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ABSTRACT 

The physico-chemical properties and energy potential of wood wastes were evaluated in this study. Wood wastes from 

five tropical species: Ekki (Lophira alata); Ohia (Celtis sp); Danta (Nesogordonia papaverifera); Omah (Cordia millenii) 

and Black Afara (Terminalia ivorensis) collected from sawmills across Benin Metropolis, the capital of Edo State, in South 

Western Nigeria were used as feedstock. Calorific values, moisture contents as well as proximate and ultimate analyses 

were performed to assess the energy characteristics of the collected wood wastes in accordance with the American 

Society for Testing and Materials: ASTM E872-82 and ASTM D4442-07. Results from the laboratory experiments and 

energy calculations revealed that the wood wastes used in this study contain relatively low moisture and ash contents, 

high proportions of volatile matter and carbon, high calorific values, low levels of sulphur and nitrogen as well as a 

sufficiently high value of thermal energy potential. The results are indications that the wood wastes are suitable as 

feedstock for renewable energy generation with little or no threat to the environment. 
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1. INTRODUCTION 

Biomass as bio-energy sources has been cited as one of 

the world’s largest renewable energy source and its 

resources are distributed around the world [1]. Biomass 

resources are considered renewable because they occur 

naturally and when properly managed, may be harvested 

without significant depletion. Although biomass can 

come from many different sources, wood is by far the 

most common [2]. In 2015, about 46% of renewable 

energy consumed in the European Union (EU) came from 

solid biomass (almost exclusively wood) [2]. In 2013, 

solid biomass accounted for 3% of the electricity 

produced in the EU and 15% of the heat produced in 

industrial sectors [2]. The use of woody biomass for 

energy generation can offset fuels such as coal, gasoline, 

natural gas and oil [3, 4]. Such a practice can enhance 

economic development, foster new industries making 

bio-based products, and encourage green economy as 

well as energy independence. For example, in 2013, the 

European solid biomass and biogas sectors generated a 

turnover of about 42billion Euro and employed over 300 

thousand people [2]. 

In Nigeria, a West African country, around 11million 

hectares of forest and about 5.5million hectares of other 

wooded land are available [5]. Logging activities in the 

forests and wood processing at the various wood 

processing industries generate a huge volume of wood 

wastes annually across cities in the country. For example, 

about 294,798 tonnes of wood waste is generated yearly 

in the city of Lagos [6], Aina [7] estimated that about 

2288m3 of wood wastes are generated daily in Abeokuta, 

while Dosunmu and Ajayi [8] reported a figure for wood 

wastes from Nigerian sawmills to be about 5.2million 

tonnes per year. These quantities of wood wastes could 

be harnessed to produce electricity, heat and 

transportation fuels by using several technologies 

available such as direct combustion, gasification and 

pyrolysis [9]. Combustion with energy recovery involves 

the burning of wood wastes and transferring the heat 

produced to water for the purpose of generating steam in 

boiler super-heater tubes. The steam may be used to 

generate electricity in a steam turbine generator or sold 

directly for commercial or process heat purposes. 

Gasification converts wood waste into synthetic gas 

which can be utilized to produce steam in boiler super-

heater tubes, to generate electricity directly in an 

internal combustion (IC) engine or as transportation 

fuels. Pyrolysis converts wood waste into bio-oil and bio-

char from which energy and transportation fuels can be 

obtained. For such utilization, information on the basic 

physico-chemical properties of wood wastes is necessary 

to ascertain their suitability as feedstock [10]. It is 

worthy of note that the knowledge and application of 

wood wastes as an energy generation source in Nigeria is 
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still at a very low level compared to developed countries. 

While wood species such as spruce and willows on 

account of their energy content and properties are 

specially grown, and harnessed for energy generation in 

most parts of Europe, the same cannot be said of Nigeria 

as salient information on the type of wood species in the 

country for energy production are not known. Therefore, 

this study assessed the physico-chemical properties and 

energy potential of wood wastes from sawmills in Benin 

City, the capital of Edo State in South Western Nigeria. 

This is aimed at providing valuable information on 

energy characteristics of wood waste species in the City 

that will aid in formulating long term policies, and plan 

effective ways of exploiting and utilizing wood waste for 

energy generation. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

Wood waste from five tropical species were collected 

from sawmills across Benin Metropolis in South Western 

Nigeria and studied. The wood species were: Ekki 

(Lophira alata); Ohia (Celtis sp); Danta (Nesogordonia 

papaverifera); Omah (Cordia millenii) and Black Afara 

(Terminalia ivorensis) [11]. 

