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In many developing countries, households heavily rely on fuelwood for cooking and heating. This study aims to contribute to the
growing body of research on sustainable energy solutions in developing countries by exploring household fuelwood consumption
patterns and preferred wood types for fuel use in the Mattu and Bedele districts of southwestern Ethiopia. The ultimate goal is to
inform policy and program interventions that can improve environmental and socioeconomic outcomes in these communities. A
comprehensive survey was conducted in 195 households using multistage sampling methods to collect information on fuelwood
consumption levels, cooking habits, socioeconomic characteristics, and perceptions of different wood types. Fuelwood collection,
storage, and use in households were observed to verify self-reported data. The amount of fuel consumed over 7 days was calculated
using the weight method, and measurements of fuel wood were conducted to quantify consumption per capita. Data obtained
from household surveys and direct measurements were analyzed using descriptive statistics such as frequency, percentage, mean,
and multiple regression analyses. Key findings from the regression analysis revealed that factors such as age and size of the
household, educational attainment, income, and proximity of fuel wood sources significantly influenced consumption patterns in
these districts. Urban families consumed substantially less fuel wood (average of 2.56 kg/day) than their rural counterparts
(average of 7.32 kg/day), resulting in a total consumption of approximately 187.3 tons of dry biomass which is an estimated 262
tons of CO, emissions. Six preferred tree species for firewood were identified: Pouteria adolfi-friederici, Prunus africana, Albiza
gummifera, Croton macrostachyus, Eucalyptus globulus, and Cupressus lusitanica. The main challenges of household firewood
consumption in the areas were identified as forest degradation, soil degradation, biodiversity loss, and climate change. To mitigate
these challenges, regulatory bodies should enforce laws and regulations on reforestation initiatives, promote alternative cooking
fuels and efficient cookstoves, plant fast-growing wood tree species, and implement community forest management initiatives.
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environmental concerns, namely, deforestation, but also
poses serious health risks due to harmful emissions typically
associated with solid fuel combustion [3].

Globally, a significant portion of households in developing
countries relies on traditional biomass as a primary energy
source for cooking and heating. This reliance predominantly
manifests in the form of fuelwood, with various studies
indicating its critical role in everyday energy consumption
[1]. In sub-Saharan Africa, the situation remains particularly
dire, where projections suggest that nearly 1 billion in-
dividuals will continue to depend on traditional biomass
fuels by 2030 [2]. This dependence not only exacerbates

The reliance on traditional biomass fuels, driven by
factors such as affordability and accessibility, has pro-
found implications for public health, especially for
women, who are often the primary users of these energy
sources [4]. Literature highlights that ineflicient cook
stoves and the use of biomass fuels have been linked to
adverse health outcomes, including respiratory infections
and cardiovascular disease, thus emphasizing the urgent
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need for cleaner alternatives [5]. Recognizing these health
impacts, initiatives promoting improved cook stoves have
emerged as potential solutions. However, the effectiveness
of promoting improved cook stoves depends on various
factors, including stove design, fuel type, and consistent
adoption by households. While improved cook stoves
initiatives on the continent show promise in reducing
health risks and environmental damage, their effective-
ness depends on a thorough understanding of household
fuelwood choices and consumption patterns, which are
often influenced by socioeconomic factors and access to
alternative energy sources [6]. Moreover, the drawbacks
of traditional biomass usage are well-documented: It
serves as an inefficient energy carrier, generates hazardous
emissions, and is extracted unsustainably from natural
resources [7].

Transitioning to cleaner fuels, such as liquefied petro-
leum gas (LPG) or electricity, offers potential solutions, as
these alternatives minimize harmful particle emissions and
provide better economic and community benefits compared
to conventional fuels [4, 8]. Given the potential benefits of
cleaner fuels, it is important to understand the barriers
hindering their adoption and the factors driving the con-
tinued use of traditional biomass.

At the national level, Ethiopia exemplifies these chal-
lenges, with many households in regions like Mattu and
Bedele still heavily dependent on firewood. Understanding
the factors driving this continued reliance on fuelwood is
essential for developing effective policies that address the
dual issues of environmental sustainability and public
health. Factors such as family income, access to alternative
fuels, and various sociodemographic elements play a crucial
role in determining fuel choices in these communities.

