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Environment-friendly energy practices are essential for a sustainable and quality
environment in most developing countries, like Ethiopia. To achieve this, results-
based financing (RBF) was implemented to distribute improved cookstove with a
demand and supply side management system. However, the success of RBF is not
evaluated regarding households’ preferences and adoption of the stove. This study
was conducted to evaluate households’ preference and adoption of improved
Tikikil stove in the RBF implementation areas. Data were collected from
191 households using a household survey and 10 focus group discussions. The
data were analyzed using descriptive statistics and a binary logit regression model
using STATA 16 software. The result revealed that the cost of stove, stove holding,
construction material, cooking time reduction, and smoke reduction were the top
five attributes ranked by user households. The dissatisfied households have
complained about durability, wood inlet size, stove cost, and suitability of pot
size. Results also indicated that the success of RBF program showed moderately
effective. The regression result revealed that education, family size, landholding
size, livestock holding, fuel expenditure, awareness, and separate kitchen were
significantly and positively associated while distance to nearest town is
significantly and negatively related to the adoption of Tikikil stove. The findings
suggest that households need Tikikil stove options to reduce the negative effect of
traditional stoves but currently available stoves lack to address the preferences of
the households. In addition, different socio-economic characteristics of
households and stove attributes are important factors that need to consider
for the wider adoption of ICS to meet the current demand of carbon credit by
reducing emissions from traditional stove.
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1 Introduction

Globally, over 3 billion people rely on biomass fuels for cooking with inefficient stoves
(Tamire et al., 2018; CCA, 2021). Between 80% and 90% of households in sub-Saharan
African (SSA) countries still depend on biomass as their primary source of energy for
cooking. Similarly, biomass is the main energy source contributing above 87% of the total
energy supply in Ethiopia (Mekonnen, 2022). Nearly, 99% of rural and 80% of urban
households are highly dependent on biomass energy sources (Mondal et al., 2018).
Consequently, puts huge pressure on natural resources such as deforestation and forest
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degradation (Dresen et al., 2014). Furthermore, high dependency on
traditional cookstoves can be particularly harmful to human health
and have higher emissions that create hazardous indoor pollution.
According to (WHO, 2018), cooking with an inefficient stove is
primarily done by women, and so women and children bear the
health burden associated with burning solid fuels as well as the
hazards of collecting fuels.

In developing countries like Ethiopia, the advancement of
renewable energy such as cookstoves are vital to overcoming the
problems of biomass energy dependency with inefficient stoves. The
global community has attempted to induce a transition from
traditional biomass-burning cookstoves to cleaner and more
efficient alternatives (WEO, 2021). Replacing those types of
traditional stoves with fuel-efficient and lower-emitting improved
stoves can help to mitigate problems related to traditional
cookstoves (Anenberg et al., 2013). To address this challenge,
numerous efforts have been undertaken by governmental and
non-governmental bodies since the 1970s (Mekonnen, 2022).
Thus, there have been considerable efforts aimed at improving
the performance of cookstoves. The development of improved
cookstoves (ICS) such as the ‘Mirt, Gonzie’, ‘Lakech, Merchayie,
Tikikil, and Institutional Rocket Stove are some of the outcomes of
these efforts in the country (Orange, 2011). However, efforts to
enhance the uptake of clean cooking solutions have not yet
succeeded at scale. The transition from traditional stove to ICS is
embedded in complex and challenging parameters, including end-
user needs and perceptions (Vigolo et al., 2018; Aemro et al., 2021).
Understanding a set of factors related to households’ preferences
and other socio-economic factors is key to enhancing the transition
to clean cooking technology.

In recent times, a new approach to renewable energy was launched
which is known as Results -Based Financing (RBF). The RBF is a
paymentmechanism that releases funding to the co-ordinating partners
based upon results rather than the traditional payment structures,
where payments are released as costs are incurred and the work is
completed (DFID, 2015; Spalding-Fecher et al., 2015; GIZ, 2018). The
RBF schemes, such as the Energising Development Programme
(EnDev) or the World Bank’s Clean Cooking Fund (CCF), have
become a key instrument in the clean cooking market (Stritzke
et al., 2021). Most of the RBF programs in the clean cooking sector
have focussed on ICS. The RBF programs in the ICS program have got
donor interest from time to time but there is a limitation for
documented research evidence (GIZ, 2017; Stritzke et al., 2021). As
a result, there have been very few studies exploring the suitability of RBF
for clean cooking, and we are not aware of any integrated clean cooking
and users’ preferences of RBF programs as well as the adoption of ICS.
Despite gaining increased attention, critical questions remain on the
suitability of the instrument for a promisingmarket, such as themodern
energy cooking sector that lacks, to some extent, proven business and
technology models and faces multiple challenges.

