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The aim of this study was to determine the energy properties of fuelwood samples which are preferred and used by local
communities. The study used both cross-sectional survey of households and field survey. Systematic household sampling was
used for household and random sampling for tree species. The chosen sample sizes for households in the study were 134. The
cross-sectional survey of the local community on orderly preference of fuelwood consumption listed Acacia nilotica, Acacia
etbaica, Olea africana, Acacia seyal, and Acokanthera schimperi. However, for the laboratory result and detail principal
component analysis (PCA) of tree species in their density and moisture, ash, volatile, and fixed carbon contents, Olea africana
was strongly recommended for fuelwood preference followed by Acacia nilotica, Acacia etbaica, Acacia seyal, and Acokanthera
schimperi. The identification of community preference and scientific assessment on fuelwood consumption on different tree
species will enhance the expansion of their plantation program in the region.

1. Introduction

Energy constitutes one of the most important aspects of
human life. It is a commodity that is vital for the existence
of modern life [1]. Despite the various source of energy in
developing countries, it is estimated that approximately 2.5
billion people rely on biomass fuels to meet their cooking,
heating, and lighting needs. For many of these countries,
more than 90 percent of total household fuel is biomass [2].
Traditionally, energy in the form of firewood, twigs, and
charcoal has been the major source of renewable energy for
many developing countries [3].

In Africa, solid biofuels are reported to account for about
50% of African’s energy need [1]. Likewise, in Ethiopia, 92%
of the total energy consumption came from traditional fuel
[4]. Without new policies, the number of people that rely
on biomass fuels is expected to increase to 2.7 billion by
2030 (about one-third of the world’s population) due to pop-
ulation growth [5].

Fuelwood is the most dominant source of energy in Ethi-
opia and is used significantly in both rural and urban com-

munities for cooking and many other heating applications
[6]. Thus, in many developing countries over the world,
wood fuel will continue to be the main cooking energy in
the rural households in the future [7]. Nowadays, wood
energy consumption is no longer the primary cause of global
deforestation but rather the clearing of land for farming.
Around 95% of cleared forest areas in sub-Saharan Africa,
for example, are attributed to new land requirements for
crops [8]. However, concentrated industrial and urban
demand for firewood combined with weak regulation and
control can still contribute to forest degradation and defores-
tation around major centers of consumption [9]. As a
response strategy for the impact, community-based forest
management that aims at promoting stewardship and
responsibility among local communities and user groups
can create incentives for resource-savings and sustainable
approaches to forestry with the introduction of innovative
technical developments; firewood and charcoal can become
a renewable and climate-friendly energy source for popula-
tions in rural and urban settings [10]. The environmental
and health benefits of fuel are primarily dependent on its
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processing and usage techniques. Wood fuels in inefficient
and traditional ways have severe implications for health,
productivity, gender equality, and the environment [11]. To
provide the country with environmental-friendly and sus-
tainable energy source, fuelwood mainly high fixed carbon
firewood can be taken as one alternative. In the world, there
are different related articles such as wood-based biomass
energy development [12] and firewood and charcoal proper-
ties [13, 14]. Similarly, in Africa, the article concerning
fuelwood is “Evaluation of fuel properties of six tropical
hardwood timber species for briquettes” [15]. Even though
Ethiopia is profoundly depending on fuelwoods and bio-
masses as leading energy resources both in the towns and
rural parts [16], there are little research reports on the char-
acterization of energy properties scientifically in terms of
determination of their density; inflammability; volatile mat-
ter, ash, moisture, and fixed carbon contents; and the like.
As far as the knowledge of the researcher concerned, the
energy properties of fuelwood in the midhighlands of Goro
district are unavailable. In spite of the absence of scientific
data, local people had been traditionally using specific tree
species for firewood for generations of energy; there is lack
of scientific data to validate their preferences of these species.

Experience in Goro district would show that such a heavy
reliance on a limited resource base and inefficient mode of
utilization of these traditional fuels was the characteristics
of household energy consumption. Therefore, the problem
is alarming and needs an urgent scientific study to identify
tree species that have efficient energy to mitigate the problem
in the district.