Thus, this study aims to examine the determinants
influencing firewood use, identify preferred tree species for
fuel, and quantify the extent of firewood consumption
among households in Mattu and Bedele districts. By fo-
cusing on local contexts, the research seeks to provide ac-
tionable insights for policymakers and community leaders
aiming to promote cleaner cooking solutions that align with
families” needs.

2. Materials and Methods

2.1. Description of the Study Area. The study was conducted
in the Mattu and Bedele districts of the Oromia region in
southwestern Ethiopia. These districts were selected due to
high reliance on fuel wood within the population and their
location in a natural resource-rich districts facing envi-
ronmental challenges.

2.1.1. Location. Mattu district, located at 8°18'N latitude and
35°35'E longitude, is far from the capital Addis Ababa ap-
proximately by 600 km. Its altitude is around 1605 m above
sea level.

Bedele district lies between 8°14'30”"N and 8°37'53"N
latitude and 36°13'17"E to 36°35'05"E longitude, approxi-
mately 480 km from Addis Ababa.
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2.1.2. Climate. Both Mattu and Bedele districts experience
a tropical climate characterized by distinct and frequent wet
seasons.

2.1.3. Vegetation. The natural landscapes in both Mattu and
Bedele districts are diverse featuring grasslands, savannas,
and deciduous trees like acacias, eucalyptuses, and oaks.

2.1.4. Population. Mattu district: The estimated population
is 28,782 [9] with 14,400 men and 14,382 women.

Bedele district: The population is 19,517 [10], consisting
0f 9837 men and 9680 women. Figure 1 shows the map of the
study areas.

2.2. Sampling Method and Sample Size. To ensure both
relevance to the study objectives and statistical represen-
tativeness, a multistage sampling approach was employed,
combining purposive selection at the initial stage with
systematic random sampling in subsequent stages.

Stage 1: Purposive District Selection. Mattu and Bedele
districts were purposively selected from the Oromia
region, Illu Aba Bor, and Buno-Bedele Zones, re-
spectively. This selection was based on their docu-
mented high dependency of local communities on
forest resources for livelihoods and their significant
susceptibility to land degradation. This strategic se-
lection ensured that the study focused on areas where
fuelwood utilization and its environmental impacts are
most pronounced and relevant to the research
questions.

Stage 2: Simple Random Kebele Selection. From each of
the two purposively selected districts (Mattu and
Bedele), a comprehensive list of all kebeles (the smallest
administrative units) was obtained from the respective
district administrative offices. To ensure an unbiased
representation of the diverse socioeconomic landscape,
four kebeles were then randomly selected from each
district using a lottery method.

e Mattu district: Kodohiri, Gaba Guda, Adele Gumar
(rural kebeles), and Mattu Town (urban kebele).

¢ Bedele district: Dabana Deru, Yabala, Mirga Mute
(rural kebeles), and Bedele Town (urban kebele).

Stage 3: Systematic Random Household Selection.
Within each of the eight selected kebeles (six rural and
two urban), a complete and updated list of all registered
households was obtained from their respective ad-
ministrative offices. This list served as the sampling
frame. The target population for this study was spe-
cifically defined as households that utilize fuelwood for
energy production, either through collection or pur-
chase. To select households, systematic random sam-
pling was employed in each kebele. A sampling interval
(k) was determined by dividing the total number of
households in each kebele by the proportional sample
size allocated to that kebele. A random starting point
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FIGURE 1: Map of the study area.

was selected from the first “6” households on the list,
and subsequently, every kth household was chosen
until the required sample size for that kebele was met.

Sample Size Determination: The total required house-
hold sample size (n) for the study was calculated using the
following statistical formula for determining sample size for
finite populations [11]:

NZ’pq

- , 1
"TEWN-D+Zq W

where n is the required sample size; p = 0.15, which is
a population reliability of 15% (for an estimated frequency in
a sample size of n); g=1-p (1 0.15) =0.85; N =30,510, total
number of households in targeted kebeles; Z is the standard
error corresponding to 95% confidence interval, that is, 1.96;
and thus, using the above equation, the household sample
size was 195. This sample size was then proportionally
distributed among the selected kebeles based on their re-
spective  household  populations to ensure fair
representation.