The RBFwill support rural-based energy to buy stoves from existing
urban production centers and sell these stoves to rural households; with
the incentives paid to the cooperatives against the sold and verified
stoves, following independent verification (GIZ, 2013). This RBF
scheme allows cooperatives to engage in business by retailing ICS to
rural households. Incomes are expected to be reinvested for purchasing
new ICS, promotion, and the consolidation of a long-term independent
supply chain that can persist when the RBF incentives conclude. In

Ethiopia, there was a National Programme for Improved Household
Biomass Cook Stoves Development and Promotion for the deployment
of more than 11 million ICS from 2016 to 2020 (FDRE, 2014). This
deployment is expected to lead to a range of benefits including a
reduction in emissions of up to 14 Mt of CO2e over 3 years, a reduction
of 1,000 to 2,000 deaths per year from indoor air pollution, and the
creation of more than 5,000 private sector jobs.

However, evaluation of the RBF approach on the demand side
regarding end-users perspectives and adoption is limited (Stritzke et al.,
2021). The literature revealed that the status of research reflects the
novelty of RBF approaches for clean cookstoves (CCS) in the energy
sector is scant with a few exceptions (Lambe et al., 2015; Stritzke et al.,
2021). Whereas, RBF programs and outcomes have been documented
to some extent in technical and programme reports by the funders or
implementers of RBF practices in the ICS. End-users awareness and
acceptance are crucial for the success of RBF, especially in the clean
cooking sector (Jürisoo et al., 2019; Jewitt et al., 2020; Stritzke et al.,
2021). The adoption of new CCS requires behavioral changes to achieve
the desired socio-economic or environmental impacts, for example,
concerning fuel stacking, which is a well-known problem in urban and
rural developmental contexts (Ochieng et al., 2020; Yadav et al., 2021).
End-user contact, the collection of end-user feedback and usage
tracking have been described as key components of ICS distributors
in the context of RBF (Stritzke et al., 2021).

However, most of ICS studies conducted in Ethiopia focused on
kitchen performance test and biomass related issues than end-users’
preference and adoption (for example, Gizachew and Tolera, 2018;
Mamuye et al., 2018; Kedir et al., 2019; Mekonnen, 2022). Yet, many
of ICS policies and programs have also been criticized due to their
main focus on supply side of engineering works without
understanding of local demand and preferences in terms of
socio-economic characteristics and stove attributes (Ang’u et al.,
2023; Talevi et al., 2022). Thus, users’ preferences and values are
reflected through behavior which is better for understanding of user
behavior could inform stove designers, policymakers and project
implementers about the best approaches for ICS technology design
and wider dissemination (Ahmad et al., 2022).

Therefore, understanding the stove attributes that households
require and prefer to ensure the adoption and consistent use of ICS is
important. The reason is that the stove would be able to meet every
desired feature for every user, it is still very important for stove
designers, developers, and policymakers to understand the users’
preferences and the tradeoff they face in considering adopting a new
stove. Thus, this study was conducted in Southeastern Ethiopia to:
1) assess households’ preference for different attributes of Tikikil
stove, 2) investigate factors influencing RBF-based Tikikil stove
adoption, 3) understand households’ perception of the RBF
intervention and 4) examine the success and challenges of RBF
program.

2 Concepts and framework of the
results-based financing approach

The applications of RBF emerged in the healthcare sector in the
early 2000s (Grittner, 2013; Stritzke et al., 2021). It has been used for
decades by public and private sector donors in various forms such as
performance-based procurement, financing, or performance-based
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subsidies. Outcome-based finance includes a set of policy
instruments in which incentives, rewards, or subsidies are
associated with the validated delivery of predefined outcomes
(EAP, 2012; GIZ, 2013). The RBF approach is used as a modality
to motivate service providers using pre-agreed performance-related
incentives (Spalding-Fecher et al., 2015). This approach is about
changing the funding method from ‘input’ to ‘output’ and it is
generally assumed that implementing this approach will require
changes to the institutional framework (GIZ, 2013; Spalding-Fecher
et al., 2015). One of the basic assumptions is that a division of
responsibility is necessary to ensure checks and balances. Roles are
typically distributed between funding agents, fund management
agents, service providers, and independent verification agents.

The main aim of RBF in Ethiopia’s “Cooking Stoves” Project is
to scale up the commercialization of ICS technologies through
piloting a results-based financing approach (Ministry of Water
and Energy, 2013). The program will overcome the gap between
urban-based production of ICS and demand in rural areas. The
wide-scale commercialization of ICS technologies under RBF is
expected to deliver: 1) reduced deforestation and forest
degradation, 2) reduced time spent in gathering firewood, 3)
improved energy efficiency in domestic cooking, 4) reduced
cooking times, 5) reduced the number of women and children
who contract respiratory and eye problems due to prolonged
exposure to poor indoor air quality, 6) employment generation
and income diversification for the rural population from ICS
production and marketing; and 7) reduced GHG emission.

