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Abstract
Production of value-added outputs from biomass residues represents an opportunity to increase the supply of renewable
energy in Ethiopia. Particularly, agroforestry could provide biomass residues for improved bioenergy products. The aim
of this study was to characterize the interest of growers to provide biomass residues to a hypothetical biomass feedstock
market. This study relied on a survey conducted on a sample of 240 farmers. Although the awareness of potential
biomass products was generally quite low, a majority of farmers expressed interest in supplying biomass residues, but
the level of interest depended on certain individual socio-economic and demographic characteristics. For example,
younger and female household heads were found to be more interested in participating in the hypothetical biomass
market, as were households with an improved biomass stove, larger land holdings, and higher income levels. In addition,
larger households and those that felt less vulnerable to firewood scarcity also expressed more interest. As a whole, the
results imply that farmers, particularly those with younger and female heads of households, should be supported with
programs tailored to ensure their inclusion in biomass supply chains. Respondents generally preferred farm-gate sales of
biomass, so the collecting, baling, and transporting of woody residues need to be properly incentivized or new actors
need to be recruited into the supply chain. Providing households with energy-efficient tools such as improved stoves
would not only increase demand for biomass products, but also increase the amount of biomass residues that could be
supplied to the market instead of used at home.

Keywords Biomass energy ● Ethiopia ● Drought ● Acacia decurrens ● Biomass supply chain

Introduction

Globally, the quest for sustainable energy sources has
intensified today more than ever before (Dahunsi et al.

2020), because lack of access to clean and modern energy
undermines economic development and poverty alleviation
efforts (Guta 2020). Rural renewable energy supply is
crucial for rural development, worldwide and even more so
in sub-Saharan Africa (SSA) (Barbier 2020), where more
than 80% of households still burn solid biofuels for cooking
and heating (World Bank 2011) and electrification lags
significantly far behind other regions of the globe (Dahunsi
et al. 2020). In other regions, the supply of electricity and
other modern energy sources has been shown to increase
rural income and overall well-being (Barbier 2020; Shan
et al. 2016), as well as reduce the strain on rural labor
systems, in particular for collecting energy sources like
firewood or dung (Gwavuya et al. 2012), and allow labor to
be allocated more productively (Dinkelman 2011; Narula
and Bhattacharyya 2017). Moreover, increasing energy
efficiency and reducing emissions from burning fossil fuels
or primary biomass energy carriers (wood, charcoal, dung,
or agricultural residues) using improved biomass
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technologies (e.g., stoves) would also improve health con-
ditions, particularly for women and children, by avoiding
respiratory diseases from exposure to outdoor and indoor air
pollutants (Gwavuya et al. 2012; Hanif 2018; Sulaiman
et al. 2020; Tucho and Nonhebel 2015). While some
authors (e.g., Hanif 2018; Mulugetta 2008) see the persis-
tent use of biomass resources as energy sources critical and
suggest a focus on other renewable energy sources, others
(e.g., Berhanu et al. 2017; Tucho and Nonhebel 2015)
highlight the high potential of the same, in particular
biomass-based energy as affordable energy sources in rural
areas, where poverty is an obstacle to purchasing electrical
equipment. From the latter’s viewpoint, woody biomass
residues may represent an environmentally friendly and
cost-effective alternative to fossil fuels for generating
affordable biomass-based modern energy products in
countries well-endowed with plantation forests (Dahunsi
et al. 2020; Nzotcha and Kenfack 2019; Shan et al. 2016;
Sulaiman et al. 2020).

Research from Asia has shown that significant cost
reductions and energy efficiency gains can be achieved
through the use of biomass rather than fossil fuels (Abe
et al. 2007; Tareen et al. 2020). In addition, the conversion
of previously used raw materials (e.g., residues or dung) and
waste into biofuels increases the energy efficiency of the
energy carriers themselves even further (Lee et al. 2019;
Tucho and Nonhebel 2015). A more recent economic
valuation study by Nzotcha and Kenfack (2019) indicated
that the use of woody biomass residues for power genera-
tion has the potential to enhance the SSA region’s current
electricity-generation capacity by 1%. SSA has very low
electricity access rates (45.4% in 2018), but it has a high
potential for biomass-based energy systems because of the
availability of ample raw material resources (IEA 2019). It
has, however, experienced major setbacks in the production,
distribution, and processing of bio-resources into new
bioenergy sources, and the region’s success in this sector
depends largely on solving a number of social, economic,
technical, and institutional problems (Dahunsi et al. 2020).

