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A B S T R A C T   

Renewable energies are essential policy discourses based on their dual capacity to enhance livelihoods, forest 
management, and climate change mitigation. This paper aims to evaluate the impacts of improved cookstove 
(ICS) dissemination on the improvements of households’ livelihood from the results-based financing (RBF) 
mechanism under reducing emissions from deforestation and forest degradation (REDD+) intervention program 
in the Gedeb Asassa district, Ethiopia. Data were collected from 190 households through household survey, focus 
group discussions, and key informant interviews. The results revealed that the RBF scheme brought a reduction 
in fuelwood collection time and consumption, lessened fuel expenditure, income improvement, saved cooking 
time, educated youth, diminished indoor air pollution, and improved health conditions. Results from propensity 
score matching indicated that dissemination of the ICS through the RBF scheme had significantly boosted the 
livelihood of the ICS user households over non-user households on annual income by Ethiopian Birr (ETB) 
10,411.56. The program reduces average fuelwood consumption by 1.80 kg and fuel expenditure by ETB 34.77 of 
user households over the non-user households. Landholding size, distance to forest, distance to market, and 
awareness had significant effects on the adoption and use of ICS. The finding recommends that ICS dissemination 
through RBF programs should consider and incorporate forest access areas into their strategies intersecting with 
local contexts. The study further suggested the consideration of alternative livelihood for forest-dependent 
communities in the energy and forest policies.   

1. Introduction 

Currently, energy has become of great importance in achieving 
sustainable development goals worldwide (Berihun and Jabbar, 2020; 
Sena et al., 2022; Usman et al., 2023). One of the main sources of this 
energy is biomass energy (i.e., fuelwood), which is a predominantly 
utilized form of energy for domestic cooking and heating space in 
developing countries like Ethiopia. However, excessive reliance on 
fuelwood with the use of inefficient appliances for domestic cooking 
induces negative impacts on health from indoor air pollution and 
environmental issues, such as deforestation and forest degradation 
(Bailis et al., 2015; Onyeneke et al., 2018; Onyeneke et al., 2019). To 
surmount challenges associated with the utilization of fuelwood by 
inefficient cookstoves, different programs were designed and imple
mented in the past decades thereby providing, efficient cooking appli
ances for minimizing the rate of deforestation which in turn contributes 
to the environmental, social, and economic well-being (Agarwala et al., 
2017; Van Der Hoff et al., 2018). 

Following this, various governmental and non-governmental orga
nizations have launched different ICS programs in developing countries 
including Ethiopia (Anenberg et al., 2013; Negash et al., 2021; WEO, 
2021; Ahmad et al., 2022). Several efforts have been undertaken in 
Ethiopia since 1970s to improve the performance of cookstoves (Negash 
et al., 2021; Mekonnen, 2022). For instance, the design, development, 
and dissemination of the ICS, such as ‘Mirt’, ‘Gonzie’, ‘Lakech’, ‘Mer
chayie’, ‘Tikikil’, and Institutional rocket stoves were some of the out
comes of these efforts in the country (Orange, 2011). However, efforts to 
enhance the uptake of clean cooking solutions have not succeeded at a 
large scale (Belachew and Melka, 2023). The transition from the tradi
tional stove to the ICS is embedded in complex and challenging pa
rameters, including end-user needs and perceptions (Vigolo et al., 2018; 
Aemro et al., 2021). The Government of Ethiopia (GoE) has also 
embarked on a two-pronged strategy to stem deforestation and the 
degradation of agricultural lands with tree planting (afforestation) and 
dissemination of fuel-efficient cookstoves. More recently, the GoE 
declared its intention to distribute 9.4 million ICS of various sorts within 
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five years as a key part of the country’s Climate Resilient Green Econ
omy (CRGE) strategy (Gebreegziabher et al., 2017) by working in 
collaboration with various programs. 

Currently, one of the international implementation response pro
grams of developing countries like Ethiopia is REDD+. The REDD+

program aims to mobilize financial funds from developed countries to 
developing countries like Ethiopia to fund measurable reductions in 
deforestation and forest degradation (Beyene et al., 2015; Lima et al., 
2017). The REDD+ offers a new source of finance for clean cookstove 
dissemination to forest and biomass-dependent communities in 
Ethiopia. Among REDD+ financing mechanisms, the RBF intervention 
program is the one that focuses on renewable energy promotion and 
dissemination of the ICS (Angelsen, 2017; Morita and Matsumoto, 
2023). The RBF approach is an innovative program and the main
streaming paradigm that supports public policy regarding energy sup
ply, forest and environmental conservation, and emission reduction 
(Ehringhaus and Streck, 2015; Van Der Hoff et al., 2018). The primary 
focus of the RBF approach is payment based on agreed results. It has 
been pioneered in the health sector but there has been increasing in
terest within the energy sector, especially to promote private sector 
investment in the low-carbon energy sector (Jha and Jain, 2012). The 
key logic of the RBF mechanism is the provision of public funds to pri
vate companies upon the delivery of pre-agreed outputs, such as the 
number of ICS sold. The GoE is promoting the use of ICS as a key part of 
its REDD+, livelihood, environmental, and health agendas through the 
RBF intervention program. The RBF program in the clean cooking sector 
has gained increasing donor interest over the last decade (Stritzke et al., 
2021). The RBF mechanism releases funds to the coordinating partners 
based on results rather than the traditional payment structures (DFID, 
2015; GIZ, 2018; Robinson et al., 2021). The RBF schemes, such as the 
Energizing 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). In addition, the RBF intervention program 
in the dissemination of the ICS has got donor interest from time to time 
though there is a limitation of well-documented evidence (GIZ, 2017; 
Stritzke et al., 2021). 