2.3. Data Sources and Collection Methods. To comprehen-
sively address the research objectives, the study integrated
both primary and secondary data sources. Primary data
collection focused on gathering specific, up-to-date in-
formation directly relevant to the research questions,

including household fuelwood consumption patterns, pre-
ferred species, and socioeconomic factors influencing energy
choices. Secondary data provided contextual information on
regional demographics, environmental conditions, and
existing policies related to forestry and energy use.

2.3.1. Primary Data Collection. Primary data were collected
through household surveys, key informant interviews, focus
group discussions (FGDs), and direct measurements of
fuelwood consumption.

2.3.1.1. Household Survey. Structured questionnaires were
administered to randomly selected household heads. The
questionnaire consisted of closed and open questions
covering:

e Household characteristics (gender, age distribution,
education level, household size, distance to fuelwood
sources, and monthly income).

¢ Fuelwood consumption patterns (quantity used daily,
weekly, or monthly).

e Types of wood used (species and reasons for
preference).

e Alternative energy sources.

2.3.1.2. Key Informant Interview. Key informants in this
study were considered to be people who are knowledgeable



about the extraction of fuel wood from the forest, who know
the selected types of wood used for fuel in the area, and who
continue to live in the community for a long time. These
were selected using the snowball method ([12], as cited in
[13]). The interview participants were development orga-
nizations (DAs), private women, and heads of households
who mostly collected fuel wood from open forests to gain
insight, feelings, thoughts, and ideas. Twelve structured
questions were designed to collect interview data.

2.3.1.3. FGDs. FGDs were held with relevant group mem-
bers in each kebeles. The FGD aimed to obtain detailed
information from different groups of people about their
dependence on the use of fuel wood from forests. The main
participants in the focus group discussions were the De-
velopment Agency (DA) development agents who had ex-
perience with the past and current trends in fuel wood use in
the study areas, Kebeles leadership, Woreda energy experts,
forestry and wildlife experts, and households that frequently
use firewood and lived in the area for a long time to obtain
detailed information on fuelwood use from community
groups. A place to study participants focused on groups of
6-9 households from each kebeles. Focus groups were
interviewed that lasts for 1:30 an hour using a structured
checklist of no more than 10 questions.

2.3.2. Secondary Data Collection. Secondary data sources
included published reports from national and international
institutions, academic journals and books, government
documents from the Mattu and Bedele district adminis-
trations, and state archives.

2.4. Data Analysis

2.4.1. Analysis of Household Data. Quantitative data from
household surveys and direct measurements were analyzed
using descriptive statistics (frequency, percentage, and
mean) in Microsoft Excel 2019 and SPSS version 24.

2.4.2. Determinants of Household Fuelwood Consumption.
Fuel wood use is expressed as a percentage of annual
household consumption. Multiple regression analysis is a list
of tools for analyzing the relationship between two or more
variables. In this study, fuelwood use was used as the de-
pendent variable, and the independent variables were sex,
age, education, family size, monthly family income, and
proximity to forests. A statistical method for assessing
factors affecting household firewood use is regression
analysis. The relationship is believed to take an extended
form known as multiple regression models [14].
Y=a+B, x1+B,x2+B;x3+B,x4+...+B,Xn+eg

where « is the constant, ¢ is the error term, Y is the wood fuel
consumption (kg) as dependent variable, and §3; to 3, are the
regression coefficients, women and 1 man), and
X = distance traveled to the fuel wood sources. Regression
was tested at a 5% probability level. This model was chosen
because it best describes the dependent variable. After all,
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very few factors are the product of the same cause and effect
of unique independent variables.

3. Results and Discussion

3.1. Socioeconomic Characteristics of Fuelwood Users. A total
of 195 households were interviewed, with 55.4% headed by
males and 44.6% headed by females (Table 1). The age
structure analysis shows that the majority of household
heads (46.2%) fell within the 31-42 age range, followed by
27.7% between 43 and 55years old. Younger household
heads aged 18-30 comprised 16.4%, while those aged 56-68
accounted for 8.7%. Only 1% of household heads were older
than 69years. This distribution indicates that most re-
spondents were in economically active age groups. Re-
garding education levels, the largest proportion of
respondents (26.7%) had attended primary school.

Household size was categorized as small, medium, or
large. For the purpose of this study, these categories are
defined as follows: small families consist of 1-5 members,
with an average of 4 members. Medium families include
6-10 members, with an average of 7 members, and large
families have more than 10 members, averaging 11 mem-
bers. A small percentage of households (1.5%) were classified
as large families.