There is a longstanding precedent for coupling bioenergy
derived from a range of feedstocks (e.g., planted forest and
agricultural residues, grass, household wastes, energy
crops) and the variety of possible end-uses (e.g., heat,
electricity, transport fuel) elsewhere, using conversion
techniques like fast pyrolysis, anaerobic digestion, fer-
mentation, gasification, direct combustion, and liquefaction
(Bauen et al. 2009; Chan et al. 2019; Lee et al. 2019; Tareen
et al. 2020; Tripathi et al. 2019). Woody biomass-derived
energy systems are thus considered to have a high devel-
opment potential in the upcoming decades, both regionally
and globally (Lauri et al. 2014; Tareen et al. 2020; Tripathi
et al. 2019). As is the case in other SSA countries, Ethiopia
has a strong potential to produce biomass-based renewable

energy sources (Khatiwada et al. 2019). For example,
Ethiopia’s annual exploitable biomass potential is estimated
at 141.8 million tons and currently only half of this is
exploited (Hailu and Kumsa 2021), and woody biomass
constitutes 90% of total energy use, while other energy
sources continue to play a minor role (Alemayehu et al.
2020; Berhanu et al. 2017). Consequently, this type of
renewable energy resource can be harnessed in the quest to
achieving the country’s sustainable development. In this
context, new sources of economic value for small-scale
producers—as well as social benefits for society—can be
unlocked by using unexploited resources of woody biomass
residues for producing valuable upgraded bioenergy pro-
ducts. However, in the context of Ethiopia, biomass pro-
duction as a source of new bioenergy fuels is not yet as
common in rural agricultural and agroforestry systems as
staple crop production. In addition, there is also a lack of
biomass energy plants and production and processing
facilities. Consequently, the necessary value chains have yet
to be developed and optimized. This implies the need to
solve the “chicken and egg problem” of planning and
constructing energy plants and processing sites while
simultaneously ensuring a sustainable supply of raw mate-
rials. Our basic argument here is that there is a complex
interaction between (public) institutions like markets, value
chains and support schemes on the one hand and individual
incentives to participate in the respective markets and value
chains on the other. One cannot function without the other,
which leads to the aforementioned typical “chicken and
egg” state. The study aimed at resolving this problem by
determining whether there are individuals who have
incentives to participate in the (hypothetical) markets and
value chains. At the same time, the study also has the
overall goal to determine which institutional incentives may
be set to encourage potential participants, by analyzing
respective characteristics and constraints of individuals
which could be lifted through institutional support.

There seems to be an overall lack of knowledge and
research concerning bioenergy value chains, in particular
supply chains for biomass in SSA, including Ethiopia,
despite the acknowledged large potential of biomass-based
energy in the country (Dahunsi et al. 2020; Guta 2012). The
present study aimed to characterize the interest that potential
small-scale farmers have in supplying woody biomass for a
hypothetical biomass market and to create awareness about
the possibility of sourcing raw materials for biomass-based
bioenergy production from existing small-scale farmers’
Acacia decurrens (hereafter “acacia”) tree plantation sys-
tems in Ethiopia. The goal was to assess the feasibility of
processing woody biomass residues from acacia plantations
into value-added products and evaluate establishing a new
rural industry and improving the local energy supply, as
well as optimizing the utilization of acacia plantations and
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their products and byproducts. As far as the paper’s con-
tribution to theoretical and methodological aspects is con-
cerned, the goal was also, beyond the above-mentioned
feasibility aspect, to provide a ‘blueprint’ on how to
research the “chicken and egg” problem. Researches had,
on many occasions, have to deal with this kind of problem,
as in many economic cases, in particular in developing
countries, and while many technical and socio-economic
issues have been resolved or at least explained in recent
years, problems of the “chicken and egg” type have not yet
been resolved.

We hypothesized that woody biomass residues from
acacia woodlots may provide commodity benefits, in
monetary terms, which exceed the amount a woodlot would
offer from the same area in the current system. As a result,
small-scale growers could become interested in supplying
their harvest residues from acacia plantations, and that,
based on this newly available supply, processing plants for
emerging modern bioenergy production could be estab-
lished. We also hypothesized that acacia growers’ interest in
supplying woody biomass residues for biomass energy
production is based on certain conditions related to indivi-
dual resource endowments and other social and demo-
graphic characteristics. By understanding how acacia
growers respond to potential emerging bioenergy markets
and identifying the factors that explain their responses to
such opportunities, we should be able to anticipate and plan
for subsequent individual- and societal-level outcomes. As
previous studies indicate, adoption and decision-making
processes in the bioenergy sector depend on individual
conditions (e.g., attitudes toward risk and other socio-
demographic and farm characteristics) (Alemayehu et al.
2020; Wang and Watanabe 2016; Wolde et al. 2016). These
conditions and characteristics need to be considered when
discussing how small-scale tree plantation systems in
Ethiopia can be supported so farmers may join the biomass
energy market and supply chain. In addition, small-scale
farmers’ interest in participating in a potential new woody
biomass residues supply chain depends on the interaction of
several factors, as is also the case for other agricultural
products. However, the type and magnitude of these vari-
ables, to our knowledge, have not been systematically
investigated in Ethiopia. Hence, understanding farmers’ ex-
ante supply decisions needs due attention by relevant sta-
keholders (e.g., private businesses, government institutions,
private-public partnerships, research institutions, energy
sector development programs, international development
partners) to optimize the utilization of locally available
resources from plantation biomass residue because their
implications may extend beyond the farm scale to inform
the design, support, and promotion of appropriate inter-
ventions relative to farmers’ resources and livelihood
settings.

