%) Organic carbon 
(%) 

N (%) H (%) S (%) 

C. pentandra 409.22 20.33 82.43 4.7248 55.26 0.4817 5.30 0.0458 

T. scleroxylon 450.62 21.60 80.97 2.0119 56.83 0.5600 4.08 0.0919 

A. robusta 572.64 20.89 75.23 5.0407 55.08 0.4813 3.83 0.2142 

T. superba 570.08 22.22 79.64 2.9574 56.29 0.6213 3.88 0.0561 

P. africana 744.89 22.17 80.60 0.6075 57.65 0.7133 4.20 0.0475 

C. mildbreadii 764.11 20.16 83.70 3.7077 55.85 0.6917 4.21 0.0572 

Austria ÖNORM M7135   ≥18.0   ≤ 6.0 -  ≤ 0.6   ≤ 0.08 

Germany DIN 51731 / 
DINplus 

 17.5-19.5   < 1.5% -  < 0.3  < 0.08 

Source of information for national standards for fuel pellets (Austria and Germany): [21] 
 

2. Calorific Value 

The standard measure of the energy content of a fuel is its 
heating value or calorific value. In the second column of Table 
II is presented the gross calorific value (GCV) of the six 
tropical hardwood species used for the study. The least GCV 
of the species studied was 20.16 MJ/kg (C. mildbreadii) whilst 
the highest was 22.22 MJ/kg (T. superba). The GCV of the 
species studied could be considered adequate since they are 
greater than the minimum values suggested by the Austria and 
German standards for fuel pellets and briquettes (Austria 
ÖNORM M7135, Calorific value ≥18.0 MJ/kg; Germany DIN 
51731 / DINplus, Calorific value 17.5 - 19.5 MJ/kg). 
Additionally, the GCV of all the species studied were higher 
than that suggested by [22] and [23] for woody biomass. In a 
study on fuel characteristics of wood and bark and factors 
affecting heat recovery, [22] concluded that woody biomass 
has an average heating density of 19.8 MJ/kg. The heating 
values of the species studied, besides being higher than that of 
other woody biomass were greater than that of other biomass 
fuels like: wheat straw = 17.51 MJ/kg; rice straw = 14.56 
MJ/kg; maize straw = 17.70 MJ/kg and sugarcane bagasse = 
17.33 MJ/kg [24]. Even though the species studied 
comparatively had higher heating values, their heating values 
were lower than that of fossil fuels like kerosene (46.5MJ/kg), 
natural gas (37.3 MJ/kg) and hard coal (31.80 MJ/kg) [25]. In 
spite of the lower heating values of the biomass fuels studied 
compared to that of fossil fuels they would increasingly 
continue to be an important source of energy because of their 
long term sustainability as a source of energy as well as their 
enormous social and environmental benefits. 

3. Volatile Matter 

Volatile matter refers to the part of a biomass material that 
is released as volatile gases when it is heated up to 400oC to 

500°C. Biomass generally has high volatile matter content of 
around 70 to 86% and low char content. The high volatile 
matter content of a biomass material indicates that during 
combustion, most of it will volatise and burn as gas in the 
cookstove [26]. The volatile matter of the six wood species 
studied varied from 75.23% (A. robusta) to 83.70% (C. 
mildbreadii). With the exception of A. robusta, the volatile 
matter of all the species studied was greater than 78%. 
According to [27] biomass materials with volatile contents up 
to78% indicated ignition temperatures between 236 and 
270°C, while the lignite with volatile content 53% ignited at 
274°C. 