Transaction of ICS in rural areas, under normal
circumstances, drives up stove prices due to transportation
and transaction costs, making them unaffordable for the
majority of rural households. Most households in rural areas
have very limited disposable income, so the price of a stove, even
if it looks cheap, is a major factor in the purchasing decision. In

addition, a lack of nearby outlets for high-efficiency stoves is a
major barrier to purchasing stoves in rural areas. These facts
make clear the need for financial incentives on either the supply
side or the consumer side. The basic idea of RBF is to help rural
energy and agricultural cooperatives purchase stoves from
existing urban production centers and sell these stoves to rural
households (Figure 1). The RBF incentives would be paid to the
cooperatives against the sold and verified stoves (Figure 1). The
RBF scheme allows cooperatives to engage in business by
retailing ICS to rural households (GIZ, 2013).

The RBF has three basic models which focus on providers and
have demand-side components including performance-based
contracts, performance-based financing, and outcomes and
results-based budgeting (Pearson, 2011; Gorter et al., 2013;
Rodriguez et al., 2014). Whereas the demand side with a supply-
side component focuses on providers and consumers and uses
vouchers as a form of financing, finally the demand without a
supply side component is primarily a consumer-focused side.

3 Methodology

3.1 Study area

The study was conducted in the Gedeb Asassa district, West Arsi
zone of the Oromia Regional State, Ethiopia (Figure 2). It is located
285 km far apart from Addis Ababa; the capital city of Ethiopia (West
Arsi zone, 2019). The district contains 30 kebeles with about 1,135 km2

total area coverage. The elevation of the district ranges from 2,200 to
4,180 m above sea level and the topography is characterized by
mountains, hills, and plains (Bariso and Worku, 2018; Negash et al.,
2018). The rainfall pattern is bimodal which ranges from 600 to
700 mm, and the mean annual temperature is between 10°C and 27°C.

FIGURE 1
The framework of the RBF scheme.
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Topographically, the district’s 76.9% of the land is cultivable, 17.3%
pasture, 0.4% forest, and the remaining 5.4% are considered swampy,
mountainous, or otherwise unusable (Negash et al., 2018). The district
has forest resource potential but the natural forest coverage is decreasing
from time to time at an alarming rate due to encroachment (West Arsi
zone, 2019). The major sources of energy for households in the study
area are dry biomass such as firewood, dung, and crop residues. By
understanding these problems the local government and its
development partners (i.e., GIZ EnDev) introduced energy-efficient
ICS into the area during the last few years through the RBF program
(GIZ, 2013;West Arsi zone, 2019). However, this study considered only
Tikikil stove in one district (Gedeb Asassa district) of Oromia Regional
State, Ethiopia (Figure 2).

According to (CSA, 2013), the estimated total population in the
district is about 226, 743, out of these 111,853 are males and the
remaining are females. About 28,949 of the population are urban
dwellers and 197,794 of them reside in rural areas of the district.
People in the district make their livelihood from a subsistence mixed
farming system. The diversified agroecology of the area enables the
production of different crops such as cereals, pulses, oil crops,
vegetables; and cash crops.

3.2 Sampling technique

To select sample households, a multi-stage sampling
technique was used. First, the district of Gedeb Asassa was

deliberately selected because it is a potential district to
promoted and disseminated Tikikil stove by RBF program in
the West Arsi zone of Oromia Regional State. In the second stage,
out of 30 kebeles in the district, only five potential kebeles were
purposively selected based on high Tikikil disseminated through
the RBF program. Third, Tikikil stove adopter and non-adopter
household lists were collected from district Water and Energy
office in selected sample kebeles. Fourthly, households were
classified into Tikikil stove user and non-user households
using a stratified random sampling technique. Finally, sample
households were selected from both RBF adopter and non-
adopter households using a simple random sampling method
with a random number method. The number of sample
households considered in the survey was determined using the
formula suggested by Yamane (1967) at a 7% confidence level.

n � N

1 + N e( )2 �
2889

1 + 2889 0.07( )2) � 191 (1)

Where: N = total number of households in the five kebeles, n =
required sample size, e = level of precision 7% (0.07).

3.3 Data collection

The data for this study were collected from primary and
secondary sources. The collected data were considered both
quantitative and qualitative data types. The main sampling units

FIGURE 2
Map of the study area.
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of the survey are Tikikil stove adopter and non-adopter households.
During primary data collection, household survey and focus group
discussions (FGD) were employed. A semi-structured questionnaire
was employed to collect data from households through face-to-face
interviews and a checklist was used for FGD. Before the final data
collection, the questionnaire was pre-tested on 20 households. After
the pre-testing, the final questionnaire was designed and collected by
including the information obtained from the preliminary survey.

The household survey involved 191 randomly selected
households, of which 109 were Tikikil stove adopters from the
RBF program and 82 were non-adopters. The classification of
households as adopters and non-adopters refers to the
involvement of households in using from RBF distribution of
Tikikil stove. In addition, two FGDs were conducted per kebele
with 8 members per each FGD group, and a total of 10 FGDs were
conducted from five sample kebeles. The choice of explanatory
variables was determined based on the literature reviewed on the
factors that affect households’ decisions to adopt Tikikil stove
disseminated by RBF program. Accordingly, the hypothized
variables were considered as explanatory variables affecting
decisions made by households to adopt Tikikil stove (Table 1).
The selection of those variables was based on their relation to
households’ adoption of different ICS.

