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ABSTRACT  

This study was examined to assess the potential of improved cook stove (ICS), (specifically 

Mirt stove which is designed for Ethiopia’s staple food injera) in fuel-wood saving, carbon-

dioxide emission reduction and assessed the determinants of household decision of its 

adoption in Sayo woreda, oromia regional state, western Ethiopia.  Kitchen Performance Test 

(KPT) has been employed to determine potential of ICS in fuel-wood saving, and household 

survey were conducted to assess the determinants of household decision on adoption of ICS. 

Data for this study were collected from 191 household heads, selected using simple random 

sampling technique from two kebeles. For KPT, 30 ICS and 35 traditional cook stove (TCS) 

users were selected using stratified random sampling.  To measure the efficiency of ICS and 

TCS, field test was conducted for eight days by using cross-sectional approach. Data gathered 

through questionnaire were analyzed using binary logistic regression and descriptive 

statistics; whereas data gathered from KPT were analyzed using independent t-test. The 

regression result revealed that, family size; higher education level and income level of 

household are positively and significantly influenced the decision of household adoption of 

ICS. The KPT result showed that an average of fuel-wood consumed for TCS per day for each 

standard adult equivalent (SAE) is 1.199 (standard deviation = 0.218) kg; while an average of 

0.686 (standard deviation = 0.117) kg of fuel-wood is consumed per each SAE when ICS is 

used. Besides this, the result also demonstrated that using an ICS reduces annual emission of 

0.86 tons of carbon-dioxide equivalent per ICS user. The findings of this study implied that 

improved cook stove has a major contribution in fuel-wood consumption saving as well as 

carbon-dioxide emission reduction. Hence it can be recommended that government and non-

government should be focus on awareness of household and also long term payment 

modalities and reasonable subsidies should be available to lower income household. 

Key words: Adoption, kitchen Performance Test, Mirt stove, Traditional Cook Stove.  
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1. INTRODUCTION 

1.1 Back-ground  

Globally, 2.8 billion people (Bailis, et al., 2015), of which 90% live in developing countries 

(Urmee and Gyamfi 2014), depend on traditional biomass energy, such as firewood, charcoal, 

crop residues, and dung, for both cooking and heating (Raman et al., 2013). In Ethiopia, over 

90 percent of the country’s total energy for household cooking is derived from biomass fuels 

and fuel-wood is the major energy source which accounts 78%, while animal dung and crop 

residue account 12% and 8% respectively (WBISPP, EPAE, 2004). Such  reliance on biomass 

energy is one of the major causes of environmental degradation and a contributor to the 

greenhouse gases emissions, such as Carbon-dioxide   (Mano et al., 2017) 

The consumption pattern of biomass has led to forest degradation and deforestation, 

atmospheric pollution from emissions of greenhouse gases (GHG) during the combustion of 

wood with its implications for climate change, and indoor air pollution leading to domestic 

health hazards particularly for women and children during cooking (WHO 2005). These 

emissions account for at least 2% of global greenhouse gas emissions contributing to global 

warming (Parker et al., 2015). All of these issues are more acutely felt in regions like sub-

Saharan Africa, where more than 90% of the population rely on solid biomass to meet their 

energy needs (Parker et al., 2015). 

Traditional stoves, while free and easy to construct, are highly inefficient and require between 

20% ‐ 50% more fuel-wood than alternative improved stoves (Bensch and Peters, 2015) and 

loose large percentage of the fuel energy due to incomplete combustion (Owsianowski et al., 

2006). The thermal efficiency of traditional stoves is cited to be between 7% - 12% and 
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therefore below ICSs (Wiskerke et al., 2010). Improved stoves can cut back indoor smoke 

levels considerably (WHO, 2006) and it is possible to reduce GHG emission by using 

improved cook stove, (Muller et al., 2011). Improved cooking stoves (ICS) that use less 

biomass have received significant attention as important intermediate technologies (Jeuland 

and Pattanayak, 2012), most of which use fuel-wood, which is the most important biomass 

fuel. Improved cook stove are designed to improve combustion efficiency of biomass, 

consume less fuel, save cooking time, increase convenience in cooking processes and create a 

smokeless environment in the kitchen or generally lead to a reduction in the volume of smoke 

produced during cooking (GACC, 2013).  