The general objective of this study is to determine the
energy properties of fuelwood made from five selected tree
species in midhighlands of Goro district. The information
generated from this study can be useful particularly for rural
and urban communities that use fuelwood as the source of
energy. The research outcome helps them to choose firewood
types on the bases of the fixed carbon content. Using high value
of fixed carbon fuelwood reduces pressure on deforestation.

2. The Study Area and Data Method

Goro district is situated 490km southeast of Addis Ababa and
60km from the zonal capital Robe as observed in Figure 1. It is
geographically located between 6°29″-7°15″N latitude and
40°10″-40°45″ longitude. It is the administrative center of
Goro district. It covers a total area of 1339km2 (133,900ha),
with elevation ranging from 1200m to 2800 meters a.s.l.
[17]. Goro district is the 14th largest among the zone district.
The district is subdivided into twenty-six kebeles and three
urban centers. The specific area of this research for the tree
species is Gadulla kebele which is located 21km northeast of
Goro town. In Gadulla, there is a 400-hectare natural forest.

According to agricultural classification based on crops
grown, the district has three agroclimatic zones which consti-
tute highland 34.48%, semihighland 31.93%, and lowland
27.59% according to the Goro district agricultural and natu-
ral resource office report (2017). The mean annual rainfall of
the district is about 750mm-1150mm. There are two rainfall

and cropping seasons: the main rainy season from March to
May and the short rainy season from August to November.
The former contributes 55% of the total annual crop pro-
duction. The latter covers areas at the high and medium
altitudes. The annual mean temperature lies between 25°C
and 30°C in lowland areas and 16°C and 20°C in highland
areas [17].

According to the agricultural and natural resource office
document, the most common types of vegetation of the dis-
trict includes Acacia brevispica, Acokanthera schimperi, Olea
africana, Acacia bussei, Salix mucronata, Albizia gummifera,
Apodytes dimidiata, Acacia albida, Ficus sycomorus, Acacia
lahai, Acacia tortilis, Acacia seyal, and Acacia oerfota. Aca-
cia wood species is the most dominant tree species in the
study area.

The population entirely depends on firewood and char-
coal. Solar power and biogas usage in the district is insignifi-
cant. The community is entirely relaying on firewood and
charcoal for energy consumption. The awareness on the use
of efficient fuel and modern stoves is also weak. Their econ-
omy is also affected by price rising of firewood and charcoal
supply.

A systematic sampling design was used in this study to
collect data on woody species. The study utilized both actual
field measurements and laboratory analysis. The required
materials for the field studies were an electronic balance for
measuring weight of the samples, GPS for demarcating the
study area, camera for photographing the study area, and
sound recorder for recording focus group discussion. The
samples were contained in the sample holder. A saw (axe)
was used for chopping the samples and a meter tape for mea-
surement of length and the circumferences of the samples.
The data obtained were registered by pencil on a notebook,
and a thermometer was used for recording the temperature
of the study area. All the samples were weighed on a digital
analytical balance (ADAM, Model AFP-110L, England) with
120 g loading capacity and ±0.0001 precision. A heating fur-
nace of a UK manufacturer called CWF1313-230SN working
in the temperature between 750°C and 1300°C was used for
heating the sample. A drying oven (Digitheat, J.P. Selecta,
Germany) was used for drying the samples placed on an
evaporating dish. A beaker (Duran, Germany) was used for
measuring different volumes of samples.

2.1. Sample Size. To collect the necessary data, a questionnaire
was designed and employed using the following procedure.
The number of the sample household selected for the ques-
tionnaire was determined using the following formula [18]:

n = no
1 + no − 1ð Þ/Nð Þ ⟶ no = z2pq

d2
, ð1Þ

where no is the desired sample size when the population is
greater than 10,000; n is the number of sample size when the
population is less than 10,000; z is the 95% confidence limit,
i.e., 1.96; p is 0.1, i.e., proportion of the population to be
included in the sample, i.e., 10%; q = 1‐0:1, i.e., 0.9; N is the
total number of population; and d is the margin of error or
degree of accuracy desired (0.05).
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5% contingency is considered for households who may
refuse to participate in the questionnaire.