3.4 Data analysis

Data were analyzed using descriptive statistics and a binary logit
model. Descriptive statistics such as mean, standard deviations,
frequency, percentages, and the results were presented through
graphs and tables. The data obtained from focus group discussions

were analyzed qualitatively. In addition to this, the statistical
significance and the association of the dummy and continuous
variables with the dependent variable were tested using chi-square
and independent sample t-test, respectively. The quantitative data were
analyzed by using STATA software version 16.

Before data analysis, data management and diagnostic tests such as
multicollinearity, model fit, etc., were performed to verify whether the
model is correctly specified and validated. The multicollinearity test
result indicated that two explanatory variables were excluded from the
final binary logit regression model result due to multicollinearity
problem. Hence, out of 15 explanatory variables, only 13 variables
were considered in the final results of the specified model.

A binary logistic regression model was used to identify
determinants of the adoption of Tikikil stove in the study area.
Adoption of Tikikil stove (stove adopter = 1, non-adopter = 0) was
used as a dependent variable. The mathematical model is
expressed as:

Yi � ezi

1 + ezi
(2)

1-Yi stands for the probability that the household adopts ICS
and can be written as:

1 − Yi � 1
1 + ezi

(3)

Then dividing Eq. (2) by Eq. 3 and simplified form gives:

Yi

1 − Yi
� 1 + ezi

1 + e−zi
� ezi (4)

Eq. 4 indicated simply the odds ratio. It was the ratio of the
probability that the households adopt ICS (Yi) to the probability that
households that are not adopted ICS (1-Yi).

TABLE 1 Summary of explanatory variables used in the binary logit model.

Dependent variable Category Description of the variable

Adoption of ICS Dummy Households ICS adoption takes a value of 1, otherwise 0

Explanatory Variables Category Description Hypothesis

Sex Dummy Sex of household head, 1 = male, 0 = female +

Age Continuous Age of household head (Years) −

Education status Dummy Education status of household head 1 = literate, 0 = illiterate +

Family size Continuous The number of household members -

Landholding Continuous Household-owned agricultural land size in ha −

Livestock holding (TLU) Continuous Total livestock unit in tropical livestock unit (TLU) −

Annual income Continuous Total annual household income in ETB +

Expenditure Continuous Total annual household expenditure in ETB -

Separate kitchen Dummy 1 = if the separate kitchen is owned and 0 = otherwise +

Distance to nearby forest Continuous Distance from homestead to forest in km −

Distance to a nearby town Continuous Distance from homestead to nearby town in km +

Awareness about ICS Dummy 1 = if having awareness about ICS and 0 = otherwise +

Access to ICS Dummy 1 = if having access to ICS and 0 = otherwise +
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The binary logistic regression model is obtained by taking the
logarithm of Eq. 4 as presented here:

Ln
Yi

1 − Yi
( ) � Ln(eβ0 +∑n

i�1βiXn � Ln ezi( ) (5)

Where Ln is the logarithm of the odds ratio, which is linear in
both X and the parameter. As a result, when the stochastic
disturbance term µi is included:

Yi � β0 + ƩβiXi + µi (6)

4 Results and discussion

4.1 Characteristics of households

Themajority (70.6%) of the total adopters in the sample were found
to be females (Table 2). The result indicates that female-headed
households are more likely to adopt than male-headed households.
This finding is supported by the findings of (Mamuye et al., 2018) who
found that female-headed households were more likely to associate ICS
adoption thanmale-headed households. The education level shows that
59.6% of adopter households are educated and the vast majority
(93.6%) of adopter households have awareness about ICS while
80.5% of non-adopters have no awareness about ICS (Table 2). The
chi-square test shows that there is a significant difference between
adopters and non-adopters in terms of awareness about ICS. The vast
majority (79.8%) of adopters have a separate kitchen and there is
statistically significant variation between adopters and non-adopters.

The average age of the total sample households is 37.47 and
39.15 years for adopters and non-adopters, respectively (Table 3).
The average family size of adopters is 6.5 person and non-adopters is
6 person. The average land size for adopter households is 1.78 ha
while for non-adopters is about 2.53 ha and shows a statistically
significant difference. The average livestock holding in TLU is
2.87 and 1.74 for the adopter and non-adopter households,
respectively with a significant differences. On the other hand, the
amount of annual income is higher for non-adopter households
than for adopters and indicates a statistically significant difference.
Distance to forests and distance to nearby town shows the lower
average value for adopters, and distance to town shows statistically
significant variation. The average fuel expense is 42.78 and
83.18 ETB for the adopter and non-adopter households,
respectively with a statically significant difference.