FDRE (2011) and MoFED (2010) stated that in Ethiopia, in order to minimize the rate of 

deforestation, the document forwarded reduction of the demand for fuel-wood via the 

dissemination and usage of fuel‐efficient stoves and/or alternative fuel cooking and baking 

techniques.  

In Sayo woreda, energy consumption for domestic use could be modern and traditional. 

However, the traditional (fuel-wood, crop residue and charcoal) dominates the modern one 

(electricity and petroleum). Among petroleum products, diesel and kerosene are consumed 

both in rural and urban area. Even though the pressure on the forest resource has increased due 

to tendency to use of fuel-wood by the local community and traditional open fire cooking is 

predominant. Dissemination of ICS has recently introduced in 2006 E.C across kebeles of the 

woreda.  
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1.2 Statement of the problem 

Forest degradation leads to carbon-dioxide emissions, which is primarily caused by fuel-wood 

consumption (46%) are expected to grow from 25 Mt of carbon-dioxide equivalent in 2010 to 

45 Mt of carbon-dioxide in 2030 (CRGE, 2011). 

In Ethiopia heavy reliance on Biomass resources play major role in the depletion of the 

country's forest resources (Shanko, 2001, Asres, 2002, Gebreegziabher, et al., 2010). In 

developing countries like Ethiopia, whose energy supply is heavily dependent on biomass 

fuels, technical advances in energy efficiency are critical. In order to reduce pressure on 

forests and the adverse impact of indoor air pollution, the government of Ethiopia is trying to 

increase the availability of fuel saving technologies such as improved cook stoves (cook et al, 

2008). However stove dissemination could be sustainable only if new households adopt 

improved stove and if the changes in fuel use of a proposed new stove is understand. 

Improved biomass energy technologies have been promoted but the adoption is low and 

disproportional (NEMA & GOK, 2009; ESPA & Practical Action East Africa, 2010). Limited 

adoption of improved technologies by households forms one of the focus areas of this research 

with the aim of determining the determinants of ICS adoption at household level. 

From personal experience, it is very common to observe deforestation and health problem, 

dissemination of ICS was started recent time however their performance in saving fuel-wood 

and in real kitchen condition and their potential in emission reduction have never been 

conducted in Sayo woreda. Thus, this study is intended to quantify the amount of fuel-wood 

saved by ICS users and carbon-dioxide emission reduced by improved cook stove users as 

well as factor influencing adoption of improved cook stove at household and the community 

as a whole. 
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 1.3 Objectives of the study 

1.3.1 General objectives 

The general objective of the study is to determine changes between improved cook stove and 

traditional cook stove in fuel-wood saving and to determine determinants adoption of 

improved cook stove. 

1.3.2 Specific objective 

The specific objectives of this study are: 

1. To identify performance of improved cook stove (specifically Mirt stove) in reducing fuel-

wood consumption under household kitchen condition. 

 2. To determine amount of carbon-dioxide emission reduced due to use of improved cook 

stove comparing to traditional cook stove 

3. To identify factors affecting adoption of improved cook stove at household level. 

 1.4 Research question 

What is the potential of improved cook stove in saving fuel-wood use? 

What is the potential of improved cook stoves in reducing carbon-dioxide emission? 

What are the factors influences the adoption of improved cook stove technologies at 

household level? 

1.5 Significance of the study 

Reduction in fuel-wood use is the most important reason for consumers to adopt an improved 

stove. Thus, whether based on government and donor programs or commercial marketing, 
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there is a need to understand the changes in fuel use of a proposed new stove as well as the 

performance of existing in place stoves. In addition, such understanding is needed to evaluate 

the environmental benefits of stove introduction, particularly those related to pressure on 

deforestation from fuel-wood gathering and the global warming pressure from products of 

incomplete combustion. 