 

2.2. Methods 

Wood processing activities were physically observed for 

6 days/wk at the sawmills for 15weeks. The dimensions 

of logs and the corresponding lumbers of the wood 

species of interest were measured using measuring tape 

of 15m length and wood waste samples of the required 

species were collected for 8 hours each day. The wood 

waste samples collected were dried in air to reduce 

moisture content and prevent degradation by fungi. The 

samples were later oven dried at a temperature of 105℃ 

until constant mass was achieved. The wood waste 

samples were ground and sieved to 2mm particle sizes 

and experiments were carried out on each sample to 

determine their calorific values, moisture content as well 

as proximate and ultimate analyses. The experiments 

were conducted according to the American Society for 

Testing and Materials Standards ASTM E870-82[12] and 

ASTM D4442-07[13].The volumes of logs of each wood 

species before conversion to lumbers and the volumes of 

the corresponding lumbers were determined using the 

dimensions measured during the survey. Thereafter, the 

volume of each wood waste sample was obtained by 

algebraic subtraction between the volumes of the 

respective logs and lumbers. Known densities of the 

wood species were used to estimate the mass of the 

wastes.  

 

2.2.1. Wood Waste Sample Calorific Value Determination 

A digital oxygen bomb calorimeter was used to 

determine the calorific value of the samples. 

Approximately 1.0g of each sample was weighed out and 

carefully placed in the sample cup of the calorimeter 

using tweezers. Approximately 10cm of nickel fuse wire, 

of known weight, was measured out and attached to the 

electrodes. The sample cup was placed in the cup holder 

and the fuse wire was positioned in such a way that it 

almost touched the surface of the sample. The bomb was 

then carefully charged with oxygen gas to a pressure of 

about 30atm before being ignited. In this study, each 

experiment was repeated twice. The calorific value (CV) 

of the samples was calculated afterwards using equation 

1 [14]. 

    
     ( 1  e   e )

m
                (1) 

In (1), CV is calorific value (MJ/kg), C is heat capacity of 

bomb calorimeter,  T is change in temperature, m is 

mass of sample (g), e1, e2 and e3 are corrections for 

formation of nitric acid, sulphuric acid and fuse wire, 

respectively.  

 

2.2.2 Proximate and Ultimate Analyses 

Proximate and ultimate analyses were carried out 

following the procedure of ASTM E870-82. Proximate 

analysis was done to determine physico-chemical 

properties like percentage volatile matter, percentage 

ash content and percentage fixed carbon in each sample. 

Percentage fixed carbon content was obtained by 

difference of the sum on percentage volatile matter and 

ash content. Ultimate analysis was carried out to 

determine the percentages of carbon, hydrogen, 

nitrogen, sulphur and oxygen in each sample. Percentage 

oxygen was obtained by difference of the sum of carbon, 

hydrogen, nitrogen and sulphur contents. 

 

2.2.3. Moisture Content 

The change in weight of each wood waste sample after 

oven drying was used to determine their moisture 

content using equation 2 

    
  
  

 100                        ( ) 

In (2), MC is moisture content, Md. is change in mass and 

Ms is mass of sample (g). 

 

2.2.4. Thermal Energy Potential 

This is the actual amount of thermal energy present in 

each wood waste sample per unit time. It was calculated 

using equation 3 

                                       ( ) 

In (3), T. E. P is energy potential (kWth), ρ is the density 

(kg/m3), 
.

V is the rate of wood waste collected per unit 

time (m3/s).  
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A conversion efficiency of 32% [15] was assumed to 

convert the thermal energy potential to electrical power 

in kWel. This implies that 1kWel is numerically equal to 

0.32 kWth. 

 

3. RESULTS AND DISCUSSION 

The proximate analysis of the wood waste samples are 

presented in Table 1 

 

Table 1: Proximate analyses of wood waste samples 

Wood species 
VM  
%ts  

Ash 
%ts  

%Fixed 
carbon  

Lophira alata 71.01 1.81 27.18 
Celtis sp 77.08 0.79 22.13 
Nesogordonia 
papaverifera 

87.70 2.45 9.85 

Cordia millenii 79.75 2.56 17.69 
Terminalia ivorensis 87.43 3.81 8.76 

 

Table 2: Calorific values and moisture content of wood 

waste samples. 

Wood species 
Calorific value 
(MJ/kg) 

%MC(oven 
dried, 105℃) 

Lophira alata 19.45 10.12 
Celtis sp 19.81 12.38 
Nesogordonia 
papaverifera 

19.56 13.34 

Cordia millenii 19.78 9.84 
Terminalia 
ivorensis 

20.15 9.52 

 

Table 3: Ultimate analysis of wood waste samples on 

percentage dry weight. 
Wood species Carbon Hydrogen Oxygen Nitrogen Sulphur 

Lophira alata 56.45 5.59 37.75 0.15 0.06 
Celtis sp 55.35 5.33 39.11 0.15 0.06 
Nesogordonia 
papaverifera 

57.24 5.16 37.43 0.14 0.03 

Cordia millenii 58.92 5.1 35.8 0.11 0.07 
Terminalia 
ivorensis 

57.57 5.3 36.98 0.11 0.04 

 