Monthly household income in cash includes various
sources: salaries, income from cash crops, trade profits, re-
mittances from family members working abroad, and income
from agricultural or nonagricultural labor. While all sources
contribute, income from cash crops and agricultural labor were
reported as the most common, particularly during harvest
seasons. Regarding income distribution, the largest group of
households (31.8%) reported earnings above 4500 Ethiopian
Birr per month. A significant portion (27.7%) earned less than
500 Ethiopian Birr per month. The remaining households were
distributed as follows: 17.4% in the 501-1500 Birr range, 14.4%
in the 1501-2500 Birr range, and 8.7% in the 2501-4500 Birr
range (Table 2). The distance households traveled to collect
fuelwood from their primary source (state forest, roadside,
private land, or communal forest) varied. The shortest distance
reported was 1km, while the longest distance was 3 km. The
average distance to fuelwood sources across all households
surveyed was 2.68 km.

3.1.1. Main Source of Energy. The primary energy source for
households in the Mattu and Bedele districts is over-
whelmingly biomass. Specifically, the survey results showed
that the most common primary energy source was firewood
(34.96%), followed by a combination of charcoal and fire-
wood (23.58%), firewood and electricity (20.6%), and
charcoal and electricity (13.55%). Less frequently used
primary energy sources included electricity alone (3.79%),
charcoal alone (1.63%), crop residue (1.08%), and LPG and
kerosene (0.8%) (Figure 2). These energy sources are used to
meet daily domestic needs for cooking, baking, and
heating water.

Earlier studies in Ethiopia, such as Ezzati and Kammen
[15] and Girma [16], reported that approximately 93% of



International Journal of Forestry Research

TaBLE 1: Demographic characteristics of respondent households.

Parameter Frequency Percent (%)
Gender of household head
Female 87 44.6
Male 108 55.4
Age of household head
18-30 32 16.4
31-42 90 46.2
43-55 54 27.7
56-68 17 8.7
>69 2 1.0
Educational level of household head
None 40 20.5
Read and write 48 24.6
Primary school 52 26.7
Secondary school 35 17.9
College 13 6.7
University 7 3.6

Note: Source: Field Survey, 2024.

energy for household consumption nationwide came from
fuelwood. While our study confirms the continued heavy
reliance on biomass in the Mattu and Bedele districts, with
approximately 58.54% using firewood solely or in combi-
nation with charcoal, it is noteworthy that this figure is
somewhat lower than the historical national average. This
suggests that while biomass remains dominant, there is
a discernible, albeit gradual, shift toward the adoption of
alternative energy sources like electricity, particularly in
combination with traditional biomass fuels. This transition
aligns with the “energy ladder” model, where households
gradually shift from traditional biomass to cleaner fuels as
their income and access improve, though this process is
often slow and characterized by “fuel stacking” rather than
complete substitution [17].

The observed difference in biomass reliance compared to
older national figures might be attributed to increased access
to electricity in the study area, possibly reflecting the ex-
pansion of Ethiopia’s national grid or the proliferation of off-
grid solutions, compared to the national average at the time
of the previous studies [18]. However, the high prevalence of
combined fuel use (e.g., firewood and electricity) indicates
that electricity is often supplementary, used for lighting or
charging devices, rather than a primary cooking fuel. This
implies that households are still heavily exposed to the
detrimental impacts associated with traditional biomass use.

The continued overwhelming reliance on biomass fuels
has significant environmental and public health implica-
tions. Environmentally, it contributes to deforestation, land
degradation, and the depletion of forest resources in the
region, exacerbating climate change impacts through the
release of greenhouse gases [19]. From a public health
perspective, the combustion of biomass indoors exposes
household members, particularly women and children, to
high levels of indoor air pollution (IAP), leading to various
respiratory illnesses, eye infections, and other non-
communicable diseases [20]. These findings underscore the
urgent need for targeted interventions to promote cleaner
and more sustainable energy alternatives in rural Ethiopian

districts, balancing energy access with environmental sus-
tainability and public health.