Thus, using the above equation, the number of sample
size for households was 134.

2.2. Sample Collection Techniques. Based on preference of
households, five tree species for firewood were identified.
From the two kebeles that is Bale Anole and Gadulla, using
the random sampling technique, Gadulla was selected. By
going 300m to the forest from Gadulla kebele, wood land
inventory was taken in the customary wood land to assess
the tree fuel species in the woody plant community. Then,
by going up 120m from the river burka, sample plots of 15
hectares were made through the wood lands using GPS.
Thirty 20 × 20m subplots were placed in the customary
wood lands randomly. In this 30 subplots, the total number
of each species was counted: Olea africana 42, Acacia nilotica
67, Acacia etbaica 86, Acacia seyal 63, and Acokanthera
schimperi 74. All preferable tree species in all subplots was
registered. Using random sampling from the total popula-
tion, each preferable tree species was selected, that is, the
trunk of three separate trees for each species [15]. The tree
trunk of each species collected had a diameter of 5 to 10 cm
and a length of 20 to 30 cm of the mature tree (10 to 20 years
old) from the lower tower approximately 3 cm from the
branching to avoid localized swelling. A total of fifteen sam-
ples were collected for fuelwood. After leveling each sample,
it was kept in the plastic bag until the first measurement
was taken. All samples were weighed after two hours of cut-
ting in the field using a measuring balance by removing their
bark. Then, all samples were sun dried for four weeks at a
temperature of 18°C to 27°C.

2.3. Preferred Tree Species for Firewood. First, key informants
were asked to name their preferred tree species for fuelwood.
They listed seven species for fuelwood. From the seven
species, the five selected species were Olea africana (ejersa),

Acokanthera schimperi (qaraaruu), Acacia nilotica (burquq-
qee), Acacia seyal (waaccuu), and Acacia etbaica (dodotti).

2.3.1. Results of the Questionnaire. According to the respon-
dents, reliance upon firewood consumption in the district is
alarmingly increasing.

From their indigenous accumulated knowledge, the
communities have proposed orderly their preferred choice
of fuelwood on the quality of burning as listed in Table 1.
Thus, they preferred the five top species in the order of their
preference: Acacia nilotica>Acacia etbaica>Olea africa-
na>Acacia seyal>Acokanthera schimperi. These fuel char-
acteristics preferred by the local users are similar to those
of studies undertaken in Africa [19].

2.3.2. Preparation of Samples for Laboratory Analysis. For the
determination of density, ash content, volatile matter, and
moisture content, 15 samples were taken. Three trees were
used from each species. A disk of 20 cm height was taken
from the branch of each tree. Every disk was sawn into strips
of 2.5 cm width. From the strips, 45 specimens were prepared
for firewood. The strips are oven-dried prior to analysis. The
samples were further comminuted with a wood machine
except for density to obtain wood particles with a diameter
of 1-2mm. Smaller and larger particles were discarded.

2.4. Procedures for Laboratory Analysis

2.4.1. Determination of Fuelwood Density. The water dis-
placement method allows for easy and reliable volume
measurement for irregularly shaped samples. A container
capable of holding the sample was filled with water and
placed on a digital balance of precision 0.0001 g. The bal-
ance was then rezeroed (the reading should be zero). The
electronic balance should be rezeroed after every measure-
ment. The oven-dried firewood and charcoal specimens
were then carefully sunk in the water, such that it was
completely underwater.
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Figure 1: The energy properties of the preferred tree species.
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2.4.2. Determination of the Percentage of Moisture Content
(PMC). According to Akowuah et al. [3], for proximate bio-
mass characterization, a 40 g to 158 g sample should be dried
to constant weight in an oven at a temperature of 105°C for
14 hours. The loss in weight should be taken as moisture.
The remaining weight should indicate the dry matter. The
moisture content ought to be obtained by

PMC = D
E

× 100
� �

, ð2Þ

where D is the change in weight after 14 hours and E should
be the weight of the dried sample.