Contextualizing the Acacia Plantation System

Plantation forestry using fast-growing exotic trees has
become a major forestry practice in Ethiopia (Belayneh
et al. 2020; Guta 2012; Nigussie et al. 2021). A number of
exotic tree species have been promoted in the past several
years. Among these, eucalyptus and acacia species appeared
the most promising tree species (Belayneh et al. 2020;
Nigussie et al. 2017). Particularly in the northwestern
highlands of Ethiopia, the farming system seems to be
gradually shifting toward the cultivation of acacia and
eucalyptus plantations, mainly to produce traditional energy
sources like charcoal and firewood (Belayneh et al. 2020;
Nigussie et al. 2017; Nigussie et al. 2020).

A. decurrens, locally known as ‘girar’, is a fast-growing
multipurpose tree species native to Australia. It was intro-
duced in the 1990s to central highland areas of Ethiopia to
predominantly mitigate urban fuelwood shortages (Nigussie
et al. 2017). Around the same time, this species was
introduced into the northwestern highlands of Ethiopia.
Since the last decade, acacia was well acclimatized in this
region. Currently, acacia is the leading exotic tree species
grown in woodlot plantations in the northwestern Ethiopia,
followed by Eucalyptus camadulensis (Belayneh et al.
2020; Nigussie et al. 2017; Nigussie et al. 2021; Wondie
and Mekuria 2018).

Acacia trees produce goods such as charcoal, fuelwood,
construction materials, and animal feed, and provide service
functions such as soil fertility replenishment and soil con-
servation (Nigussie et al. 2017). Traditionally, acacia
growers mainly use the stems of the acacia for charcoal
production by using a rudimentary earth kiln technology
(Nigussie et al. 2021). Acacia trees are usually harvested
4–5 years after planting (Nigussie et al. 2017), when
farmers clear-fell woodlots for making charcoal, acacia trees
attain a height of 9–15 m. Charcoal is the key traditional
bioenergy product derived from acacia stems, and small-
scale farmers produce it principally for sale to others. There
is virtually no local demand for charcoal as charcoal use is a
predominantly urban phenomenon. The charcoal produced
by farmers is usually sold to traders, which is then sold to
final end users, mainly in major urban areas (e.g., Addis
Ababa, Bahir Dar, Gonder, Dessie, Mekelle) (Nigussie et al.
2021). In addition to charcoal from the stems, the woody
biomass residues (twigs, branches) represent a significant
resource in the acacia-based charcoal supply chain.

In the study watershed, the acacia woody biomass resi-
dues (twigs and branches), which are collected after clear-
cutting of woodlots, are mainly used as domestic firewood
sources for cooking and heating purposes (Nigussie et al.
2021). However, handling of these residues (e.g., collection
and transportation) for household domestic use depends on
the woodlot’s distance from a residence; the greater the
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distance, the higher the probability that the residues will be
left behind. In addition to its current traditional uses, acacia
woody biomass residue has a high energy potential to serve
as a feedstock for producing improved bioenergy products
(Sette Jr et al. 2020; Tareen et al. 2020) as it has the cap-
ability to accumulate large quantities of lignocellulosic
biomass within a short span of time (Beckinghausen et al.
2020). The residues could be upgraded into improved
bioenergy sources (Tripathi et al. 2019) and further improve
the sustainability of the plantation system in terms of gen-
erating energy for own use and/or additional income from
sales. As this resource is currently less tradable commodity
or undervalued in the local market or, sometimes, even left
behind the farther away the plantation site (Nigussie et al.
2021), the proposed bioenergy market could draw a con-
siderable supply thereby opening new avenues of income
generation and boosting the local economies in a short
period. Therefore, with regard to the exploitation of the
residual biomass resources for energetic purposes, only
twigs and branches could be assumed to be available,
whereas, leaves remain on site to maintain site soil
nutrients.

Material and Methods

Study Site

This study was conducted in the Guder watershed, a hotspot
for the exotic fast-growing acacia plantation boom, in the
northwestern highlands of the Upper Blue Nile Basin of
Ethiopia. Geographically, the Guder watershed is located at
10° 59′ 34′′ 11° 01′ 01′′ N and 36° 54′ 09′′ 36° 55′ 55′′ E
(Fig. 1). It is located in Fagita Lekoma District of the
Amhara Regional State and covers an area of 741 ha. The
elevation ranges from 1800 to 2900 m above sea level, and
the area is characterized by a moist subtropical climatic
condition. The mean annual minimum and maximum
monthly temperatures are 5 °C and 25 °C, respectively. The
mean annual total rainfall in the watershed is 2495 mm.

The livelihood of the community is mainly derived from
a rain-fed mixed subsistence crop-livestock farming and
charcoal making (Abeje et al. 2019; Nigussie et al. 2017;
Nigussie et al. 2021). The major staple crops cultivated
include teff (Eragrostis abyssinica), barley (Hordeum vul-
gare), potato (Solanum tuberosum), and wheat (Triticum
vulgare). The dominant livestock types are cattle, sheep,
donkeys, horses, and poultry. The predominant fast-
growing exotic species include acacia and E. camadu-
lensis (Abebe et al. 2020; Nigussie et al. 2020; Wondie and
Mekuria 2018). Clear felling (acacia) and coppice man-
agement (E. camadulensis) are the common plantation
management practices (Abebe et al. 2020). The soil, mainly

Acrisols and Leptosols (Abebe et al. 2020), is acidic and
severely degraded (Wondie and Mekuria 2018). Acacia has
the ability to fix nitrogen contributing to its successful
adaptation in acidic soils of the Guder watershed, and very
recently it is listed among legume tree species recom-
mended for reclaiming acid soils in Ethiopia (Amede et al.
2019).