3.1.2. Reasons for Household Use of Fuelwood. As shown in
Figure 3, the predominant reason for fuelwood use among
households (40%) is its perceived low cost and affordability.
Another significant proportion of households (31.79%) in-
dicated that fuelwood is readily and consistently available. A
smaller percentage cited the lack of alternative energy
sources (14.36%) and the dual benefit of fuelwood for both
cooking and heating the house (13.95%) as their reasons for
use. This aligns with previous research [16, 21], which
highlights the relative affordability of biomass fuels com-
pared to modern energy sources, particularly for lower-
income populations in developing countries.

However, the perception of low cost often only accounts for
the direct monetary expense, neglecting the significant hidden
costs associated with biomass use. These include the time and
labor spent, primarily by women and girls, on fuelwood col-
lection, contributing to “time poverty” and limiting opportu-
nities for education or income-generating activities [22].
Furthermore, the unquantified costs of health impacts due to
IAP and environmental degradation are substantial [23].

While respondents cited the “readily and consistently
available” nature of fuelwood, this perception may mask un-
derlying issues of deforestation and the sustainability of current
harvesting practices unique to the local context. In many parts
of Ethiopia, biomass resources are under increasing pressure
due to population growth and unsustainable extraction rates,
leading to localized fuelwood scarcity and longer collection
times [24]. The perceived availability in the study area might
reflect access to remaining forest patches, but without sus-
tainable management, this availability is finite.

The reported “lack of alternative energy sources”
(14.36%) is a critical impediment to energy transition. This
often stems from a combination of factors including limited
infrastructure for modern fuels (like LPG distribution
networks), high upfront costs for appliances, and a lack of
awareness or cultural acceptance of new technologies [25].
The dual benefit of fuelwood for both cooking and heating,
while practical for households, particularly in colder seasons,
suggests a lack of access to more efficient and cleaner heating
solutions and often points to inadequate housing insulation,
further contributing to IAP [26].

Collectively, these reasons underscore a complex in-
terplay of economic necessity, resource availability, infra-
structural deficits, and cultural practices that entrench the
reliance on traditional biomass. Addressing these deep-
rooted challenges necessitates a multifaceted approach, in-
cluding promoting access to affordable clean cooking so-
lutions (e.g., improved cookstoves and LPG subsidies),
expanding reliable electricity grids specifically for cooking,
and implementing robust sustainable forest management
practices to mitigate environmental damage.

3.2. Household Fuelwood Consumption. Household surveys
revealed a significant difference in fuelwood consumption
between urban and rural areas. The average daily fuelwood
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TaBLE 2: Household family size, monthly income, and distance to fuelwood source.

Parameter N % Minimum Mean Maximum
Household family size
Small (1-5 members) 4
Medium (6-10 members) 7
Large (more than 10 members) 11
Household monthly income (ETB)
<500 54 27.7
501-1500 34 17.4
1501-2500 28 14.4
2501-4500 17 8.7
> 4500 62 31.8
Distance to fuelwood source (km)
Distance 1.00 2.68 3.00
Note: Source: Field Survey, 2024.
Household main source of energy
40 34.96 R
35
O s
g 25 [EER 20.6
g 20 13.55
& 15 R
1 ' 379 e
5 1.63 R 1.08 - 08
0 .
Charcoal and charcoal Fire wood Firewood Charcoal and electricity Crop LPG and
firewood and electricity residue kerosene
electricity
Main source of energy
FIGURE 2: The main source of energy in the study area.
Reason of household using fuel wood
50 So40 S
40 - 31.79.
£ 30
520
& 10
0

Cheap and affordable

Always available

Unavailability of Fuel wood used for
alternative energy cooking helps in
source heating the house

Reasons of households

FIGURE 3: Reasons why HH uses fuel wood.

consumption in urban areas (mean =2.56kg/day) was ap-
proximately one-third of that in rural villages
(mean =7.32kg/day). This aligns with findings from Zélolo
et al. [27], which attribute higher rural consumption to the
greater availability of fuelwood near surrounding forests and
the limited access to alternative energy sources. This pro-
nounced urban-rural disparity is a central finding, under-
scoring the persistence of traditional energy sources in less
developed areas and reflecting a classic phenomenon often
described by the “energy ladder” concept, where households
transition from biomass to cleaner fuels (e.g., LPG and
electricity) as income and access improve [28]. In our study

area, rural households remain largely at the lower rungs of
this ladder, heavily reliant on readily available, but often
unsustainably harvested, biomass.