4.2 Fuel type and sources of fuelwood

The household survey result revealed that the majority (72%) of
households used fuelwood as a major fuel type (Figure 3). In
addition, 22% of households use dung cake and only 6% of
households use crop residues. The results of this study are in
line with the findings (Legesse et al., 2015) demonstrated that
fuelwood is the main source of household energy.

Regarding fuelwood sources, the result shows that 56% of
households obtained their fuelwood from their plantation forest,
34% from nearby market destinations, and only 10% of householdsTA
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collected from nearby natural forest (Figure 4). The FGD
participants also stated that fuelwood is the main source of fuel
and is obtained primarily from plantation forest.

4.3 Households’ level of preference and
satisfaction

4.3.1 Households’ level of preference for Tikikil
stove

Results from the household survey and FGD revealed that there is a
different level of households’ preference for Tikikil stove attributes
which are presented with a five-point (1 = very important,
2 = important, 3 = moderately important, 4 = least important, 5 =
not important)1 Likert scale (Table 4). The household survey result
indicated that most of the respondents stated their preferences from
very important to moderately important for most stove attributes
(Table 4). For instance, 36% of households rated it moderately
important and 32% of them rated it important for its durability

attribute. During FGD, households indicated that durability is an

important preferred attribute for adopting the ICS. This finding is

supported byliterature (Gill-wiehl et al., 2021) reviewed 40 papers and

found that durability was one of themost important aspects of the stove

to encourage adoption. The cooking time reduction attribute is another

component of the stove that 42.3% of households stated is very

important, and 36% of households stated that the fuelwood

reduction attribute is very important (Table 4). Similarly, 34.6% and

30.8% of households’ ranked smoke reduction attributes as very

important and important, respectively (Table 4).
The household survey result also revealed that 30.5% and 27.8% of

households ranked it very important and moderately important,
respectively for the portability attribute. The stability of the stove
base is rated very important (35.3%) and moderately important
(31.4%). The result shows that 38% of households rated very
important for fuelwood inlet size and 36.4% of user households
rated it very important for the wood supporter attribute (Table 4).
Nearly half (45.5%) of households stated that the stove-holding
attribute was very important. 39% of user households revealed that
stove size is another very important Tikikil stove attribute and 45% of
households also stated that construction material is very important.
The majority (64%) of user households indicated that the cost of
Tikikil stove is ranked very important (Table 4).

FIGURE 3
Types of fuels used.

FIGURE 4
Major fuelwood sources.

TABLE 3 Characteristics of households with continuous variables.

Variables Adopter Non-adopter t-test value

Mean SD Mean SD

Age 37.47 8.65 39.15 10.60 1.20

Family size 6.50 2.64 6.0 2.76 −1.35

Land size 1.78 1.54 2.53 3.20 2.13***

Livestock (TLU) 2.87 2.68 1.74 2.64 −2.90***

Annual Income 15,701.56 7,492.11 18,234.76 46,968.75 2.23***

Distance to a nearby forest 28.06 18.01 19.65 21.44 0.44

Distance to a nearby town 28.48 35.56 56.89 63.11 3.12***

Fuel expense per month 42.78 40.64 83.18 81.68 4.66***

1 Note: 1= very important, 2=important, 3= moderately important, 4= least
important, 5= not important.
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The FGD result revealed that the adoption of Tikikil stove
needs to consider different stove attributes. This indicated that
end-users preference is very important to manage the demand-
side component of ICS promoted and disseminated by the RBF
programe. The FGD participants stated that the success and
failure of Tikikil stove are measured in terms of end-users
preference. Previous studies show that households need a
stove that meets their large cooking demands (Gill-wiehl et al.,
2021). This finding demonstrated that to meet these
requirements, it is important to promoters and distributers
that private and public stove programs bundle stove models to
meet all the households’ needs to ensure both adoption and
consistent use. For example, durability, portability, pot size,
stove handling, stove design and features are important
indicators that accelerate the acceptance, and adoption of ICS
(Sedighi and Salarian, 2017). End-user contact, the collection of
end-user feedback, and usage tracking have been described as key
components of ICS distributors in the context of RBF (Stritzke
et al., 2021).

4.3.2 Satisfaction level of households on Tikikil
stove

A five-point (Note: 1 = Not satisfied, 2 = Least satisfied,
3 = Moderately satisfied, 4 = Satisfied, 5 = Very satisfied)2. Likert
scale measure was used to measure the level of satisfaction of
sample households for some selected attributes of the Tikikil
stove (Table 5). The household survey results showed that 30% of
households rated the durability of the stove as moderately
satisfied (Table 5). 35.6% of respondents also rate cooking

time reduction as moderately satisfied, and 34.6% of them
rated very satisfied. For the fuelwood reduction attribute,
33.3% of them were very satisfied. Similarly, for smoke
reduction of Tikikil stove, 32.2% and 31.8% of households are
moderately satisfied and very satisfied, respectively.