The study will benefit the stove manufacturers in creating awareness on the stove standards 

that they need to meet during manufacture. It will also create awareness on the factors 

affecting their production activities, so that they may best be able to deal with these factors, in 

order to optimize their production. 

Introducing efficient stoves has two distinct effects on GHG emissions “it reduces forest 

degradation, with an impact of around 0.9 tons biomass/year per households; and woody 

biomass acts as carbon sink amounting to 2.1 tons per year per household” (FDRE, 2011). 

This study will benefit the consumers by informing them on the importance of using improved 

cook stoves, and the information collected will ensure their needs are better understood, which 

will result in increased utilization of the cook stove 
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2. LITERATURE REVIEW    

2.1 Energy source for cooking in developing country 

 In developing countries, about 1.26 billion people do not have access to electricity (IEA, 

2013a), and 2.8 billion people (Bailis, et al., 2015) rely on traditional biomass (fuel-wood, 

charcoal, dung and agricultural residues) for cooking mainly in rural areas. According to IEA 

(2016) reported in 2040, 1.8 billion people will remain reliant on traditional biomass energy as 

a cooking fuel, with the overwhelming majority living in Sub-Saharan Africa. In Ethiopia, the 

household sector consumes 90% of total solid fuels (Getnet and Bekala, 2003) and cooking 

accounts 99.6% of the energy consumed in the sector (Guta, 2012). 

  2.2 Types of energy source for household consumption  

Depending on typical level of energy development, type of fuels used for cooking in 

households can be categorized as traditional (animal dung, agricultural residues and fuel-

wood), intermediate (charcoal, briquettes, lignite, coal and kerosene) and modern (solar, LPG, 

biogas, natural gas, electricity) (Malla, et al., 2014). Based on the way these cooking energy 

types are produced or extracted, they are sometimes termed as primary and secondary energy. 

Primary energy is directly obtained from natural resources such as fuel-wood, agricultural 

waste, animal dung, coal, solar and natural gas. Secondary energy types, which come from 

transformation of primary energy types, include petroleum products (kerosene, LPG) from 

crude oil, ethanol from sugar cane, charcoal and biogas produced from animal dung and 

agricultural waste, electricity produced from combustion of fossil-fuels and from renewable 

energy sources such as solar, hydro and wind (Smith et al., 2012).  

Traditional biomass energy is a local energy source, which is readily available to meet the 

energy needs of significant proportion of the population, particularly the poor in rural areas of 
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the developing world. Traditional biomass energy which is low cost and does not require 

processing before use is usually defined as fuel-wood and charcoal, agricultural residues, and 

animal dung (Hall & Mao, 1994). 

In Eastern and Central Africa, traditional biomass (mainly charcoal, fuel-wood and dung) 

energy dominates the energy supply about 60 - 90% of the total energy supply in most 

countries (ADB FINESSE, 2006). Ethiopia is the third largest user in the world of traditional 

bio fuels for household energy use, next to Chad and Eritrea, with over 90% of the population 

dependent on biomass (e.g. fuel-wood and dung) to meet their energy needs (Jargstorf, 

2004b).  

                     Figure 1: Shows traditional energy consumption trend 

        Source: NationMaster.com, 2010. 
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2.3 Impact of traditional biomass energy use on climate change 

2.3.1.   Impact on forest resource  

Collection of traditional wood-fuel for cooking and heating is common throughout the tropics, 

and can lead to forest degradation where removals exceed re growth. Where annual harvest of 

wood-fuel exceeds the forest’s incremental growth in biomass, it is considered to be 

unsustainable, and leads to a decline of woody biomass and to net carbon emissions (Bailis et 

al., 2015). Bailis et al., (2015) also estimated that 27–34% of wood-fuel harvest was 

unsustainable, particularly in East Africa and South Asia, and thus lead to significant forest 

degradation. 