Survey Design, Questionnaire, Sampling, and Data
Collection

Survey methods involve data collection using a survey
instrument or structured questionnaire. It is a common tool
used in social sciences to gain insights into an under-
standing of household’s decision-making and behavior, in
general (Galbraith 2020; Singh et al. 2016; Sovacool et al.
2018; Young et al. 2018); and collecting data that would
allow to measure and determine producers’ interest in
involving in bioenergy development, in particular (Ale-
mayehu et al. 2020; Convery et al. 2012; Curman et al.
2016; Dulys-Nusbaum et al. 2019; Gowan et al. 2018). This
study applied a cross-sectional household survey research
design. The investigation was divided into two stages. The
first stage was an exploratory study. In January 2020, a
series of field appraisals (field observations) and informal
interviews with 12 key informants (6 small-scale acacia
growers, 3 forest experts, and 3 energy experts) were
initially carried out at the study site to gain a better
understanding on woody biomass utilization and manage-
ment practices employed by small-scale acacia growers.
Key informants were selected based on their knowledge of
the locality. Insights gained from those field observations
and informal interviews, coupled with our review of the
previous empirical literature, were enabled us to conduct a
preliminary assessment of the factors that may determine
farmers’ possible participation in a hypothetical biomass
feedstock market and formulate the initial survey. In addi-
tion, this stage assisted us in putting our quantitative find-
ings in perspective at latter stages.

Following this step, a draft structured survey ques-
tionnaire was designed to collate data from acacia growers
on a range of topics. The survey questionnaire was orga-
nized in three parts. The first part of the questionnaire
included questions about household socio-demographic
characteristics, resource endowment, and farm and eco-
nomic profiles. The second part contained questions
regarding household’s possession of an improved biomass
stove, number of eucalyptus trees, years of acacia farming
experience, number of parcels and area occupied by acacia
plantations, current biomass uses and plantation sales
strategy, and respondent’s knowledge about any type of
products that can be produced from acacia’s woody biomass
residues.
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In the third part of the survey questionnaire, we included
a section that informed the participant about the possibility
of producing bioenergy products (e.g., briquettes or pellets)
from acacia’s woody biomass residues and the markets that
could emerge in the near future for these bioenergy feed-
stocks (i.e., the hypothetical biomass feedstock market
scenario). The survey then asked the respondent to indicate:
(1) their interest in participating in a bioenergy feedstock
market; (2) the relative strength of their interest; (3) their
preferred biomass supply method; and (4) their perception
about whether local firewood availability would be reduced
if a hypothetical feedstock energy market existed. The
question on the variable of interest, i.e., the farmer’s interest
in participation, was set as a binary choice (yes/no), asking
growers if they would consider supplying their woody
biomass residues to the proposed feedstock market. In
addition, respondents who expressed their interest to parti-
cipate in the proposed bioenergy market were presented
with a question that would indicate the strength of their
interest. More specifically, we asked: “How interested
would you be in participating in the proposed bioenergy
program if it were profitable for you?” on a response scale
of 1 (very low) to 5 (very high). The notion of “profit-
ability” was left to be defined by the respondent in order to
avoid a potentially confusing pretext. In the absence of any
formal bioenergy market for woody biomass in this region,
keeping the notion of profitability personal, enabled us to
get a response from all respondents, and avoided possible
influence of a threshold price that would have been

somewhat arbitrarily given by the researchers on their
response. The draft questionnaire was then pilot-tested on
20 acacia growers to ensure the clarity and adequacy of the
information sought.

The second stage was the formal research. Following the
preparation of a final questionnaire, a sampling frame
consisting of acacia-growing household heads in villages of
the Guder watershed was obtained from the local agriculture
office. A systematic random sampling technique was
employed to select a total of 240 acacia-growing household
heads for the survey. Finally, the questionnaire was admi-
nistered in face-to-face interviews in February and March
2020. Prior to starting each interview, the respondents were
first informed about the research objectives, and then their
verbal consent was obtained. The interviews lasted
approximately an hour on average.

Theoretical Approach

The decision-making process of farm households has been
investigated in the light of the theoretical framework of the
theory of utility. With the theory of utility, what is deemed
necessary about utility regarding choice(s) being made is
whether a given option has a higher utility than another
option. It has been assumed that the farm household’s
decisions are the results of rational choices reflecting their
utility maximization option. Accordingly, each individual
will choose the alternative that gives them the highest utility
(McFadden 1973; Mendola 2007).