The portability attribute was rated as very satisfied by 30.4%
whereas the stability of the stove attribute was not satisfied by
31.9% of the respondents. On the other hand, fuelwood inlet size
is rated as less satisfied by 31% of the sample households. The
wood supporter is also rated as very satisfied (28.6%) followed by
satisfied and moderately satisfied, and stove holding was rated as
very satisfied by 34.8%. On the contrary, the stove size attribute
was rated as least satisfied by 27.6% of sample households,
respectively. Construction material was also rated moderately
satisfied (35%) and very satisfied (30%), respectively. The
majority (62%) of respondents stated that the cost of the stove
is rated as least satisfied (Table 5).

The FGD participants indicated that the RBF approach of ICS
promotion and distribution is more important to sustain the
demand and supply of the stove than other approaches. The RBF
mechanism most importantly provides more access to ICS to users
at their residence area without traveling long distances. This is
supported by previous findings that indicated the success of ICS
project significantly relied on the potential of the stoves to satisfy
local users’ preferences (Kapfudzaruwa et al., 2017).

On the other hand, the result of the household survey and FGD
revealed that user households have complained about different
attributes of the Tikikil stove to modify and further improve for
better acceptance and adoption. The household survey indicated
that 39.2% of the dissatisfied households complained that the Tikikil
stove is not suitable for large pots (Figure 5). Others also complained
such as the stove is not suitable for all fuel types, the base is too small
and not stable, the small inlet size to use wood, the cost of the stove,
and the durability of the stove (Figure 5). Focus group discussants

TABLE 5 The level of satisfaction with Tikikil stove attributes.

Attributes of Tikikil stove Level of satisfaction (%)2

1 2 3 4 5

Durability 0 22 30 28 20

Cooking time reduction 7.7 7.7 35.6 14.4 34.6

Fuelwood reduction 4.2 16.7 25 20.8 33.3

Smoke reduction 4 20 32.2 12 31.8

Portability 17.4 21.7 26.2 4.3 30.4

Stability 31.9 22.7 27.3 4.5 13.6

Fuelwood inlet Size 28.6 31 26.1 14.3 0

Wood supporter 4.8 19 23.8 23.8 28.6

Stove holding 4.3 17.4 32.7 10.8 34.8

Stove size 27.0 27.6 22.7 9.1 13.6

Construction material 5 10 35 20 30

Cost of stove 8 62 12 10 8

TABLE 4 The level of Tikikil stove attributes importance.

Attributes of Tikikil stove Level of preferences (%)1

1 2 3 4 5

Durability 28 32 36 4 0

Cooking time reduction 42.3 30.8 23.1 0 3.8

Fuelwood reduction 36 24 33 7 0

Smoke reduction 34.6 30.8 26.9 7.7 0

Portability 30.5 12.5 27.8 16.7 12.5

Stability 35.3 9.5 31.4 9.5 14.3

Fuelwood inlet size 38 23.4 25 13.6 0

Wood supporter 36.4 27.3 13.6 22.7 0

Stove holding 45.5 18.2 31.8 4.5 0

Stove size 39 21.7 11.4 19.2 8.7

Construction material 45 25 25 5 0

Cost of stove 64 4 16 8 8

2 Note: 1= Not satisfied, 2= Least satisfied, 3= Moderately satisfied, 4=
Satisfied, 5= Very satisfied.
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stated that the Tikikil stove is not suitable for large pots and all fuel
types as well as it has a small inlet for wood.

4.4 Effectiveness and success of results-
based financing intervention

The household survey and FGD results revealed that the
effectiveness of RBF intervention on the Tikikil stove was rated at
different levels. The household survey result indicated that 49% of
respondents stated that RBF intervention was moderately effective.
However, some proportion of respondents points out that the RBF
intervention was effective, very effective, and least effective (Figure 6).

The result suggests that the majority of respondents indicated that RBF
interventionwasmoderately effective. The FGD result indicated that the
effectiveness of RBF implementation is not as expected. This finding is
very important because the collection of end-user feedback and usage
tracking has been described as key components of ICS distributors in
the context of RBF (Stritzke et al., 2021).

The unsatisfied households stated different causes of RBF
intervention failure for the Tikikil stove (Figure 7). The finding
revealed that capacity-building related problem is one of the major
problems that accounts followed by inappropriate household
selection in different implementation stages of the project, stove
dissemination problem, and awareness problems for Tikikil stove
failure (Figure 7). In addition, the FGD result revealed that the

FIGURE 5
Household complains about Tikikil stove.

FIGURE 6
Effectiveness of RBF intervention on Tikikil stove.
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success of ICS promotion and distribution is hindered by different
factors such as weak capacity-building, user household selection
problems, awareness, and weak community mobilization. The
finding of the result was supported by related studies

(Kapfudzaruwa et al., 2017) demonstrated that there is a good
level of awareness regarding the implementation of ICS
technologies enhances the uptake of the technology by the
community and increases the success of the project.

FIGURE 7
Reasons of RBF is not successful on Tikikil stove.