The promotion program and demand-driven dissemination of the ICS 
in various regions of Ethiopia are achieved through the involvement of 
many stakeholders (Dresen et al., 2014; Bayu, 2020). However, few 
studies were carried out on the impact of households’ livelihood by ICS 
provided through the RBF intervention program from the implementa
tion of the REDD+ mechanism; rather many studies focused on the 
adoption of ICS in general (Beyene et al., 2015; Gebreegziabher et al., 
2017; Mamuye et al., 2018; Yayeh et al., 2021). More specifically, 
empirical evidence examining the impact of the RBF on the livelihood of 
households from the wider REDD+ financing mechanism remains 
limited. Therefore, there is a need to examine and present the impacts of 
the RBF ICS dissemination program on the livelihood of the subjected 
households. 

Understanding a set of factors related to environmental, socio- 
economic, and the outcome of the intervention program, the intended 
study is aimed at evaluating the impact of ICS dissemination through the 
RBF program on the improvement of the livelihood of households in the 
district of Gedeb Asassa, Ethiopia. The study was conducted by 
addressing key inquiries regarding the impact of the disseminated ICS on 
the households’ livelihood in the context of the REDD+ RBF mechanism. 
The current study addresses two general questions: First, what is the 
impact of ICS disseminated by RBF in the context of REDD+ mechanisms 
on households’ livelihoods? Second, what are the factors affecting the 
households’ acceptance of ICS from the RBF program? This study will 
make significant contributions to understand the improvement of 
households’ livelihood via dissemination of the ICS by the RBF inter
vention program and to design future policies that can strike the right 
balance between forest conservation and renewable energy access by 
shifting to clean cooking solutions. 

2. Research methods 

2.1. Study area 

This study was carried out in the district of ‘Gedeb Asassa’, Oromia 
National Regional State, in the southeastern part of Ethiopia (Fig. 1). 
The study area is located at the latitude of 07◦10′ North and longitude of 
39◦10′ East and it is about 285 km far apart from Addis Ababa, the 
capital city of Ethiopia. The altitude of the district varies from 2200 to 
4180 m above sea level and its topography is characterized by moun
tains, hills, and plains. Due to the nature of its topography, Gedeb Asassa 
has two agro-climatic zones namely; mid-altitude and high-altitude. Its 
rainfall pattern is bimodal and ranges from 600 to 700 mm, whereas the 
mean annual temperature varies between 10 ◦C and 27 ◦C (Agricultural 
Office of the West Arsi Zone, 2019). The district has an estimated area of 
1135 km2 and a total population of 226,743, out of which 111,853 are 
males (49.33%) and 114,890 are females (50.67%) (CSA, 2013). The 
major economic activities in the district are characterized by a mixed 
farming system (i.e., crop and livestock). The diversified agroecology of 
the area enables the production of different crops, such as cereals, pul
ses, oil crops, and vegetables. The district has the potential for forest 
resources though the coverage of the natural forest is decreasing from 
time to time at an alarming rate due to encroachment, deforestation, 
settlement, and agricultural expansion (Agricultural Office of the West 
Arsi Zone, 2019). The major sources of energy for households in the 
study area are dry biomass such as firewood, cow dung, and crop res
idue. By understanding these problems, the local government and its 
development partners introduced energy-efficient ICS into the area 
during the last few years for the management of forest resources. 

2.2. Sampling technique 

In this study, multistage sampling techniques were employed to draw 
samples from the target population and collect the primary data. Firstly, 
the Gedeb Asassa district was selected randomly among the potential 
districts of the RBF intervention program. Secondly, five sample 
Kebeles1 were selected randomly among the RBF intervention Kebeles 
from the selected district. Then, potential user households of ICS (i.e., 
Mirt and Tikikil stoves) were identified based on the information pro
vided by the RBF intervention program implementers, and officials of 
the district, Finally, the ICS user and non-user households were selected 
using a stratified random sampling technique. Based on this, 109 ICS 
user and 81 non-user sample households were drawn for this study. The 
sample size of user and non-user households was estimated using the 
probability proportionate to size (PPS) technique following Berihun and 
Jabbar (2020). The ICS users were interviewed by sampling out of the 
list of households who had received an ICS under the RBF intervention 
program. Besides, the traditional stove user households were selected 
using simple random sampling through the random number method in 
the neighborhood of the selected ICS user households. This approach 
was used to make sure that non-users of ICS live under the same con
ditions so that households thereby represent the baseline scenario. The 
control households were similar to the treatment households, except for 
ICS ownership. 