2.4.3. Determination of the Percentage of Volatile Matter
(PVM). The percentage of volatile matter of the biomass
materials was determined in accordance with ASTM Interna-
tional (2008) ASTM D3175-11 [15]. Approximately 40 g to
145 g of each of the biomass materials with particle size of
1-2mm was placed in a porcelain crucible. Each sample
was first oven-dried and then was kept in a furnace at a tem-
perature of 550°C for 10min and weighed after cooling in a
desiccator. The percentage volatile matter was then calcu-
lated as follows:

PVM = A − B
A

� �
× 100, ð3Þ

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

2.4.4. Determination of the Percentage of Ash Content (PAC).
The percentage of ash content of the biomass materials was
determined in accordance with ASTM International (2008)
ASTM D 1102-84 [15]. This was done by heating approxi-
mately 40 g to 145 g of oven-dried mass of each biomass
material with particle size of 1-2mm, in an electric furnace
(Carbolite CW 1300°C, U.K.), at a temperature of 600°C for
four hours. Thereafter, it was cooled and weighted to repre-
sent the ash content of the sample. The ash content was
determined using the equation:

PAC = C
A

× 100, ð4Þ

where C is the ash weight and A is the weight of the sample.

2.4.5. Determination of the Percentage of Fixed Carbon (PFC).
To determine the fixed carbon, get the sum of the volatile
matter, moisture content, and ash content then subtract from
100. The balance is the fixed carbon content [3]:

PFC = 100 − PVM + PMC + PACð Þ: ð5Þ

2.5. Data Analysis. SAS 9.4 was used for the statistical analy-
sis with confidence level of 95% in the present work. Correla-
tion analysis was also used to show the energy properties of
wood samples with the percentage of fixed carbon.

3. Results

After each preferred tree species was dried up to four weeks
at a temperature of 18°C to 27°C, the moisture content was
lost by each species: O. africana 14.61%, A. nilotica 16.25%,
A. etbaica 18.35%, A. seyal 24.34%, and A. schimperi 27.44%.
Diameter of the preferred five tree species (each three samples)
was prepared, and then, their corresponding densities and
the percentage of moisture, ashes, volatile matter, and fixed
carbon contents are tabulated in Table 2.

The experimental result proved thatO. africana holds the
highest fixed carbon content as seen in Table 2, whereas A.
schimperi holds the least fixed carbon content in it. However,
the local communities have mostly said that Acacia nilotica
was primarily preferred. Their orderly preference from their
responses was Acacia nilotica, Acacia etbaica, Olea africana,
Acacia seyal, and A. schimperi. These discrepancy choices
might be influenced by availability, flammability, and prox-
imity to the wood species in the area.

3.1. Wood Density. In Table 2, column 3 showed the densities
of five tree species used for the study. The densities of the spe-
cies were ranged from 0.553 g/cm3 (Acokanthera schimperi)
to 0.914 g/cm3 (Olea africana) as tabulated in Table 2. Olea
africana proved to have the highest density woody species
among others in the study samples. The result further sug-
gests that Olea africana is more likely to have a higher energy
per unit volume than the other species for firewood samples
with higher correlation between its fixed carbon content as
shown in Table 3. The result of the plot in Figure 1 has almost
direct correlation relationships between density and fixed
carbon value with a similar work on carbon property of wood
published by [15].

3.2. The Moisture Content. According to Akowuah et al. [3],
moisture content is a very important property which can
greatly affect the burning characteristics of biomass. A just
fallen tree contains 40% to 60% of hygroscopic moisture
depending on the species of the tree as well as the seasons
of the year [15]. Here, the samples dried up to four weeks
only. In the fourth column of Table 2, the moisture content
was ranged from 5.908 (Olea africana) to 9.927 (Acokanthera
schimperi). O. africana has also the least moisture content
and is inversely correlated with the fixed carbon content as
graphed with another sample in Table 2. Higher volatile mat-
ter is an indicator of the least fixed carbon content and vice
versa. The plot in Figure 1 or the associated relation between

Table 1: The tree species identified by key informants for firewood
and the number of times each was mentioned among those selected
species by the households.