Volatile matter strongly influences thermal 

decomposition and combustion behaviour of solid fuels 

[16, 17]. Table 1 shows that the percentage volatile 

matter ranged from 71.01 to 87.70%, with Nesogordonia 

papaverifera having the highest value while Lophira 

alata has the lowest value. The higher the proportion of 

volatile matter, the more suitable is the wood waste 

specie for thermal conversion [18, 19]. Ash which is the 

non-combustible component of solid fuels was shown to 

range from 0.79 to 3.81%, this low ash content is a 

desirable factor when utilizing fuel wood for energy 

generation. Loo and Koppejan [17] reported that the 

higher the ash content in a fuel the lower its heating 

value. Table 1 also reveals that the percentage fixed 

carbon obtained for the wood species ranged from 9.85 

to 27.18%, with Lophira alata having the highest value 

while Terminalia ivorensis has the lowest value. Similar 

ranges of percentage volatile matter, ash content and 

fixed carbon have been reported for several wood 

species by Akinola and Fapetu [20].  

The results shown in Table 1 indicate that these wood 

wastes will have ease of ignition and stable flame during 

combustion as well as high heating value.  Table 2 shows 

the calorific values and moisture content of each wood 

waste sample. 

Results from the study revealed a calorific value ranging 

from 19.45 to 20.15MJ/kg as shown in Table 2. The 

results indicate good energy content and agree with 

findings of Huhtinen [21], who reported that the calorific 

values of wood species ranges between 18.5 to 

21.0MJ/kg, and that calorific value of wood does not vary 

much from one species to another. Table 2also shows 

that the moisture content of the wood wastes ranged 

from 9.52 to 13.34%. This relatively low moisture 

content favours thermo-chemical conversion since high 

moisture content reduces the efficiency of the conversion 

systems [21, 22], and also reduces the energy available 

from wood wastes during combustion, as heat would be 

required to vaporize it[23].  

Table 3 shows the results of the ultimate analysis of the 

wood waste samples on percentage dry weight basis. 

Table 3 reveals that each of the samples has carbon 

content higher than any other element. High carbon 

content is expected to increase the calorific value of the 

wood wastes. The carbon values ranging from 55.35 to 

58.92% agrees with findings of Fapetu [9], who reported 

a carbon content range for wood biomass to be in the 

range of 50   60%.Table 3 also reveals high percentage 

of hydrogen and oxygen, indicating high energy potential 

of the wood wastes. Carbon, hydrogen and oxygen are 

the major components of biomass feedstock and the 

main reactants during combustion processes [24]. It can 

be seen in Table 3 that all the wood species contained 

low levels of nitrogen and sulphur as required by the DIN 

51731 [25]. These imply that very low levels of NOx and 

SOx will be emitted if the wood wastes are used in 

thermal conversion processes.  

Table 4 shows the density, quantity and energy potential 

of each wood waste samples. The densities of the wood 

waste samples were obtained from Carsan et al. [26]. The 

volume of each wood waste specie presented in Table 4 

is the total quantity collected during the survey period. 

Table 4 also presents the energy potential of the sampled 

wood waste species based on the volume collected over 

the survey period, with Celtis sp and Cordia millenii 

having the highest and lowest energy potential 

respectively. 
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Table 4: Density, quantity and energy potential of wood waste samples. 

Wood species Wood 
waste 
density 
(kg/m3) 

 ood
waste
volume
(m )

 

Wood 
waste 
mass 
(tons) 

Thermal 
energy 
potential  
(kWth)  I0-2 

Electrical 
power 
(kWel) 
10-3 

Lophira alata 1080 4.25 4.59 3.444 11.022 
Celtis sp 725 12.15 8.81 6.732 21.543 
Nesogordonia papaverifera 765 5.47 4.18 3.158 10.105 
Cordia millenii 550 5.01 2.76 2.103 6.729 
Terminalia ivorensis 560 6.13 3.43 2.669 8.540 

 

This indicates that wood wastes can be viable resources 

for electricity generation in Benin metropolis and Nigeria 

at large. The utilization of wood waste in Nigeria for 

electricity generation would not only complement that 

available from the national grid, but will also boost 

economic activities and assist in the effort to enhance its 

management. Such wood waste utilization would also 

contribute to achieving the goals of Nigeria’s Renewable 

Energy Master Plan (REMP), which is to have biomass-

based power plants with installed capacity of 50MW in 

2015 and 400MW in 2025 [27]. 

 

4. CONCLUSION 

This study assessed the physico-chemical properties and 

energy potential of wood wastes from sawmills in Benin 

metropolis. The results indicated that wood wastes from 

Benin metropolis are suitable as feedstock to generate 

electricity through thermo-chemical conversion 

processes. The study revealed that the wood waste 

species sampled had a calorific value ranging from 19.45 

to 20.15 MJ/kg and a thermal energy potential ranging 

from 2.103 to 6.732 kWth, implying that wood wastes 

from sawmills in Benin metropolis could be utilized for 

electricity generation in Nigeria. 
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