2.3. Data collection methods 

Before starting the final data collection, a pre-test of the question
naire which consists of 20 households was carried out. After the pilot 
test, the final questionnaire was designed by including the information 
obtained from the pre-testing. Both quantitative and qualitative data 
were collected from primary sources and secondary sources. The pri
mary data collection was employed using individual household survey, 

1 Kebele is the smallest administrative unit in Ethiopia. 
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focus group discussions (FGDs), and key informants’ interviews (KIIs). 
The household survey was conducted using a semi-structured ques
tionnaire through face-to-face interviews; whereas, checklists were used 
for the KIIs and FGDs. Two FGDs were conducted per Kebele each 
consisting of 8 members from male and female youth, and elders. Be
sides, a total of 15 KIIs (3 KIIs per Kebele) were conducted that have 
ample experience and knowledge about the area. In addition to primary 
data, secondary data were collected from different sources such as 
published articles, books, reports, and related sources. 

2.4. Data analysis 

The collected empirical data were screened, organized, and analyzed 
using descriptive statistics, inferential statistics, and an econometric 
model. Descriptive statistics were used to analyze continuous and cat
egorical results, such as the mean, standard deviation, percentage, and 
frequency. The quantitative data were analyzed using Stata version 17 
and presented in the form of tables and graphs. The data organization 
and diagnosis tests were undertaken before the data analysis process to 
check the validity of the specified model and to figure out whether 
multi-collinearity assumptions are violated or not by employing 
different testing methods. Besides, the data obtained by the FGDs and 
KIIs were analyzed qualitatively, explicated, and presented through 
textual summaries. 

Among inferential statistics, a t-test and chi-square test were used to 
examine a statistically significant difference between the two groups (i. 
e., the ICS user and non-user households, and households before and 
after ICS dissemination by the RBF intervention program). The inde
pendent sample t-test and paired sample t-test were used to evaluate the 
variations in the mean values between the two groups (i.e., the ICS user 
and non-user households, and the user households before and after ICS 

usage, respectively). This is a common application to evaluate the mean 
differences when new technologies supersede the existing technology 
that is working under a current operational system (Snedecor and 
Cochran, 1989). Finally, the estimation of the impacts of the RBF on the 
ICS intervention program was performed by employing the econometric 
model called propensity score matching (PSM) thereby comparing the 
variations in the outcome variables between the ICS user and non-user 
households. The PSM model was developed by Rosenbaum and Rubin 
(1983) as the conditional probability of obtaining treatment on the 
considered baseline characteristics and used to estimate the propensity 
of the ICS and assess the impacts of the RBF ICS intervention on the 
livelihood of the households (Eq. (1)). The ICS user and non-user 
households are matched based on similar propensity scores. The PSM 
is used to avoid sampling biases with self-selection or program selection 
criteria. It involves pairing treatment and comparison units that are 
similar in terms of their observable characteristics that give an unbiased 
estimate of the treatment impact. In the PSM approach, the probability 
of participating in the RBF ICS intervention program is estimated for 
each observation based on observable characteristics. Then, treatment 
members (ICS users) are matched with control members (non-users) 
based on this propensity score. According to Khandker et al. (2009), 
average treatment effect of the program is then estimated as the average 
variations in the outcomes between the two groups. The PSM model 
presented by the following equations: 

P(x) = pr
(

D = 1
/x

)

= E
(

D/x

)

(1)  

where D = 1 represents the household having/receiving ICS and using 
the stove since the distribution program (RBF). D = 0 otherwise x is the 
multidimensional vector of pretreatment characteristics. 

Fig. 1. Map of the study area.  
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P(x) = pr
(

D = 1
/x

)

= F(X’β) (2)  

where, β - denotes the vector of the model parameters to be estimated 
and F - is a cumulative density function. F - can be the standard normal 
cumulative distribution or the logistic cumulative distribution. 

In the case of a standard normal distribution, a probit model is fitted 
and Eq. (1) becomes: 

P(x) = pr
(

D = 1
/x

)

= F(X’β)
∫ X′β

− ∞
Ф(Z)dZ (3)  

with Ф (Z) = 1̅̅̅̅
2π

√ eZ2

2 , this represents the density function of the standard 
normal distribution. 

The model is estimated by maximizing the log-likelihood function 
and the resulting coefficient estimates permit the calculation of the 
average effects of treatment on the treated (ATT). The summaries of the 
explanatory and outcome variables are presented in Table 1. 