The overall mean daily fuelwood consumption per capita
was 0.89 kg (326.3 kg per person per year), and the average
daily household consumption in the study area was 6.13 kg
of dried biomass (Table 3). The variation in fuelwood
consumption across different areas within the study site was
also notable. The lowest average daily per capita con-
sumption was observed in Mattu Town (0.5kg), while the
highest was in Yabela Kebele (1.13kg). These figures are
consistent with the range of 0.7 kg—1.2 kg per day reported in
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previous studies [7, 29]. For example, Gaya et al. [30] re-
ported a weekly household fuelwood consumption of 54.1 kg
in rural areas. The total estimated annual fuelwood biomass
consumption by households in the study area was
187,026.3 kg (187.03 tons).

Based on established conversion factors, burning 1 kg of
fuelwood releases approximately 1.518 kg of carbon, 1.406 kg
of CO,, 0.084 kg of CH,4, and 0.028 kg of N,O. Therefore, the
estimated emissions from burning 187.03 tons of fuelwood
in the study area annually amount to 295.5 tons of carbon,
262 tons of CO,, 15.7 tons of CH, and 0.48 tons of N,O. This
represents a significant contribution to greenhouse gas
emissions and highlights the environmental impact of re-
lying on fuelwood as a primary energy source. Beyond
climate change contributions, the scale of consumption and
associated emissions point to several critical implications.
Environmentally, such high demand for fuelwood likely
accelerates deforestation and forest degradation in the
surrounding areas, impacting biodiversity, soil stability, and
water resources [31]. The reliance on biomass also perpet-
uates IAP, a major public health concern. Burning solid fuels
in poorly ventilated homes exposes household members,
particularly women and young children, to high levels of
particulate matter and other harmful pollutants, leading to
increased incidences of acute respiratory infections, chronic
obstructive ~ pulmonary disease, and other non-
communicable diseases [32]. Furthermore, the time and
labor involved in fuelwood collection, predominantly un-
dertaken by women and girls in rural settings, contribute to
“time poverty,” diverting them from education, income-
generating activities, or other productive endeavors [33].
Addressing this consumption pattern is thus crucial not only
for climate mitigation but also for improving public health,
promoting gender equality, and fostering sustainable live-
lihoods in the region. Further research should investigate the
long-term effects on carbon sequestration and assess the
specific health burden attributed to IAP in the study area.

3.3. Factors Affecting Fuelwood Consumption. The multiple
correlation determinations show that R squared is 0.524,
meaning that approximately 52.4% of the variability in the
amount of fuel wood is accounted for by variables in the
model (Table 4). The adjusted R-squared indicates that
approximately 50.9% of the variability in the amount of fuel
wood was accounted for by the model even after considering
the number of predictor variables. The p value of the F-test
to determine if the overall model fit is less than 0.05 indicates
that the model is statistically significant. Understanding
these influencing factors is critical for designing targeted and
effective interventions aimed at promoting sustainable en-
ergy transitions and reducing reliance on fuelwood.

The multiple linear regression model reveals that
household age, education level, monthly income, and dis-
tance to fuelwood sources negatively influence per capita
fuelwood consumption, while household size has a positive
influence. This aligns with findings from Tariku et al. [34] in
Ethiopia, which also demonstrated a positive correlation
between household size and fuelwood consumption and
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a negative correlation between education level and fuelwood
consumption.

Household age: The negative coefficient (—0.107) suggests
that older households tend to consume less firewood. This
could be attributed to a combination of factors. As household
members age, family size might decrease due to children
leaving home, thus reducing overall energy demand. Addi-
tionally, older individuals might have accumulated more re-
sources over time, allowing them to invest in more efficient
cooking technologies or transition to alternative energy
sources. 'This phenomenon aligns with observations of
household life cycles influencing energy choices [35].

Education level: The negative coefficient (-0.25) in-
dicates that higher levels of education are associated with
lower fuelwood consumption. This is likely due to increased
awareness of the health and environmental impacts of
fuelwood use, as well as greater access to alternative energy
sources and more efficient cooking technologies, which
aligns with Danlami [36]. More educated households may
also prioritize time-saving and cleaner energy options.
Particularly, women with higher levels of education may
have less time to invest in fuelwood collection due to their
involvement in other activities. This finding strongly implies
that investments in education, particularly for women, can
serve as a powerful catalyst for adopting cleaner energy
solutions, contributing to both environmental sustainability
and improved public health outcomes.