4. Ash Content 

Ash deposit on heat transfer surfaces in boilers and internal 
surfaces in gasifiers accelerate corrosion of hot heat 
exchanging tubes and also reduce their efficiency [28]. The 
ash content (Column 5 of Table II) of the sawdust of the 
species studied varied from 0.6075% (P. africana) to 5.0407% 
(A. robusta). The high ash content of A. robusta indicates that 
the species has high mineral matter. The ash content of all the 
species studied was lower than 6%, that is, the value beyond 
which the ash content of the biomass fuel is considered not 
adequate according to the Austria ÖNORM M7135 as cited in 
[21]. With the exception of A. robusta and C. mildbreadii 
which had comparatively higher percentage ash content, all 
the other species had ash content less than 4%, the level 
beyond which slagging of ash usually would occur with 
biomass fuels [28]. Thus, it is likely that when sawdust of 
species like P. africana, T. scleroxylon, T. superba and C. 
mildbreadii are used as fuel no slagging would occur. On the 
contrary, slagging may occur when A. robusta and C. 
pentandra are used as biomass fuel. 
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5. Organic Carbon, Nitrogen, Hydrogen and Sulphur 
Content of Six Tropical Hardwood Species 

Indicated in Table II, Columns 6, 7, 8 and 9 are the organic 
carbon, nitrogen, hydrogen and sulphur content of the species 
studied. The organic carbon content of the biomass materials 
ranged from 55.26% for C. pentandra to 57.65% for P. 
Africana. Fixed carbon gives a rough estimate of the heating 
value of a fuel and acts as the main heat generator during 
burning [26]. Thus, the higher the carbon content of a biomass 
fuel the more likely that the species would have higher heating 
value. The nitrogen content of the species studied ranged from 
0.4813% (A. robusta) to 0.7133% (P. africana). Nitrogen 
content is a good indicator of the amount of nitrogen-based 
toxic components that can be formed during combustion. 
During combustion of wood fuel, nitrogen is oxidized into 
nitrogen oxide (NOX). When emitted from combustion 
facilities at relatively low levels, NOX may have a useful 
fertilizing effect on forests. However, as emission levels 
increase, NOX produces adverse health effects and increases 
the acidification of water and soils [29]. Exposure to nitrogen 
oxides increases the risk of respiratory infections as it is 
highly toxic and irritating to the respiratory system [30]. When 
NOx and volatile organic compounds react in the presence of 
sunlight, they form a photochemical smog, which is a 
significant form of air pollution [30]. The nitrogen content of 
A. robusta (0.4813%), C. pentandra (0.4817%) and T. 
scleroxylon (0.5600%) are lower than the limit set by the 
Austria national standard for pellet and briquettes, Austria 
ÖNORM M7135 (i.e. Nitrogen content ≤ 0.6%) but higher 
than the limit set by the German national standard for fuel 
pellet, Germany DIN 51731 / DINplus (i.e. Nitrogen content ≤ 
0.3%). However, the nitrogen content of T. superba 
(0.6213%), C. mildbreadii (0.6917%) and P. africana 
(0.7133%) were higher than the limits set by both the Austria 
and German standards for fuel pellet and briquettes. 

Hydrogen is the third major constituent of the organic 
component in biomass. Typically, it comprises 5 to 6% of the 
biomass dry matter. A higher hydrogen content leads to a 
higher heating value [31]. The hydrogen content of the species 
studied ranged from 3.83% (C. pentandra) to 5.30% (A. 
robusta). With the exception of C. pentandra, the hydrogen 
content of the species studied was below the expected range of 
5 to 6%. Sulphur emissions from combustion of fuels cause 
extensive damage to ecosystems and buildings. As with 
nitrogen, sulphur is oxidized during combustion to form 
sulphur oxide (SOX). This compound can have serious 
environmental effects and can cause acidification of soils and 
water [29]. The sulphur content of the species studied ranged 
from 0.0458% (C. pentandra) to 0.2142% (A. robusta). The 
sulphur content of C. pentandra, P. africana, T. superba and 
C. mildbreadii were lower than the limits set by the Austria 
and German national standards for fuel pellet and briquettes 
(Sulphur content ≤ 0.08%). However, T. scleroxylon and A. 

robusta had sulphur contents more than the limits set by the 
Austria and German national standards for fuel pellet and 
briquettes. This means that it is likely that when sawdust T. 
scleroxylon and A. robusta are used for making fuel briquettes 
they, would emit sulphur compounds more than the accepted 
limits into the atmosphere. This would have adverse effects on 
both the environment and human health. 