3. Results and discussion 

3.1. Demographic characteristics of households 

The result showed that from the total potential households consid
ered in the study, about 29.6% of male households and 70.4% of female 
households were the users of Tikikil stove, whereas 37.5% of male and 
62.5% of female households were non-users of Tikikil stove. Besides, 
about 29.3% of male and 70.7% of female households were users of Mirt 
stove, while about 18.0% of male and 82.0% of female households were 
non-users of Mirt stove (Table 2). On the other hand, all sample user 

households of Tikikil stove were married. In the Mirt stove technology, 
93.9% and 94% of user and non-user households were married house
holds, respectively. Further, the result revealed that 40.6% of Tikikil 
stove non-user households were illiterate, whereas 37.5% and 21.9% of 
them attended primary and secondary education, respectively. Among 
user households, 48.1% of households were illiterate, and 48.2% 
attended primary education. Concerning Mirt stove, 37.8% of user 
households were illiterate and 39% of them attended primary education. 
Similarly, 44% of non-user households were illiterate and 50% attended 
primary education (Table 2). 

Furthermore, the average age of the Tikikil stove and Mirt stove user 
households was analyzed using household survey data and presented in 
Table 3. The result indicated that the average age of Tikikil stove user 
households was about 37.89 ±-8.65 years, whereas the average age of 
the non-user households was about 39.5 ± 7.15 years. The result of the 
statistical test showed that there was no significant variation between 
user and non-user households of Tikikil stove. 

The average family size of the Tikikil stove user and non-user 
households was about 6.67 ± 1.71 and 6.84 ± 2.57, respectively. The 
result of the statistical test showed that there is no significant variation 
between Tikikil stove user and non-user households. On the other hand, 
the average age of Mirt stove user and non-user households was 37.33 ±
8.7 and 38.92 ± 12.38 years, respectively. Similarly, the average family 
size was 6.44 ± 2.89 and 5.4 ± 2.76 for user and non-user households, 
respectively (Table 3). The result of the statistical test showed that there 
is a significant variation between Mirt stove user and non-user house
holds at a 5% level of significance. The finding presented in this study 
was in line with the findings of Yayeh et al. (2021) who found that the 
increase in family size led to a positive association with the adoption of 
Mirt stove. 

3.2. Impact of ICS dissemination from t-test result 

The considerable up-take of ICS from the RBF intervention scheme is 
likely to be the result of multiple improvements that user households 
perceived (Fig. 2). The household survey result showed that 66.7% of 
Tikikil stove users and 48.9% of Mirt stove users mentioned that cooking 
with ICS results in crop production increment after the intervention. The 
majority (83.3%) of the Tikikil stove user and 93.6% of Mirt stove user 
households stated that there was a reduction in the consumption of 
fuelwood after RBF ICS intervention compared to before the interven
tion program. Similarly, 72.2% and 83.3% of Tikikil stove user house
holds, as well as 29.8% and 85.1% of Mirt stove user households, 
reported that there was an enhancement of employment opportunities 
and a reduction in household expenditure after the intervention, 
respectively. Regarding time reduction, the majority (88.9%) of Tikikil 
stove user households reported that there was a reduction in fuelwood 
collection and cooking time, as well as, 83% and 91.5% of Mirt stove 
user households stated a reduction in fuelwood collection and cooking 
time, respectively. In the case of health improvement, 61.1%, 77.8%, 
and 88.9% of Tikikil stove users and 80.9%, 66%, and 85.1% of Mirt 
stove users stated that there was a reduction in exposure of the house
holds to health problems and the cost of medication, reduction in 
exposure to fire accident, and smoke, respectively compared to the 
before RBF intervention. On the other hand, 61.1% of Tikikil stove users 
and 17% of Mirt stove users stated that there was a connection and 
improvement in social networks because of the RBF intervention 
scheme. 

The result revealed that the average distance of the nearby forest 
from the residences of Mirt stove user and non-user households was 47.1 
± 33.73 and 39.55 ± 16.79 km, respectively whereas the proximity of 
forest from the Tikikil stove user and non-user households was estimated 
22.86 ± 16.89 and 17.94 ± 12.36 km, respectively (Table 4). On the 
other hand, the average distance of the nearby market from the resi
dence of Mirt stove user and non-user households was 38.92 ± 20.19 and 
59.61 ± 24.03 km, respectively. Whereas, the average distance of the 

Table 1 
Summary of explanatory variables used in the PSM model.  

Variables Category Description of the variable measurement 

Dependent Variable 
Use of ICS Dummy Households that use ICS take a value of 1, 

otherwise 0.  