TABLE 6 Influence of various explanatory variables on the adoption of Tikikil stove within the RBF program.

Variables Coef Odds ratio Std. Err z P > z

Sex −0.047 0.954 0.496 −0.09 0.927

Age −0.013 0.988 0.025 −0.50 0.618

Education level 0.110** 1.116 0.060 2.05 0.040

Family size 0.173** 1.189 0.098 2.10 0.036

Landholding size 0.324** 0.723 0.096 2.44 0.015

Livestock holding (TLU) 0.296*** 1.345 0.140 2.84 0.005

Total annual income 0.000 1.000 0.000 −1.45 0.147

Distance to forest −0.008 0.992 0.007 −1.04 0.298

Distance to the nearest town −0.011** 0.989 0.005 −2.39 0.017

Annual fuel expenditure 0.014** 0.986 0.007 2.07 0.039

Awareness about ICS 2.011*** 7.473 3.322 4.52 0.000

Separate kitchen 1.259*** 3.524 1.636 2.71 0.007

Access to ICS 0.771 2.161 1.267 1.32 0.188

Constant −0.987 0.373 0.435 −0.84 0.398

Number of obs 191

LR chi2 (13) 45.93

Prob > chi2 0.0000

Log likelihood −11.128003

Pseudo R2 0.6851

*** and ** presents significant difference at p < 0.01, 0.05, respectively.
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4.5 Binary logit model estimation result

To examine the determinants for the adoption of an improved
Tikikil stove, a binary logistic regression model was used (Table 6).
Out of 15 explanatory variables, only 13 variables were considered in
the final binary logit regression model result due to multicollinearity
problem. The likelihood ratio of chi-square result (LRχ2 (13) = 45.93,
at p-value = 0.0000) indicated that there is significant association
between explanatory variables correlated with the adoption of
Tikikil stove that disseminated by RBF program, and model
estimation was observed at a probability level of 1%. The
likelihood ratio of chi-square p-value (p = 0.0000) indicated that
the model was well-fitted at p < 0.01 significance level. The
Nagelkerke R square (Pseudo R2) value was 0.6851 (68.51%)
which indicated that there is a moderately strong relationship of
68.51% between the predictors and the prediction (Table 6).

Among explanatory variables, education level shows a positive
and significant relationship with the adoption of Tikikil stove from
RBF intervention (Table 6). In most adoption studies, education was
found to be the main tool in facilitating technology uptakes (Guta,
2020; Karanja and Gasparatoes, 2020). Another finding revealed that
the positive association between education and ICS adoption might
be related to access to a full package of information about the
technologies (Beyene and Koch, 2013). This finding suggests that
educated household heads are more informed about new
technologies and are more likely able to process information.

Family size is an important household characterstics that shows
a positive and significant association with the probability of the
household’s adoption of Tikikil stove (Table 6). The finding implies
that family size has an important role that could be played by the
availability of family labor. That means the presence of more labor
enables households to use Tikikil stove due to the tendency of getting
better income with a larger number of adults in the household. This
finding is consistent with the findings of (Gizachew and Tolera,
2018; Guta, 2020; Yayeh et al., 2021) who demonstrated that
household family size has a positive effect on the adoption of
ICS. On other hand, it contradicts the finding (Karanja and
Gasparatos, 2020) who found a negative effect.

Household assets such as livestock holding and landholding are
important indicators of ICS adoption decisions (Table 6). For
example, livestock holding with tropical livestock unit (TLU) was
associated positively and significantly with households’ adoption of
a Tikikil stove at a 1% significance level. This implies that the higher
the number of livestock owned by the household, the better-off the
household, and the higher the financial capacity to pay and purchase
the Tikikil stove. The finding of this study is in line with the findings
of (Legesse et al., 2015) who found that livestock holding has a
positive and significant association with the adoption of ICS because
of that livestock is an asset that increases the purchasing power of the
household. But it contradicts that of (Guta, 2020) who found that
livestock holding has a negative influence on the adoption of ICS.
Similarly, landholding size has a positive and significant influence on
the adoption of the Tikikil stove. The larger the landholding size, the
richer the households and the higher will be the financial capacity to
invest in energy technologies. The result is agreed with the findings
of (Guta, 2020; Karanja and Gasparatos, 2020) who found that land
ownership is a crucial asset and it is an important determinant of
energy technology adoption.

Distance to nearby town and the adoption of Tikikil stove had a
negative and significant correlation at 5% probability level. This
shows that if the distance to the town increased by 1 km, the
probability of households’ adopting the Tikikil stove decreased
(Table 6). This implies that households who are far away from
the nearby town are less likely to adopt the Tikikil stove than
households who are near the town. This finding is in line with
the works of (Legesse et al., 2015; Kassa et al., 2020) who found that
the distance from nearby town affects significantly and negatively
the adoption of ICS.