In a long-term outlook, deforestation in Ethiopia has been progressively increasing at alarming 

rates. According to FAO estimates the total area of natural forests in 1990 was 15.1 million 

hectare and was reduced within 20 years to 12.3 million hectare (FAO, 2002). Accordingly, 

Ethiopia has lost 140,000 hectare natural forest annually, and fuel-wood collection played an 

important role in the process (Feleke, 2002, Gebreegziabher, 2010). 

2.3.2 Health impact 

The main source of indoor air pollution on the worldwide is incomplete combustion of 

biomass (WHO, 2011) and in most developing countries it is burned in open that produces a 

lot of smoke (Akunne et al., 2006).  

 Study from Mondal et al., (2013), Dasgupta et al., (2006) show that, in rural household 

indoor air pollution is due to combustion of biomass fuels. However, in various developing 

countries wood stove emission is the main source of kitchen related indoor air pollution in 

many poor households. 



9 
 

Result from Huboyo et al. (2014), Arbex et al. (2007) also stated that, biomass is the only 

source which produces a lot of pollutants that are harmful for human health and also have 

effects on climate change.  

In developing countries, women and children are exposed each day to pollution from indoor 

cooking smoke, in the form of small particulates, up to 20 times higher than the maximum 

recommended levels of the World Health Organization (WHO) and other environmental 

agencies around the world (WHO 2005). According to WHO and UNDP (2009), smoke from 

cooking fuels is estimated to account for nearly 2 million deaths, more than 99 percent of 

which occur in developing countries. This means that a significant percentage of the annual 

burden of disease is caused by cooking smoke. Because mothers and their young children are 

the main household members who regularly breathe such cooking smoke, they are 

disproportionately affected by the related health issues. Children are especially vulnerable; 

indeed, strong evidence supports the causal linkages between biomass combustion emissions 

and acute respiratory infection (ARI) among children, Smith (2000); Smith et al. Parikh et al. 

(2001); Kammen, Bailis, and Herzog (2002). 

2.2.3 Impact on GHG emission 

Until recently, cooking with biomass energy was seldom addressed by climate change 

practitioners since biomass was considered primarily a renewable energy source; but 

harvesting unsustainable levels of biomass can lead to pressure on biomass resources, with 

implications for the local and global environment (World Bank, 2009a).  

About 730 million tons of biomass is burned every year in developing countries, (WHO 

2007), amounting to more than 1 billion tons of carbon-dioxide emitted into the atmosphere. 
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Houghton (2012) estimated that, the average annual net emissions from harvesting of timber 

and wood-fuel (with the exclusion of the re-clearing of forest fallow within the shifting 

cultivation cycle) just 10% of the summed emissions from deforestation and degradation, with 

degradation emissions dominated by timber harvest with marginal emissions from wood-fuel. 

At a global level, about 2 % of carbon-dioxide emission is attributed to fuel-wood combustion 

(Ahuja, 1990). In addition to carbon-dioxide emissions, combustion of fuel-wood and agro-

residues leads to emission of products of incomplete combustion. Combustion of fuel-wood 

and other biomass fuels leads to carbon-dioxide emissions, as nearly 50% of wood is carbon 

(Pearson, et al. 2005). 

2.3 Major types of cook stove in Ethiopia 

Over the past one hundred years, middle and upper-income families have adopted different 

type of stoves, especially when access to petroleum-based fuels was a problem (Kammen 

1995). 

Ethiopia is a country where people practice different cooking habits, requirements and 

preferences. Hilawe Lakew, (1999) cited in Teshome, (2014), reviewed types of stoves in the 

household sub sector are categorized as Traditional, Modern and improved stoves, as follows: 

2.3.1 Traditional cook stove 

Traditional stoves (three stone open fires) are those that are developed and produced locally 

by the users themselves or local artisans (Urmee and Gyamfi 2014). 