6. Toxic Metals in Selected Wood Species  

All biomass fuels contain heavy or toxic metals to some 
degree. The composition of these toxic metals varies from 
species to species. Figs. 1 and 2 show the composition of 
copper, lead, arsenic and cadmium in the biomass materials 
studied as well as the German standard for pellet and 
briquettes for these metals. The composition of copper ranged 
from 6.07 mg/kg for T. scleroxylon to 8.03 mg/kg for both T. 
superba and A. robusta. Additionally, the lead content of the 
biomass materials ranged from 0.40 mg/kg (P. africana) to 
5.67 mg/kg (T. superba). The levels of copper in the species 
studied were higher than the maximum value of 5 mg/kg 
recommended by the German standard for biomass pellets and 
briquettes. On the contrary, the amount of lead in the species 
considered were lower than the maximum value of 10 mg/kg 
recommended by German standard for biomass pellets and 
briquettes [21]. Arsenic composition in the six biomass 
materials also ranged from 0.13 mg/kg (P. africana) to 0.97 
mg/kg for A robusta whilst that of cadmium ranged from 0.33 
mg/kg (C. pentandra) to 0.95 mg/kg (T. superba). These 
values are significantly higher than the maximum values 
recommended by the German standard for fuel briquettes and 
pellet. Heavy metals in wood are noted to have adverse effects 
on human health as well as the environment. Prolonged 
exposure to heavy metals such as cadmium, copper, lead, 
nickel and zinc can cause deleterious health effects in humans 
[32]. 

B. Rating of Fuel Properties of Six Tropical Hardwood 
Species  

Table III indicates the ratings of fuel properties of the six 
hardwood species used for the studies. Each property was 
assigned a value between 1 and 6, with 1 being the best and 6 
being the worst. The overall rating was the mean rating of all 
the properties measured for each species [33]. The ratings 
suggest that sawdust from P. africana has the best fuel 
properties (2.25) and the worst is A. robusta (4.50). Even 
though C. pentandra was fifth in the rating of the calorific 
value of the species, the overall rating indicated that it has the 
second best fuel properties. The above results suggest that 
calorific value should not be the single factor to be used to 
determine the suitability of a biomass material for fuel 
briquettes. Other factors such as those studied which have 
effect on burning characteristics and also impact the 
environment need to be considered. 
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Fig. 1 Concentration of Copper and Lead in sawdust of six tropical hardwood species 
 

 

Fig. 2 Concentration of Arsenic and Cadmium in sawdust of six tropical hardwood species 
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TABLE III 
RATING OF FUEL PROPERTIES OF SIX TROPICAL HARDWOOD SPECIES (1 = BEST, 6 = WORST) 

 
Property 

Species 

Ceiba pentandra Triplochiton scleroxylon Aningeria robusta Terminalia superba Piptadenia africana Celtis mildbreadii 

Wood density 6 5 3 4 2 1 

Calorific value  5 3 4 1 2 6 

Volatile matter 2 3 6 5 4 1 

Ash 5 2 6 3 1 4 

Carbon 5 2 6 3 1 4 

Nitrogen 2 3 1 4 6 5 

Sulphur 1 5 6 3 2 4 

Cu 3 2 5 6 1 4 

AS 2 4 6 5 1 3 

Pb 2 4 3 6 1 5 

Cd 1 4 2 6 3 5 

H 1 4 6 5 3 2 

Rating (Average) 2.92 3.42 4.50 4.25 2.25 3.67 

 

IV. CONCLUSIONS 

This study assessed the fuel properties of six tropical 
hardwood species. It can be concluded from the results that all 
the species studied had adequate gross calorific value ranging 
between 20.16 to 22.22 MJ/kg. Besides, the ash content of the 
biomass materials ranged from 0.6075 to 5.0407%. This value 
is lower than 6%, that is, the value beyond which the ash 
content of the biomass fuel is considered not adequate 
according to the Austria standard for fuel pellet and briquettes. 
The results further indicated that Piptadenia africana has the 
best fuel property with fuel rating of 2.25 and Aningeria 
robusta the worse with fuel rating of 4.50. It could further be 
concluded from the study that, an assessment of fuel 
properties of biomass materials need to be done holistically 
taking into consideration all the factors that will impact on the 
energy value and environment as well as health issues. 
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