There is a positive and significant relationship between
awareness and adoption of Tikikil stove. This indicates that, as
individuals become more aware of the benefits of the ICS, the
probability of adopting that Tikikil stove increases. The finding of
this study agreed with related studies (Sheha and Makame, 2017;
Kassa et al., 2020) who demonstrated that the level of awareness
had a positive and significant influence on the adoption of
improved energy-saving ICS. Therefore, this study suggests
that raising the awareness level of rural households would
help them to decide on the adoption and sustained use of
more energy-efficient ICS.

A separate kitchen has a positive and significant effect on the
adoption of Tikikil stove (Table 6). This shows that having
enough cooking space and the capacity to construct a separate
kitchen plays an important role in the adoption of Tikikil stove.
The finding agreed with other similar studies (Gizachew and
Tolera, 2018) demonstrated that a separate kitchen is one of the
criteria to adopt ICS. Household stove preferences arose in the
literature related to how the stove affects the cooking area and
households needed a stove that fit within their limited kitchen
space (Gebreegziabher et al., 2018). Fuel expenditure has also
positive and significant association with the adoption of Tikikil
stove. This implies that households are more likely to adopt
Tikikil stove when they spent more money for fuel purchases.

5 Conclusion and policy implications

The aim of ICS intervention through RBF programs is to reduce
the negative socioeconomics, health, and environmental
implications associated with biomass fuel combustion with
supply and demand side management. However, the success of
ICS distribution with the RBF programe depends on the adoption
and proper use of ICS through behavior change and keeping the
preferences of households at the individual and the community
level. The results of this study revealed that the preferences and
adoption of ICS depend on the socio-economic characteristics and
stove attributes. The results of households’ level of preferences are
affected by ICS attributes such as cost of stove, stove holding,
construction material, cooking time reduction, and smoke
reduction were the top five attributes ranked by user households
for Tikikil stove. The implications of fuel-saving on time and efforts
households spent in collecting firewood have been reported by the
households as one of the very important benefits of the Tikikil stove.
The adoption rate was relatively low due to the small wood inlet size
of the stove which does not accommodate the type of wood being
used by some households; the cost of the stove, not suitable for large
pots, not suitable for all types of fuels, lack of replacement, lack of

Frontiers in Energy Research frontiersin.org11

Belachew and Melka 10.3389/fenrg.2023.1147545

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2023.1147545


maintenance and small base of the stove. The result also showed that
the effectiveness of RBF intervention on ICS regarding established
goals is moderately effective. Results from the binary logit model
revealed that education level, family size, landholding size, livestock
holding, distance to the nearest town, annual fuel expenditure,
awareness about ICS, and separate kitchen significantly
influenced households’ decision for the adoption of the improved
Tikikil stove.

The findings also suggested that consideration and integration of
various household preferences and households’ socio-economic
characteristics are relevant in the design of ICS for the success of
the RBF program. The multiple features of ICS is important to meet
the preferences of households in different environmental conditions
and socio-cultural settings. Thus, government and development
organizations should work in partnership with the private sector
could further explore the possibilities of scaling up Tikikil stove
projects as one key strategy to achieve the dual objective of
developing sustainable livelihoods and improving the
environment. The findings further suggest that consideration of
the improvement of the Tikikil stove small wood inlet size to
accommodate the type of wood being used; cost of the stove,
suitable for a large pot and all types of fuels, maintenance, and
replacement, as well as base of the stove. Essential mechanisms for
the success of such programs are local awareness of new solutions
and their acceptance, socio-cultural adaption, and technological
innovation. Generally, stove designers, producers and pricing
policy should focused on the preference of households regarding
stove attributes, socio-economic characteristic and related factors
for wider dissemination and adoption of ICS. Hence, enhance the
current issues of climate benefits to meet the demand of high quality
carbon credit through emission reduction.

6 Suggested strategies for wider
implementation of results-based
financing program

The result suggests that product testing, design modification,
product promotion and market expansion should be conducted in
order to address preferences of households as appropriate on the
attributes of stoves. The project should seriously consider the need
for continuous product improvement through basic adaptive
research that would enable it respond to the changing market
conditions, household preferences, and improve the affordability
and marketability of the stoves. In order to achieve critical mass and
maximize benefits, the RBF program should expand the frontiers of
Tikikil stove market. The stoves market should also be expanded
carefully selected new areas through further decentralization of
production centers in an optimal manner. It is necessary that
government and non-governmental actors like GIZ should
strengthen the efforts of the Developmental Association for
Renewable Energies in disseminating Tikikil stoves as well as
others throughout the country. For this to be successful, there is
need to intensify awareness campaigns on ICS through mass media,
provision of credit facilities, and investing in rural roads
infrastructure. This implies that ICS programs need to be
integrated into sustainable rural development strategies and
programs. The findings of this study also stongly suggests that

roles and responsibilities of partners at federal, regional, zonal,
Woreda and kebele level should be clearly defined. It is also
recommended that networks be created across sectors that
encourage learning and experience sharing that can contribute
to greater management and efficiency of running the RBF
schemes.
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