These stoves are mostly made of the local cheap materials available in the surrounding areas 

and are subject to modification at different times by the users themselves, as different 

conditions appeared with regard to their uses. For example, there are open-fire stove, enclosed 
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stoves and traditional charcoal stoves. The open-fire Injera baking stove is the most Popular in 

our country due to its flexibility in construction and space utilization.  

As the name indicates, three stones are used to raise the “mitad” to a height of about 12 cm 

from the ground (Hilawe Lakew, 1999). 

2.3.2 Modern stove 

Modern stoves are those developed for the utilization of modern fuels (Kerosene, Liquefied 

Petroleum gas and Electricity (Teshome, 2014).  

2.3.3 Improved Cook Stove (ICS)  

In 1970s, after the huge rise in oil prices the recent spate of improved stove programs began 

focusing on energy efficiency (Barnes et al. 1994). In addition to minimize reliance on 

biomass fuels, a desire to prevent or mitigate deforestation contributed to the growth of stove 

programs. With higher oil prices, increasing deforestation, and talk of an impending "fuel-

wood crisis," governments, donors, and nongovernmental organizations (NGOs) started to 

finance and develop stove programs (Barnes et al. 1994).  

Improved stoves are those that are developed through an improved stove programs taking the 

energy scarcity of the country into account that comes from unsustainable use of resources by 

the household sub sector (Teshome, 2014). 

Around the globe, the task of cooking is an essential part of life for people yet in East Africa it 

is a task that can consume many hours of the day and have far reaching consequences on 

health and the environment as well as social and economic impacts (GVEP International, 

2012).  During the 1990s, Indoor Air Pollution (IAP) began to link smoky stoves with health 

issues. At that time, it was accepted that to remove smoke from the house, chimney was 
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desirable. Thus, energy conservation and smoke removal became a popular mandate (WHO 

and UNDP 2009) 

In Ethiopia, types of injera baking stoves are; Mirt stove, Addis (Aprovecho stove), Yekum, 

Gonzye, and Electrical stove, (htt://energypedia.info/wiki/list of stove in Ethiopia) 

2.4. The role of improved cook stove in reducing fuel-wood consumption and its 

environmental benefit 

The efficiency of improved cook stoves results in environmental benefit and reduces fuel-

wood consumption. Existing case studies have shown that improved cook stove can reduce 

fuel-wood consumption by over 50% (Haider, M.N 2002)  

Improved cook stove are cooking stoves that use biomass (charcoal, wood, paper or vegetable 

matter) and are designed to maximize thermal and fuel efficiency, operate safely and minimize 

emissions harmful to human health (UNEP, 2010). The global technical potential for GHG 

emission reductions from improved cook stove projects has been estimated as 1 Giga ton of 

carbon-dioxide (1 Gt CO2) per year (Muller et al. 2011). 

Improved cook stove (ICS) dissemination programs were initiated in the 1970s, encouraged by 

a perceived link between deforestation and household energy (Arnold et al., 2003). 

According to Foundation, (2008); Kammen, (1995) improved cook stoves are a promising 

measure for sustainable and efficient use of fuel-wood. The use of improved cook stoves 

significantly reduces high levels of harmful indoor air pollution in countries dependent on 

fuel-wood for household energy (Rehfuess, et al., 2006). Reduced indoor air pollution is a 

major benefit of improved cook stove use and therefore deserves mention. 
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2.5 Development of Improved cook stove in Ethiopia 

In Ethiopia, improved cook stove improved cook stoves are disseminated in 1980 by various 

initiatives (such as the Gaia project (Gaia Project, 2012) and a CDM project implemented by 

World Vision (World vision, 2013). Estimates from GIZ state that, 455,000 ICS were 

commercially distributed in Ethiopia until 2011to enhance efficient use of biomass resources 

(GIZ-ECO 2011). Moreover, the overall goal of the project is to contribute to environmental 

protection and sustainable environmental development. 

The Ethiopian government is actively promoting the use of ICS and has announced its 

intention to distribute 9.4 million improved cook stoves by mid-decade. Most of these are Mirt 

stoves which are used primarily to bake injera, which is the main staple bread in Ethiopia 

(UNFCCC, 2013). The injera is traditionally prepared on a clay plate, called a mitad, with a 

radius of about 60 cm and a thickness up to 4 cm (Dresen et al. 2014). 