Fig. 1 Location map of the study
area (USGS 2021)
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Assuming they behave in a rational manner, small-scale
acacia growers will seek to maximize their utility with
respect to the use of their woody biomass residues by
selecting their subjective preference from a set of available
alternatives, for either supplying their woody biomass
residues to the proposed market or using them for some-
thing else. To take into account the uncertainties that sur-
round the acacia growers’ decision-making processes, a
random utility model was used to determine the factors
influencing acacia growers’ interest in participating in the
biomass feedstock market. As a result, the utility functions
of alternatives can be divided into observed (Ui and Uj) and
unobserved (εi and εj) parts and additively expressed as:

Ui ¼ U x0ð Þ þ εi andUj ¼ U x0ð Þ þ εj

where Ui and Uj are the utilities obtained by acacia growers
by deciding to participate and not to participate in a biomass
supply scheme, respectively; x0 is a vector of explanatory
variables, and εi and εj are the error components of the
respective utilities with a normal distribution. The choice of
participating ðUiÞ over not participating ðUjÞ, implies that
the utility function is better maximized by deciding to
participate than by deciding not to participate.

Empirical Approach

Discrete choice models are econometric models particularly
suited to handle decision-making process that produce dis-
crete or categorical outcomes (Gujarati 2004). When the
dependent variable is dichotomous or binary in nature,
many studies have traditionally applied the logit or probit
models to determine the factors that influence decision-
making (Cameroon and Trivedi 2010; Gujarati 2004). The
logit and probit models have the advantage of good fitting
in case of limited dependent variables. They yield essen-
tially similar results except that probit has a normal cumu-
lative distribution function (i.e., it has a flatter tail) while
logit model assumes a logistic distribution of the dependent
variable (Cameron and Trivedi 2005; Gujarati 2004). Both
the logit and probit models are estimated by maximum
likelihood estimation (MLE) (Cameron and Trivedi 2005;
Cameroon and Trivedi 2010; Gujarati 2004). There is no
compelling reason as such to choose one over the other. As
a result, many researchers regard them as nearly inter-
changeable (Cameron and Trivedi 2005; Gujarati 2004).
The choice on which model to use, thus, is largely based on
own experience, availability of statistical software’s, and the
preference of the researcher. In this study, the binary probit
regression model was employed.

The probit model is commonly used to model the rela-
tionship between a binary response variable and one or
more explanatory variables, which can be either discrete or
continuous. The dependent variable takes the value of 1 if

an acacia grower indicates an interest to participate in the
proposed biomass supply scheme, and 0 otherwise. To
empirically implement the model, we assumed that there is
a latent (unobserved) variable or unobservable net utility,
y� ¼ Ui � Uj, that generates the observed variable (y),
which represents a farmer’s utility acquired from partici-
pating in the biomass feedstock market and can be specified
as described as follows:

y ¼ 1; if y� > 0 orUi >Uj

0; if y� � 0 orUi � Uj

�

Pr y ¼ 1 n xð Þ ¼ Φ x0βð Þ;

where y is the dependent variable, Φð:Þ is the standard
normal cumulative distribution function, β is a K × 1
parameter estimates vector, and x′ is a 1 × K vector of
explanatory variables. A positive sign means that the
explanatory variable helps to increase the probability of an
acacia grower’s interest to participate in the proposed
biomass supply scheme, and a negative sign implies the
opposite effect. The probit model can be estimated using the
MLE method.

Data Analyses

Data management was performed in SPSS ver. 23 (IBM
Inc., Armonk, NY, USA). Descriptive and econometric
techniques were employed to analyze the data collected
from the respondents using Stata ver. 15.1 (Stata Corp LP,
College Station, TX, USA). Descriptive statistics including
percentage, frequency, mean, and standard deviation were
used to analyze the data. Aside from descriptive analysis,
for the econometric analysis, a binary probit regression
model was used to examine the factors influencing acacia
growers’ interest in participating in the hypothetical feed-
stock market. As a robustness check, the linear probability
(LPM) and logit model were also estimated to determine
whether the probit model results would change substantially
(Appendix Table 1).

Factors Influencing Farmer’s Interest in Bioenergy
Development

Farmer’s behavior expressed through their choices in pro-
viding woody biomass residues to a hypothetical biomass
feedstock market is influenced by a complex set of factors.
Based on previous literature, context and locale rationale,
the most prevalent factors have been identified and were
used as independent variables for further analysis in this
study. The explanatory variables included farmer-specific
variables (age, gender, household size, level of education,
household income) (Curman et al. 2016; Guta 2020; Halder
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et al. 2014; Hand et al. 2019; Joshi and Mehmood 2011; Qu
et al. 2016; Wolde et al. 2016); farm-specific factors
(operating farm size, years of acacia farming experience,
number of eucalyptus trees owned) (Guta 2020; Hand et al.
2019; Joshi and Mehmood 2011; Mengistu et al. 2016; Qu
et al. 2016; Wolde et al. 2016); perception toward risk
factor (perceptions about reduced firewood access) (Curman
et al. 2016; Halder et al. 2014; Qu et al. 2016); and access to
technology factor (possession of improved stove) (Duguma
et al. 2014). Therefore, evaluating these factors is important
to find out which variables are significant and shape the
responsiveness of small-scale acacia growers to the pro-
posed bioenergy program. Definitions of the selected vari-
ables included in the probit model, hypotheses of the
direction of their influence and their descriptive statistical
measures are presented in Table 1.