Botanical name
Local name

(Afaan oromoo)
Frequency of
preference

(1) Acacia nilotica Burquqqee 93

(2) Acacia etbaica Dodotti 88

(3) Olea africana Ejersa 74

(4) Acacia seyal Waaccuu 62

(5) Acokanthera schimperi Qaraaruu 35
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them in Table 3 have a similar work output on the biomass
properties published by dos Santos Viana et al. [20].

3.2.1. The Ash Content. In the fifth column of Table 2, the
ash content ranges from 0.994 (Olea africana) to 4.445
(Acokanthera schimperi).

According to Álvarez-Álvarez et al. [21], the tree species
with the highest fixed carbon hold up the least ash content.
Similar observations are found in this research. That means
as the percentage of ash content increases, the percentage of
fixed carbon decreases as observed in Table 3. The high ash
content of Acokanthera schimperi indicates that it has high
mineral content [15]. According to Ijagbemi et al. [22], ash
has significant influence on the heat transfer to the surface
of the fuel as well as the diffusion oxygen to the fuel surface
during char combustion.

3.2.2. Volatile Matter. Volatile matter refers to the part of a
biomass material that is released as volatile gases when it is
heated up to 400°C to 500°C. Volatile matter represents the
components of carbon, hydrogen, and oxygen present in
the biomass that when heated turn to vapour, usually a mix-
ture of short- and long-chain hydrocarbons [23]. From
Table 3, volatile matter is inversely proportional to the per-
centage of fixed carbon. That is, as volatile matter increases,
the percentage of fixed carbon decreases and vice versa. O.
africana has still the least PVM among other woody species
in the sample. Volatile content has been shown to influence
the thermal behavior of solid fuels [3]. However, this in turn
is influenced by the structure and bonding within the fuel. As
Akowuah et al. [3] reported, low-grade biomass, such as
dung, tends to have a low volatile content resulting in smoul-
dering combustion. They further stated that it results in an
incomplete combustion which leads to a significant amount
of smoke and toxic gases being released. No particular trend
is observed for volatile matter content and the fixed carbon
content with tree age [24].

In general, the plots in Figure 1 and their associated rela-
tions of PMC, PAC, and PVM with PFC determined experi-

mentally as in Table 2 have similar work outputs on the
biomass properties published by dos Santos Viana et al. [20].

3.2.3. Fixed Carbon. The fixed carbon of a fuel indicates the
percentage of carbon available for char combustion. It is
not equal to the total amount of carbon in the fuel since a sig-
nificant amount is released as hydrocarbons in the volatile.
The percentage of fixed carbon in Table 2 column 7 ranges
from 5.955% (A. schimperi) to 22.388% (Olea africana) in
the firewood samples. The general trend shows that the per-
centage of fixed carbon (PFC) increases as the density
increases evidently from laboratory results shown in Table 2.
Further, PFC decreases as the percentage of ash content, mois-
ture content, and volatile matter increases observed from lab-
oratory results shown in Table 2.

Further, Table 3 describes the correlation analysis of
wood density, PMC, PVM, and PAC with PFC. The den-
sity (r = 0:982) is positively correlated with PFC, PMC
(r = −0:873) is correlated negatively with PFC, PAC
(r = −0:941) is correlated negatively with PFC, and PVM
(r = −0:971) is correlated negatively with PFC. This indicates
that the increment of one of the energy properties increases
or decreases the other properties. For example, increase of
density decreases PMC, PAC, and PVM, whereas increases
PFC. Similarly, the increase of PMC increases PAC and
PVM but decreases density and PFC. The significance analy-
sis of PMC, PAC, and PVM in determining the fixed carbon
content in this table would be of great importance in deter-
mining the fuel properties of not only fuelwood but also bio-
mass, wood pellets, and other fuel sources [25].

4. Discussion

The density of the 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 lon-
ger periods of time. Significant differences in densities were
found among wood samples used (P < 0:05). These varia-
tions might be due to the differences in the age of tree species
and/or environmental conditions [22]. The main physical
properties affecting the performance of fuelwood are mois-
ture content, chemical, elemental composition, and wood
density [15]. Increased moisture in the wood results in a
decrease in the obtained amount of heat, as more energy is
used to evaporate to water, which lowers the combustion effi-
ciency [26]. For complete combustion of the wood samples of

Table 2: Experimental results and principal component analysis (PCA) on five tree species on their density and moisture, ash, volatile matter,
and fixed carbon contents.