Monthly income: The negative coefficient (-0.087)
suggests that higher monthly income leads to decreased
fuelwood consumption. This is consistent with the expec-
tation that wealthier households can afford and utilize al-
ternative energy sources, reducing their reliance on
fuelwood. This result is a fundamental tenet of the energy
ladder model, where increased affordability directly trans-
lates to a shift away from traditional biomass fuels [37].
Policies aimed at poverty reduction and income generation
could therefore indirectly, yet significantly, contribute to
reduced fuelwood dependency.

Distance from fuelwood source: The negative coeflicient
(-0.181) indicates that households located further from
fuelwood sources consume less firewood. This is intuitive, as
increased distance translates to higher time and effort costs
associated with fuelwood collection, incentivizing house-
holds to either use less fuelwood or switch to alternative
energy sources. This highlights the practical barriers faced by
remote communities and underscores the need for localized
energy solutions or improved access to sustainable alter-
native fuels to alleviate the burden of collection.

Family size: The positive coeflicient (0.215) indicates that
larger families consume more firewood, reflecting the
greater energy demands for cooking, heating, and other
household activities. This direct relationship emphasizes the
cumulative impact of population growth on forest resources
in areas reliant on fuelwood. While larger households might
benefit from some economies of scale in cooking, the overall
increased demand remains a significant driver of con-
sumption. Therefore, demographic trends and family
planning initiatives could indirectly influence fuelwood
demand in the long term.
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TaBLE 4: Factors affecting fuel wood

consumption in the study area.

Model Un:(::g{l?:ﬁ:zed Standardized 95 'O?O;néerval Confidence
B Std. error Beta T Sig. Lower bound Upper bound
(Constant) 0.617 0.100 6.200 0.000 0.421 0.814
Household age -0.107 0.021 -0.291 —4.988 0.000 —-0.149 —-0.065
Household family size 0.215 0.036 0.326 5.927 0.000 0.144 0.287
Educational level -0.025 0.012 -0.110 —-2.169 0.031 —-0.049 0.002
Household monthly income -0.087 0.013 —-0.456 -6.856 0.000 -0.112 -0.062
Household sex -0.039 0.035 -0.059 -1.121 0.264 —-0.108 0.030
Distance -0.181 0.043 —-0.251 —4.227 0.000 —-0.265 -0.096
R?=0.524

R? Adjusted =0.509
F value =34.514
F probability = 0.000°

Note: Dependent variable: quantity of fuel wood consumed by households per day. The “b” appended to the p value is a footnote or flag generated by the
statistical software used for the analysis SPSS. It indicates that the actual p value is a very small, nonzero number that has been rounded to three decimal places,

resulting in the displayed value of 0.000.

3.4. Tree Species Preference for Fuelwood. The study revealed
distinct preferences for fuelwood species across the study
areas, with the top three preferred tree species in Bedele town
and surrounding village communities identified as Croton
macrostachyus, Eucalyptus globulus, and Cupressus lusitanica.
Conversely, in Mattu town and its surrounding communities,
the most preferred species were Pouteria adolfi-frederick,
Prunus africana, and Albizia gummifera. This preference,
consistently identified through triangulated evidence from
focus group discussions, key informant interviews, and
household surveys, indicates a strong community consensus
on preferred fuelwood species (Table 5). Observational evi-
dence from the daily supply of burning wood from the forest
further corroborated these stated preferences.

Beyond mere abundance, the selection of these species is
rooted in a combination of factors, including their superior
energetic properties such as high calorific value, low moisture
content, minimal ash production, and desirable burning
characteristics (e.g., producing less smoke and burning for
longer durations). For instance, species like Croton macro-
stachyus, Pouteria adolfi-frederick, Prunus africana, and
Albizia gummifera are often traditional choices, valued not
only for their fuel qualities but sometimes also for their
cultural significance or ease of processing. The rapid growth
rates of exotic species like Eucalyptus globulus and Cupressus
lusitanica, despite potentially having different burning
characteristics compared to native species, make them readily
available and thus highly utilized, particularly in areas where
indigenous forests are depleted or protected [38]. Our find-
ings resonate strongly with other studies in Ethiopia, such as
Bahru et al. [39], who similarly identified Pouteria adolfi-
frederick, Prunus africana, Croton macrostachyus, and
Cupressus lusitanica as highly preferred wood fuel species,
underscoring the regional consistency in these preferences
driven by local availability, growth characteristics, energetic
properties, and long-standing traditional practices.