Results

Characteristics of the surveyed respondents

Table 1 summarizes the demographic and socio-economic
characteristics of the surveyed respondents. The average age of
the respondents in the sample was about 49 years, with most
aged between 36 and 64 years (76.25%). The majority of the
households (80%) were male-headed. The average household
size for sampled households was 5.53 persons, which is a little
higher than the national average of 5.34 persons. Most
respondents (45.42%) belonged to a household with 6–7
members, whereas ~43% of them belonged to a household
with up to five members. The average schooling attained in the
sample was a little more than 3 years. The average land-
holding size was 1.42 ha (range 0.25–5.13 ha), which is higher
than the regional average holdings of 1.15 ha. The average
annual income was about ETB 39,131. On average, respon-
dents had a little more than 8 years of acacia farming
experience. One-third of the respondents stated possession of
improved biomass stoves. The average number of eucalyptus
trees owned by the respondents was about 104 trees. Indeed,
46% of the respondents perceived that using acacia residue as
a feedstock source for a proposed bioenergy supply program
would reduce local firewood availability.

Awareness about Alternative Biomass Uses

When asked about their familiarity with any type of product
that could be produced from acacia biomass residues prior
to this survey, the vast majority (232 respondents) indicated
that they were unaware of such products (Table 2). The few
respondents who reported they were familiar (8) mentioned
charcoal and compost as possible byproducts. Only 18% of
respondents indicated that they had any experience selling
woody biomass residues in the past (Table 2).

Interest in participating in the bioenergy program

When given a brief informative description about a hypo-
thetical acacia biomass processing program, the majority of
the respondents (84%) expressed interest in participating
(Fig. 2a). Of these, more than 82% were moderately to

Table 1 Description and summary statistics of the explanatory
variables used in the analysis

Variable (unit) H0 sign Mean (SD)

Age of HH (years) 49.47 (11.96)

20–35 + 30.10 (4.26)

36–64 + 49.44 (7.62)

>64 – 69.71 (5.27)

Gender of HH (1= female, 0=male) – 0.20 (0.40)

Household size (no. of members) 5.53 (1.71)

2–5 – 3.90 (1.03)

6–7 + 6.41 (0.49)

>7 + 8.22 (0.64)

Education level of HH (years) + 3.13 (3.42)

Operating land size (ha) 1.42 (0.69)

<1.10 – 0.76 (0.24)

1.10–1.59 – 1.33 (0.15)

>1.59 + 2.18 (0.56)

Total household cash income ('000 ETB) 39.13 (25.55)

<24 – 17.32 (3.59)

24–42 – 33.27 (5.)

>42 + 66.80 (25.29)

Years of acacia farming experience
(years)

8.38 (3.43)

3–8 – 6.36 (1.13)

>8 + 11.36 (3.52)

Household had improved stove (1= yes,
0= no)

+ 0.33 (0.47)

Number of eucalyptus trees (no. of trees) + 103.97 (140.89)

Farmer perceived reduced firewood
access (1= yes, 0= no)

– 0.46 (0.49)

H0 sign is the predicted direction of the effect

HH household head, SD standard deviation, ETB Ethiopian Birr (At
the time of the survey USD 1 ≈ ETB 32)

Table 2 Respondents awareness of new products from biomass
residues and their previous experience in selling biomass

Characterstics Response N %

Aware of any product that can be produced
from residual woody biomass

Yes 8 3.33

No 232 96.67

Any experience of selling woody biomass
residues

Yes 44 18.33

No 196 81.67
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highly interested in participating in the proposed market
(Fig. 2c).

In the current acacia plantation and biomass use system,
the majority of respondents make charcoal (45%) and sell
their stands at maturity (41.7%). A similar pattern was
observed among those who were interested in participating
in the hypothetical program and those who were not (Fig.
2b). Respondents belonging to the interested group pos-
sessed, on average, about 46% more acreage than their
uninterested counterparts (1.49 vs. 1.02 ha; p < 0.001, t
(238)= –4.0431) (Fig. 2d). The average size of acacia
plantation owned by respondents was 0.64 ha, which was
fragmented into more than two parcels in 82.5% of cases.
Both groups allocated roughly one-half of their acreage for
acacia plantation.

When asked about their preffered place for conducting
a biomass transaction, most of the respondents who said
they would be interested in participating in the hypo-
thetical program (90.59%) stated that the farm gate would
be their preferred location. Our informal interviews
indicated that the acacia growers would find transporting
the biomass themselves to be difficult. If such a market
existed, they would rather collect, bale, and store the
biomass residues on-farm until the materials could be
picked up by the purchaser. This implies that new
activities (e.g., biomass aggregation, drying, storage, and
transportation) and actors will be needed to supply the
residual woody biomass for the proposed feedstock
bioenergy production system.

Model Results

The probit model was estimated to explore the factors that
influence small-scale acacia plantation owners’ interest in
participating in a hypothetical biomass feedstock supply
program. The model results are presented in Table 3. The
log-likelihood test for the null hypotheses that all of the
coefficients in the model are simultaneously equal to zero
indicated that the joint significance of the explanatory
variables was highly significant (p < 0.0001). In addition, by
running the LPM and logit model, qualitatively similar
results were found (Appendix Table 1). Thus, our results are
robust and consistent.