Outcome Variables 
Fuelwood 

consumption 
Continuous Kilogram (kg) 

Annual income Continuous Ethiopian birr (ETB) 
Fuel expenditure Continuous Ethiopian birr (ETB) 
Explanatory 

Variables 
Category Description Hypothesis 

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

+

Age Continuous Age of the household head 
(Years) 

−

Education level Dummy Education level of the 
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 

+

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 market 

Continuous Distance from homestead to 
nearby market in km 

+

Awareness about 
ICS 

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

+

House type Dummy 1 = if having an iron sheet and 
0 = otherwise 

+

A. Belachew                                                                                                                                                                                                                                      



Forest Policy and Economics 158 (2024) 103096

5

nearby market from the the residence of Tikikil stove user and non-user 
households was 45.14 ± 44.15 and 105.76 ± 95.99 km, respectively. 
The result of the t-test showed that there is a statistically significant 
variation in proximity to the nearby market between non-user and user 
households for both Mirt and Tikikil stoves at 1% and 5% levels of sig
nificance, respectively. This result agreed with related studies (Onye
neke et al., 2019) who demonstrated that dissemination of ICS is vital for 
fuelwood consumption and collection time. 

The result revealed that the average size of the farmland of Mirt stove 
user and non-user households was 1.68 ± 1.66 ha and 3.83 ± 2.65 ha 

per household, respectively (Table 4). There is a statistically significant 
difference between the two groups at 5% level of significance. The 
reason might be that the user households can minimize their farmland 
size due to the diversification of their livelihood activities and sources 
after the intervention of the RBF ICS program. The average size of the 
farmland of Tikikil stove user and non-user households was 2.08 ± 1.09 
ha and 2.34 ± 1.89 ha, respectively. The average weekly fuel expense 
for the Mirt stove user and non-user households was estimated ETB 
55.46 ± 41.04 and ETB 117.38 ± 91.57, respectively. The result implies 
that the weekly expense of fuel for the Mirt stove non-user households 

Table 2 
Summary of categorical variables associated with ICS user and non-user households.  

Variable Tikikil stove Mirt stove 

Category Non-user (%) User (%) Chi2 Non-user (%) User (%) Chi2 

Sex of household head Male 37.5 29.6 0.41 18.0 29.3 2.10 
Female 62.5 70.4 82.0 70.7 

Education level Illiterate 40.6 48.1 4.15 44.0 37.8 7.14* 
Primary (1–8 grade) 37.5 48.2 50.0 39.0 
Secondary (9–12 grade) 21.9 3.7 2.0 14.6 
Above secondary 0.0 0.0 4.0 8.6 

Marital status Single 0.0 0.0 0 6.0 6.1 0.01 
Married 100.0 100.0 94.0 93.9 

Note: * presents a 10% level of significance. 

Table 3 
Summary of continuous variables associated with the ICS user and non-user households.  

Variable Category Tikikil stove Mirt stove 

Mean SD T Mean SD t 

Age of household head in years Non-user 39.50 7.15 0.437 38.92 12.38 0.866 
User 37.89 8.65  37.33 8.70 

Family size Non-user 6.84 2.57 0.761 5.40 2.76 − 2.037** 
User 6.67 1.71  6.44 2.89 

Note: ** presents a 5% level of significance; SD - standard deviation. 

Fig. 2. Changes in the living conditions of the households after dissemination of ICS.  
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was much higher than that of the user households, indicating that there 
is a statistically significant variation in the expense of fuel between the 
two group households (i.e., the user and non-user of Mirt stove) at 1% 
level of significance. Similarly, the fuel expense of Tikikil stove was 
about ETB 48.53 ± 43.26 and 75.64 ± 41.99 for user and non-user 
households, respectively. The statistical test result showed that there 
is a statistically significant difference between Tikikil stove user and non- 
user households at a 5% level of significance (Table 4). Previous studies 
(Ken et al., 2020) found that the REDD+ project with different elements 
of financial incentives enabled the improvement of the livelihood of 
local communities. Other studies found that the REDD+ financing 
mechanism increases the community’s physical capital in terms of 
purchasing and using the ICS thereby enhancing forest conservation by 
the reduction in the consumption of fuelwood (Ojija, 2015). 

The finding also revealed that the majority (68.7%) of Mirt stove user 
households had a separate kitchen compared to the non-user (31.3%) 
households (Table 5). The result of the chi-square test indicated that 
there is a statistically significant variation between the user and non- 
user households in terms of separate kitchen at 1% level of signifi
cance. Besides, the participants of the FGD and KIIs stated that separate 
kitchen-owner households were interested in purchasing and up-taking 
of the ICS from the RBF intervention program (Table 5). 

The majority (90.5%) of the Mirt stove user households had aware
ness about the ICS when compared to the non-user (12.5%) households, 
showing a significant variation at 1% level of significance (Table 5). 