Species name Diameter (cm) Density (g/cm3)
Moisture

contents (%)
Ash

contents (%)
Volatile matter
contents (%)

Fixed carbon
contents (%)

O. africana 7.367 0.914a 5.908c 0.994e 70.710d 22.388a

A. nilotica 6.400 0.857b 7.030bc 1.971d 71.495dc 19.503b

A. etbaica 6.300 0.779c 7.819bc 2.741c 73.644c 15.796c

A. seyal 6.667 0.665d 8.279ba 3.353b 76.790b 11.578d

A. schimperi 5.800 0.553e 9.927a 4.445a 79.673a 5.954e

Values followed by the same superscript letters in each column are not significantly different at α = 0:05 according to Duncan’s multiple range tests.

Table 3: Correlations of average energy properties of wood samples
with its percentage of fixed carbon.

Density PMC PAC PVM

PFC 0.982 -0.873 -0.941 -0.971
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the tree species, there should be a need to remove the
water in them by evaporation. Like densities, the percent-
ages of moisture content in various fuelwood samples used
were significantly different (P < 0:05) as shown in Table 2.
These variations might be due to the differences in the age
of tree species and/or environmental conditions as well as
variations in species.

The percentage of ash content in various fuelwood sam-
ples used for these analyses was significantly different
(P < 0:05) as shown in Table 2. The ash consists of mineral
water that is found in the wood itself, with an admixture of
some impurities which were acquired during transportation.
The mineral matter is distributed throughout the tree rather
irregularly. The ash consists of mainly potassium carbonate
with varying degrees of calcium, magnesium, and sodium
carbonate as well as minute quantities of iron oxide, alumina,
and silica. Pure ash is white in color [13]. A high ash content
of a plant part makes it less desirable as fuel, because a con-
siderable part of the volume cannot be converted into energy
[23, 27]. In general, tropical species are said to have compar-
atively high ash content and moisture content [14]. Ash
deposit on heat transfer surfaces in boilers and internal sur-
faces in gasifiers accelerates corrosion of hot heat exchanging
tubes and also reduces their efficiency [15]. The ash content is
much higher in lower aged (2-6 years old) trees compared to
matured trees (20 years old) [24].

The high volatile matter content of a biomass material
indicates that during combustion, most of it will volatilize
and burn as gas in the cookstove [15]. Biomass generally
has a volatile content around 70-86% of the weight of the
dry biomass which makes biomass a more reactive fuel giving
a much faster combustion rate during the devolatilization
phase than other fuels such as coal [15]. Table 2 shows the
variations of volatile matter among different fuelwood sam-
ples used (P < 0:05).

There is a significant difference in proportion of fixed
carbon among fuelwood samples used (P < 0:05). The varia-
tion in fixed carbon content was shown in Table 2. The vary-
ing fixed carbon content was observed as the result of low ash
content which is associated with high lignin content in the
wood used [22].

5. Conclusion

This study assessed the fuel properties of five tree species. It
can be concluded from the results that all species studied
had density ranging from 0.553 to 0.914 g/cm3, moisture con-
tent 5.908 to 9.927%, ash content 0.994 to 4.445%, and vola-
tile matter and fixed carbon 70.710 to 79.673% and 5.955 to
22.388%, respectively. O. africana has the highest fixed car-
bon, whereas Acokanthera schimperi has the least fixed car-
bon. Moisture content, ash content, and volatile matters are
the key parameters to be determined to predict the carbon
content of the species. The preference of wood fuels is not
dependent on the single energy properties of the species
rather a holistic characterization of PFC, PAC, PMC, PMV,
and density. Preference wood fuels by households are not
only on the basis of energy properties of fuelwood but also
by including the availability, flammability, and proximity to

the study area. The preference choice of tree species for fuel-
wood should rely on scientific assessment to satisfy the local
communities at large.

It could further be concluded from the study; the species
have relatively high moisture content and volatile matter
content but low fixed carbon content. It is advisable to con-
duct further study on the present status and coppice manage-
ment of the preferred tree species.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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