Of the demographic variables, age (20–35 years; p <
0.05), household size (>7 members; p < 0.05), and gender
(female; p < 0.10) positively and significantly affected
households’ interests in participating in the biomass feed-
stock supply program. Acreage size (>1.59 ha; p < 0.05) and
income (>42 ETB; p < 0.10) also had a significant positive
effect on households’ interest in the program, as did owning
an improved biomass stove (p < 0.05). Plantation owners
who perceived that using biomass residues for other pur-
poses would not reduce firewood availability were more

likely to be interested in participating in the biomass supply
program (p < 0.05).

Discussion

The relatively high level of interest expressed by small-
scale acacia growers to participate in the hypothetical
woody biomass residue supply scheme seems to suggest
that a latent bioenergy feedstock market “potential” exists in
the region. Furthermore, the study showed that respondents
had a fairly low knowledge base about any improved
bioenergy products that can be produced from acacia woody
biomass residues. If a formal market for such resources is to
be created, there appears to be a need to address awareness
issues among acacia growers through outreach programs
not only to enable them to allocate their biomass resources

Table 3 Probit model parameter estimates

Variable Coefficient Marginal effect

Age of HH (36–64 years, base)

20–35 years 1.199 (0.570)** 0.207 (0.097)**

>64 years –0.184 (0.351) –0.032 (0.061)

HH is female 0.537 (0.292)* 0.093 (0.049)*

Household size (2–5 members, base)

6–7 members 0.340 (0.300) 0.059 (0.051)

>7 members 0.855 (0.348)** 0.148 (0.058)**

Education level of HH 0.072 (0.049) 0.012 (0.008)

Operating land size (<1.10 ha, base)

1.10–1.59 ha 0.052 (0.291) 0.009 (0.050)

>1.59 ha 0.872 (0.383)** 0.151 (0.065)**

Total household cash income ('000 ETB) (<24 ETB, base)

24–42 –0.074 (0.279) –0.013 (0.048)

>42 0.665 (0.364)* 0.115 (0.062)*

Household had 3–8 years of
acacia farming experience

–0.097 (0.268) –0.017 (0.046)

Household had an improved
biomass stove

0.816 (0.347)** 0.141 (0.059)**

Number of eucalyptus trees 0.060 (0.064) 0.010 (0.011)

Farmer did not perceive
reduced firewood access

0.529 (0.245)** 0.092 (0.041)**

Constant –0.888 (0.458)*

Log likelihood –73.7094

Likelihood ratio chi-
square (14)

62.29

Pseudo R2 0.297

p <0.0001

Observations 240

Numbers in parentheses are standard errors

HH household head

*p < 0.10; **p < 0.05
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for the best possible uses (i.e., the supply side) but also to
make them part of any future demand for such new alter-
native bioenergy sources (Gowan et al. 2018). In addition,
because most respondents were not interested in carrying
out activities such as aggregation, baling, drying, and
transportation of woody biomass residues, there could also
be a need to support either the introduction of additional
biomass supply chain actors that could undertake these
activities, or the price of biomass has to be set as compe-
titive as possible to incentivize growers to conduct these
activities.

Being led by a younger household head (20–35 years
old) had a significantly positive effect on the respondent’s
interest in participating in a hypothetical biomass feedstock
market. This result is consistent with our initial hypothesis
as well with results from previous studies (Curman et al.
2016; Hand et al. 2019; Joshi and Mehmood 2011; Proctor
and Lucchesi 2012; Qu et al. 2016; Van Dael et al. 2017),
who found that younger household heads are more open to
trying (and reaping) the benefits of new ventures (e.g.,
technologies or emerging markets) or have more positive
affective and cognitive evaluations of new bioenergy
sources. In addition, because this group derives fewer
benefits from the current plantation system than older
farmers (Nigussie et al. 2020; Nigussie et al. 2021), the
results may also imply that younger farmers have higher
expectations of spillover benefits (e.g., employment
opportunities) from any additional demand for services in
the biomass supply chain. A plausible explanation that can
be advanced for this view is that younger farmers, who are
healthier, have a higher ability, and thus they are more
likely to foresee and show interest, to partake in any off-
farm wage employment options of the proposed bioenergy
program than older farmers (Proctor and Lucchesi 2012).

Small-scale farmers’ ability to participate in tree planting
depends on the size of land a household owns (Amare et al.
2019; Nigussie et al. 2017). Operating acreage size was
used here as a proxy for the household’s ability to allocate
more land to acacia plantations. Households that had a
relatively larger land holding were more likely to allot more
land to the cultivation of acacia (Nigussie et al. 2017),
which may enable them to produce enough firewood to
satisfy their domestic needs as well as sell surplus biomass
in a hypothetical market. Holding all else constant, this
would probably mean that these households have a greater
incentive to participate in a biomass feedstock market as
compared to those who are poorly endowed, simply because
they have more resources to take advantage of economies of
size in terms of producing biomass and selling it into the
market (Curman et al. 2016; Hand et al. 2019; Qu et al.
2016; Stjepan et al. 2015). Conversely, according to key
informants, the availability of such a market may also serve
as an incentive for smaller land owners (e.g., land-poor

farmers and women) to engage in collecting woody biomass
from nearby open access forests (e.g., communal and nat-
ural forests), as has been the case for generations, instead of
relying only on biomass from privately owned woodlots.