Human capital is one of the important indicators of improvement 
from the RBF intervention program in the dissemination of ICS for the 
local community. It is measured in terms of health status, number of 
educated girls and boys, and number of meals that the local community 
could have per day. For instance, the average number of educated girls 
was 1.6 and 2.1 persons per household before and after the intervention 
program, respectively. The result showed that the average number of 
educated girls was slightly higher after intervention of ICS compared to 
before intervention and statistically significant at 1% level of signifi
cance (Table 6). The plausible reason might be a result of the reduction 

of fuelwood collection time and consumption by the household. The 
average number of meals for each household was estimated twice per 
day before the RBF intervention program and three times after the 
intervention. Besides the impact of the disseminated ICS through the 
RBF program is also reflected in terms of the household income, savings, 
and expenditures as per the statistical result provided in Table 6. The 
result showed that the average monthly income per household was 
about ETB 4030.79 ± 2441.67 before the Mirt stove dissemination and it 
increased to ETB 27,346.53 ± 8049.67 after the dissemination of Mirt 
stove. Likewise, the average fuel expenditure was ETB 160.81 ± 131.06 
and ETB 112.9 ± 89.91 per household before and after the intervention, 
respectively (Table 6). This indicates that the fuel expenditure of 
households is lower after intervention than before interventions and 
showed a statistically significant difference at 1% level of significance. 
Another financial improvement resulting from the RBF intervention 
program (i.e., via the use of the Mirt stove) revealed that the saving 
amount of households after intervention (ETB 3179.87 ± 2927.27) was 
more than the before intervention (ETB 1639.00 ± 1466.82) per 
household per month. The monthly savings of households after and 
before intervention showed a statistically significant difference at 5% 
level of significance. The results in this study agreed with related studies 
(Nantongo, 2017; Khatri et al., 2018; Hajjar et al., 2021) demonstrated 
that the RBF from the REDD+ financial mechanisms reduces households’ 
fuelwood expenditure and fuelwood collection time that increase op
portunity costs that generate income from other sources. 

Furthermore, the average weekly baking time consumption by 
households was about 15.79 ± 5.11 h per household before the inter
vention program, whereas 14.08 ± 3.27 h per household after the 
intervention program. The finding implied that the weekly time con
sumption of households for baking is lower after Mirt stove intervention 
through the RBF program than the before intervention and showed a 
statistically significant variation at 1% level of significance (Table 6). 
Similarly, the average consumption of time per baking was estimated to 
be 1.87 ± 0.66 and 1.02 ± 0.64 h per baking per household before and 
after the RBF intervention via the use of the Mirt stove, respectively. The 
test showed a significant variation between the before and after inter
vention of the RBF program in terms of the time consumption for baking 
at a 1% level of significance. 

Another key beneficial impact of Mirt and Tikikil stoves stated by 
households is health-related benefits. The majority (74%) of ICS user 
households perceived that using the ICS reduced 50% of health prob
lems like smoke and emission reduction when compared to the tradi
tional stoves (Fig. 3). On the other hand, about 22% of households 
reported that using the ICS reduced about 25% of health problems and 
4% of sampled households perceived the reduction by 75% compared to 
traditional stoves. 

Similarly, FGDs and KIIs participants stated the health benefits of the 

Table 4 
The impact of ICS dissemination by the RBF intervention program.  

Variables Respondent Mirt stove Tikikil stove  

Mean SD T Mean SD t-value 

Distance to nearby forest (km) Non-user 39.55 16.79 − 1.144 17.94 12.36 − 1.038 
User 47.10 33.73 22.86 16.89 

Distance to nearby market(km) Non-user 59.61 24.03 4.942*** 105.76 95.99 2.608** 
User 38.92 20.19 45.14 44.15 

Frequency of cook per week 
Non-user 2.31 0.65 

0.403    User 2.26 0.65   

Weekly expense for fuel in ETB 
Non-user 117.38 91.57 

4.769*** 
75.64 41.99 

2.029** User 55.46 41.04 48.53 43.26 

Size of farmland in hectares 
Non-user 3.83 2.65 

2.001** 
2.34 1.89 

0.633 User 1.68 1.66 2.08 1.09 

Woodlot size in hectares (ha) 
Non-user 0.01 0.05 

− 0.892    User 0.02 0.06   

The monthly income in ETB 
Non-user 8925.00 26,423.89 

− 0.637    User 12,145.36 20,506.88   

Note: ** and *** presents 5% and 1% level of significance, respectively; SD - Standard Deviation. 

Table 5 
The impact of Mirt stove intervention in house and level of awareness 
improvement.  

Variable Category Non-user (%) User (%) Chi2 -value 

Separate kitchen No 62.5 37.5 5.83** 
Yes 31.3 68.7 

House type Iron roofed sheet 30.7 69.3 8.27*** 
Grass roofed sheet 57.9 42.1 

Awareness No 87.5 12.5 78.93*** 

Yes 9.5 90.5 

Note: ** and *** presents 5% and 1% level of significance, respectively. 
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Mirt and Tikikil cookstoves. The major benefits of Mirt and Tikikil 
cookstoves mentioned by the KIIs and FGDs participants included pro
tection from fire and smoke, reduced respiratory disease, cleaner 
cooking space, reduced drudgery, and risk of fire hazards and accidental 
burns. The finding agrees with related literature which estimates the 
impact of the use of ICS on the reduction of incidence of ailments 
associated with indoor air pollution as a result of cooking with fuelwood 
using traditional stoves (Onyeneke et al., 2019). 