This selective pressure on a limited number of preferred
species carries significant ecological implications. The sus-
tained harvest of high-demand species, particularly slow-
growing indigenous trees like Pouteria adolfi-frederick,

TaBLE 5: Tree species preferred by households in the study area.

Tree species preferred

s/n for fuelwood Percentage
L. Pouteria adolfi-friederici (qararo) 20
2. Prunus africana (Hoomi) 15
3. Albiza gummifera (hambabesa) 14
4, Croton macrosstachys (Makkanisa) 10
5. Millettia ferruginea (sotallo) 9
6. Acacia abyssinica (Laaftoo) 8
7. Eucalyptus globulus (Baargamo Adii) 7
8. C. lusitanica (Gaatira Faranji) 6
9. M. lanceolata Forssk (Abayyii) 5
10. Cordia africana (Waddeesa) 3
11. Ficusi sur (Harbu) 2
12. Podocarpus falcutus (Birbirssa) 1

Note: Source: field survey, 2024.

Prunus africana, and Albizia gummifera, contributes directly
to the depletion of their populations and overall forest
degradation. Such targeted extraction can lead to a shift in
forest composition, favoring less desirable or faster-growing
species, and ultimately reducing the ecological resilience and
biodiversity of the forest ecosystem [40, 41].

As perceived by the community members in our study,
this over-reliance on fuelwood, largely supplied by the
identified preferred species, manifests as significant envi-
ronmental challenges within the study areas. Respondents
indicated that this practice leads to 36.06% forest degra-
dation, 29.41% soil degradation, 21.48% biodiversity loss,
and 13.04% exacerbation of climate change. The removal of
forest cover for fuelwood directly contributes to soil erosion
by exposing topsoil to the erosive forces of rainfall and wind,
thereby diminishing soil fertility and agricultural pro-
ductivity [40]. Furthermore, the loss of specific tree species,
which often play critical roles as keystone species or provide
essential ecosystem services, leads to a significant decline in
overall biodiversity and disrupts complex ecological pro-
cesses, impacting habitat for other flora and fauna. The
cumulative effect of deforestation for fuel, releasing stored
carbon into the atmosphere, directly exacerbates local and
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regional climate change impacts, aligning with broader
findings on the global contribution of household solid fuel
combustion to environmental deterioration and habitat loss
[8, 42].

These findings underscore the urgent need for integrated
sustainable forest management practices and the promotion
of alternative energy sources to mitigate the adverse envi-
ronmental impacts observed. Understanding community
preferences for fuelwood is vital for developing targeted and
effective interventions. These could include promoting
sustainable harvesting techniques for preferred species,
establishing community woodlots with fast-growing alter-
natives like improved Eucalyptus varieties, and supporting
the adoption of fuel-efficient stoves. Such multifaceted ap-
proaches are essential to simultaneously address the energy
needs of local communities and reduce the prevailing de-
forestation pressures, thus contributing to both environ-
mental sustainability and community well-being [42].

4. Conclusions

The study found that firewood is the primary source of
power for most families in both rural and urban areas, as the
majority can afford biomass fuel. The high demand for
firewood is influenced by various socioeconomic factors,
including household age, family size, household income
levels, limited access to alternative energy sources, and the
distance between houses and sources of firewood in forests.
The study quantified household fuelwood consumption in
rural areas (7.32kg/day) compared to towns (2.56 kg/day),
indicating that rural households consume more fuelwood
than urban households. Approximately 187.3 tons of dry
biomass was burned in the areas, resulting in an estimated
262 tons of CO, emissions. The study also identified the most
popular tree species for firewood consumption in the study
area (Pouteria adolfi-frederick, Prunus africana, Albiza
gummifera, Croton macrosstachys, Millettia ferruginea,
Acacia abyssinica, and Eucalyptus globulus), leading to ex-
cessive forest degradation, soil degradation, biodiversity loss,
and climate change. To address these challenges, regulatory
bodies may enforce laws and regulations on reforestation
initiatives, poverty alleviation programs, promoting alter-
native cooking fuels, planting fast-growing wood tree spe-
cies, and community forest management initiatives.
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