The share of female acacia growers in our sample was
small, but the findings indicated that female-headed
households were more likely to have an interest in partici-
pating in a biomass feedstock market as compared to their
male counterparts. According to key informants, this find-
ing could be partially related to the fact that, in the current
acacia plantation system, after a woodlot is harvested,
charcoal is considered to be part of a male’s domain,
whereas women typically enjoy the use and access to
woody biomass residues for firewood or other purposes.
This could give women the authority to manage, use, or
dispose of these residues, which may in turn potentially
stimulate them to consider supplying the woody residues to
a biomass feedstock market. Another possible explanation
is that they may consider themselves as benefiting the most
from access to any additional bioenergy products produced
from such a scheme.

As expected, economic characteristics, such as income,
had a significant positive effect on impacting growers’
interest in participating in a hypothetical feedstock supply
market. This finding suggests that acacia growers belonging
to a higher-earning category, holding all else constant,
generally were more likely to favor such biomass supply
initiatives. It is very likely that wealthier farmers, either
through their larger land holdings or their greater capacity to
buy acacia stands from resource-poor farmers, could com-
mit more acreage to cultivation of acacia plantations
(Nigussie et al. 2017; Nigussie et al. 2020). This, in turn,
would allow them to produce enough woody biomass
residues for self-consumption as well as having the
resources to collect and prepare biomass for selling to the
hypothetical biomass program.

Firewood is the main source of primary energy in rural
Ethiopia (Berhanu et al. 2017; Duguma et al. 2014; Guta
2012; Villamor et al. 2020), and the lack of improved
technologies represents one of the challenges in efficient
biomass resource use (Duguma et al. 2014). An increase in
the share of rural households that have more efficient bio-
mass stoves would contribute to increased energy effi-
ciency, and consequently more biomass is available for
other purposes (Gebreegziabher et al. 2017; Villamor et al.
2020). Consistent with a priori expectations, the positive
coefficient on possession of an improved biomass stove
indicated that ownership of this type of energy-efficient
technology has positive implications on acacia growers’
interest in participating in the hypothetical biomass feed-
stock market. Using improved biomass stove technologies
allows rural households to reduce the quantity of self-
consumed woody biomass residues by 20–56% (Duguma
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et al. 2014). This may in turn stimulate their interest in
supplying biomass residues that would otherwise be used
for self-consumption or left behind to the feedstock pro-
gram. Moreover, owning and using improved biomass
energy-based equipment was found to raise the awareness
for opportunities in this market segment in the United
Kingdom (Convery et al. 2012). Perceived risk is also an
important aspect of any potential emerging biomass supply
market, and as expected, the acacia growers who perceived
they were less vulnerable to a potential firewood shortage
were more likely to express interest in participating in the
program. However, this perception of firewood availability
could be related to a perception of improved energy effi-
ciency resulting from improved stove ownership and war-
rants further study.

Conclusion

Our findings not only have implications for policy but also
for measures and actions taken by private actors along
bioenergy value chains to support the primary supply of
acacia woody biomass residues. Younger and wealthier
farmers are more likely to be interested in participating in a
hypothetical biomass feedstock market, which implies that
these socio-economic groups have the resources (e.g., labor,
land) to engage in collecting the biomass—which is a kind
of “add-on” activity, creating additional income. This
implies that the less endowed farmers could also be inte-
grated into the local supply chain by supporting them in
gathering, drying, and baling. The same holds for female-
led households, for whom those bioenergy-related value
chain activities could be a welcome source of additional
income, but they should be supported in case they face
resource constraints. Support could include the provision of
information and financing of biomass collection activities
(such as wage support or credits to pay labor), but also
assistance with logistics, given the fact that respondents
preferred to have their biomass bought and sold at the farm
gate. Policies that strengthen intermediaries along the chain
(e.g., traders) would also support the aggregation and
transportation of biomass to the market, as well as maintain
linkages along the chain (Helliwell et al. 2020).

Biomass feedstock logistics systems to support the primary
producers could also provide employment and income
opportunities in rural areas if supported by appropriate policies
and financial institutions, particularly to those who currently
derive less benefit from the plantation system, such as women
and younger and poorer farmers (Nigussie et al. 2020). The
facts, that households owning an improved stove tended to be
more interested in supplying biomass to the feedstock value
chain, as well as households who seem to have good access to
firewood and thus energy, indicate that the more efficient the

rural energy system is, the more biomass would be available to
process instead of being burned in less efficient, but cheaper
stove or fireplace systems. This implies that policies should
support efficient household energy systems in rural areas,
which would create a positive, virtuous circle of increasing and
growing rural energy supply.

The potential supply of biomass being dependent on
resource endowment, like land and labor, and the fact that
the respective farm and household characteristics are quite
diverse, it may also be critical to look at community or
collective schemes to enable the less favored groups to
participate in the value chain.
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