3.3. Propensity score matching result 

The effect of the ICS from the RBF intervention on households’ 
fuelwood consumption and annual income showed a statistically sig
nificant impact as presented in Table 7. The findings of this study 
revealed that the mean difference in fuelwood consumption and annual 
household income between the two groups of sample households is 

significant at 5% level of significance. 
On average, ICS user households have boosted annual income by ETB 

10,411.56 over non-user households. On the other way, the average 
fuelwood consumption of ICS by user households has reduced by 1.80 
kg, and fuel expenditure reduced on average by ETB 34.77 over non-user 
households (Table 7). The finding is agreed with Negash et al. (2021) 
who demonstrated that the use of ICS by households is lower than non- 
user households. The finding is also supported by previous related 
studies on biomass ICS (Berihun and Jabbar, 2020) who demonstrated 
that the use of biomass ICS has a significant impact on energy expen
diture. Further, Sena et al. (2022) demonstrated that the implementa
tion of a sustainable energy system has a positive impact on the 
household economy. 

The impact result was estimated by using a binary probit regression 
model. The result revealed that the likelihood ratio chi-square (LR chi2) 
of 234.91 was significant at 1% level of significance. Out of eleven 
variables, four variables (i.e., landholding size, awareness about ICS, 
distance to nearby forest, and distance to nearby market) were signifi
cantly associated with the use of ICS (Table 8). 

Landholding size has a positive effect and significant influence on the 
use of the ICS. The larger the landholding size, the richer the households 
and the higher will be the financial capacity to invest in energy tech
nologies. The result agreed with the findings of (Guta, 2020; Karanja and 
Gasparatos, 2020) and found that land ownership is a crucial asset and 

Table 6 
The impacts of Mirt stove before and after the RBF intervention program.  

Variables Units Intervention Mean SD t-value 

Number of educated girls Number 
Before 1.59 1.28 

2.705*** After 2.06 1.24 

Number of educated boys Number 
Before 1.78 1.27 

0.657 After 1.89 1.11 

Fuelwood consumption/baking Kg 
Before 6.91 3.06 

4.778*** After 4.28 1.62 

Fuel collection /trip Minutes 
Before 446.47 134.92 

1.434 After 381.31 119.84 

Monthly income ETB 
Before 4030.79 2441.67 

− 1.208 After 27,346.53 8049.67 

Fuel expenditure/month ETB 
Before 160.81 131.06 

2.655*** After 112.90 89.91 

Number of meals/days Day 
Before 2.42 0.78 

8.822*** After 2.93 0.44 

Baking time/week Hours(h) 
Before 15.79 5.11 

2.713*** After 14.08 3.27 

Time/baking Hours(h) 
Before 1.87 0.66 

13.173*** After 1.02 0.64 

Saving amount ETB 
Before 1639.00 1466.82 

− 2.834** After 3179.87 2927.27 

Note: ** and *** presents 5% and 1% level of significance, respectively; SD - Standard Deviation. 

Fig. 3. Households’ perception on health problem reduction after the ICS 
dissemination. 

Table 7 
Average treatment effect on the treated (ATT).  

Variables Treated Control ATT T value 

Fuelwood consumption 1.11 2.91 − 1.80 − 1.46** 
Weekly fuel expenditure 5.87 40.64 − 34.77 0.17 
Monthly income 17,357.80 946.24 10,411.56 1.47**  

Table 8 
Probit estimate of factors affecting ICS use.  

Variables Coefficient Std. err. Z P > z 

Age 0.061 0.048 1.26 0.207 
Sex − 0.614 0.781 − 0.79 0.432 
Education level 0.943 0.753 1.25 0.210 
Family size − 0.146 0.163 − 0.90 0.370 
Landholding size 0.335* 0.189 1.77 0.076 
Livestock number (TLU) 14.050 708.074 0.02 0.984 
Awareness about ICS 5.420*** 1.460 3.71 0.000 
Distance to nearby forest 0.068*** 0.025 2.73 0.006 
Distance to nearby market − 0.025*** 0.008 − 3.02 0.003 
Separate kitchen − 0.667 0.887 − 0.75 0.452 
House type − 0.710 0.772 − 0.92 0.358 
_Constant − 2.174 1.708 − 1.27 0.203 
Number of observations 190    
LR chi2(11) 234.91    
Prob > chi2 0.0000    
Pseudo R2 0.9061    
Log-likelihood − 12.170016     
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an important determinant for the use of modern energy technologies. 
The other studies found that REDD+ significantly reduces tenure inse
curity and forest resources competition among the neighboring com
munities through the reduction of fuelwood collection from forest (Lima 
et al., 2017; Sunderlin et al., 2018). 

Moreover, distance to nearby market and the use of ICS had a 
negative and significant effect on the use of the ICS. This shows that if 
the distance to the market increased, the probability of households using 
the ICS decreased (Table 8). This implies that households who are far 
away from the nearby market are less likely to use the ICS than house
holds who are near to the market (Table 8). This finding was in line with 
the works of the previous studies stating that distance to the nearby 
market significantly and negatively affects the use of ICS (Legesse et al., 
2015; Kassa et al., 2020). 

The result also indicated that there is a positive and significant 
relationship between the households’ awareness about the use of the 
ICS. This implies that, as individual households become more aware of 
the benefits of the ICS, the probability of using that ICS increases. This 
result is in agreement with the findings of the previous studies (Abdalla 
and Makame, 2017; Kassa et al., 2020). Therefore, it has been suggested 
that raising the awareness level of rural households would help them to 
decide on the adoption and use of more energy-efficient ICS. Similarly, 
awareness creation about the benefit of using improved cooking facil
ities and continuous maintenance of appliances is highly recommended 
to encourage households to use modern and alternative energy tech
nologies with maximum possible benefits (Patel et al., 2016; Mudombi 
et al., 2018; Berihun and Jabbar, 2020). The result was further sup
ported by other studies (Kapfudzaruwa et al., 2017) who demonstrated 
that as the level of awareness increased among beneficiary households 
on the ICS technologies, the acceptance of the technologies would be 
enhanced thereby meeting the objective of the implemented program. 

The finding further revealed that the use of ICS was associated with 
access to forest resources from the households’ residences positively and 
significantly (Table 8). This indicated that households who had 
adequate access to forest resources in the nearby to their residences used 
less ICS than their counterparts. The results of the study were supported 
by (Karimu, 2015; Shen et al., 2015; Onyeneke et al., 2019) who 
demonstrated that households located far from the forest zone or fuel
wood collection areas were more likely to use the ICS than households 
located near the fuelwood collection areas. 

4. Conclusion 

The REDD+ projects are important financial incentives for the 
reduction of emissions from deforestation and forest degradation for 
enhancing forest management in developing countries like Ethiopia. 
This study focused on the impact of the RBF intervention program on the 
livelihood of households in the district of Gedeb Asassa through the 
dissemination of the ICS (i.e., Mirt and Tikikil stoves) as one of the ele
ments of the REDD+ projects. The findings in this study indicated that 
the ICS disseminated through the RBF intervention provides livelihood 
improvements and the reduction of forest degradation in three main 
ways; first, by switching to an ICS as opposed to the traditional stove, 
less fuelwood is consumed as fuel so less wood is collected from the 
forest which results in reducing pressure on the forest, second, adoption 
of ICS from the REDD+ financial mechanism of RBF results in less wood 
as fuel and results in more wood available in the forest area, reducing 
conflict between forest land tenure owners and fuelwood collectors, 
third, through its impact on time savings, ICS use results in less time 
spent for collecting fuelwood and less time spent for cooking. This would 
mean that less time spent for fuelwood collection offers more opportu
nities to get additional time for other off-farm activities leading to more 
income and less time spent on agricultural and forestry activities. 

The results revealed that the use of the ICS by the household was 
significantly affected by the landholding size of the household, distance 
to the nearby market from the household’s residence, awareness about 

ICS, and distance from the household’s residence to forest access areas. 
The PSM result showed that dissemination of ICS by the RBF interven
tion program significantly boosted the ICS user households over the non- 
user households on annual income. On the other hand, dissemination of 
ICS by the RBF program reduces the average fuelwood consumption and 
fuel expenditure of user households over non-user households. 

The finding in this study suggested that the dissemination of ICS 
through the RBF programs should consider and incorporate several 
factors into their strategies, like geographical factors (i.e., forest access 
areas) intersecting with the local biomass dynamics, energy infrastruc
ture, market access, and others. It has also been recommended that the 
RBF intervention program had the potential to improve the households’ 
livelihood either directly or indirectly, leading to saving forest resources 
by reducing the dependency on fuelwood for cooking. Hence, policy
makers, stove designers, and ICS disseminators join hands and work in 
collaboration with the RBF intervention program to create awareness 
and promote the ICS further based on the demands of the households. 

Generally, this study will make significant contributions to the pol
icymakers to craft and update the existing policy regarding modern 
energy utilization and forest resource management, especially, in rural 
communities via diversifying renewable energy alternatives to fuel
wood, non-forest-based livelihood options, and providing guidelines for 
decision-makers in line with the REDD+ RBF schemes. Lastly, the lim
itations observed in this study were that it was conducted only in one 
district (i.e., Gedeb Asassa district) due to the financial and resource 
limitations, the contributions of REDD+ to the emission reduction and 
carbon financing were not considered, explicated, and presented in the 
findings of this study, and the gender-disaggregated issues were not 
considered in the study. Therefore, future research should focus on the 
aforementioned limitations and the contribution of the RBF intervention 
program implemented by the REDD+ mechanism in wider districts 
thereby meeting the objective of the program for the dissemination of 
the ICS. 
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