2.5.1 Description of Mirt stove 

Mirt stove was first developed by the Ethiopian Rural Energy Development and Promotion 

Centre in the early 1990s in Ethiopia (Assefa, 2007; Dawit, 2008). 

Mirt stove is produced mainly from red ash (or in its absence, pumice or river sand) mixed 

with cement (Gashie, 2005; GTZ, 2007). It is mainly used for baking injera, a staple food for 

the majority of Ethiopians, which consumes large amount of firewood in the baking process 

(Gashie, 2005). 

In Ethiopia dissemination projects state that, “Mirt” stoves have shown good acceptance for 

injera baking, with dissemination projects often being extended due to higher demand (Gaia 

project and UNFCCC, 2013). As shown on figure below (2), on top of baking injera, the 
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chimney side of the stove can be used for cooking and boiling (e.g. wot, coffee) activities 

(Dresen, et al., 2014). 

 

 

Figure 2: Shows design of Mirt stove 

Source: http://www.researchgate.net  

2.6 Determinant of adoption of improved cook stove  

Three models, namely innovation diffusion, adoption perception and the economic constraints, 

are widely applied to explain the determinants and behavior of individuals when adopting a 

new technology/new idea (Wossink et al., 1997; Sarkar 1998). Innovation diffusion is access 

to information about an innovation to adoption decision (Wejnert 2002). According to 

adoption perception model, the first step is the perception of the need to adopt. Such 

perception is dependent on individual characteristics such as education, experience and the 

human values of the potential adopter (Sarker et al., 2008). The economic constraints model 

argues factors of production such as access to credit, land, labor and other critical inputs 



15 
 

conditioned technology adoption decisions and is driven by utility maximization (Kebede et 

al., 1990; Makokha et al., 1999) 

Barnes et al. (1994), Soini and Coe, (2014) stated that, multiple cook stove programs have 

failed because the stoves were not designed to be compatible with traditional cooking 

methods, they were too costly to purchase and maintain, and the stoves did not offer any 

additional benefits besides reduced fuel-wood consumption.  

Adoption and dissemination of new technologies depend to a larger extent on demographic 

characteristics, environmental characteristics, institutional support services, nature of the 

technology and its benefits as perceived by the clientele, Baidu, et al., (1999), Nhembo, 

(2003), Simon (2006). Such characteristics of improved biomass technologies for cooking 

make adoption responses unique as they are related to the individual, some to the situation in 

which the individual is and some to the nature of the practice (Lionbergen & Gwin1991). 

According to Duflo and Greenstone, (2008) shows, households at lower levels of income and 

development tend to be at the bottom of the energy ladder, using fuel that is cheap and locally 

available but not very clean nor efficient.  

As stressed by Manyo Plange (2011) and Jan (2012), Economic determinants of fuel choice is 

by large the most widely covered driver of fuel choice. There are several components to 

economic factors which include household income; cost of equipment and fuel, and 

noneconomic costs such as time and access to fuels Barnes et al. (1994) and he revealed that 

the price of stoves can be a significant barrier to their adoption.  

Ergeneman (2003) also emphasized that the incidence of rural poverty is an important 

determinant for the adoption of improved cook stoves. He added that it is hard to imagine a 
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rural household which is barely meeting its subsistence needs being able to afford the whole 

cost of an improved cook stove. 

Women’s choices of fuel efficient stoves also depend upon existing environmental factors and 

culture and (Manyo Plange 2011). The cultural factor has particular significance because it 

can form the basis through which individual decisions are made. It comprises not only the 

local traditions specific to tribes, but also of woman’s beliefs and understanding like age and 

education. Cultural factors play an important role in cooking fuel decision making and should 

not be overlooked Sri Lanka by (Wijayatunga and Attalage, 2003) as cited in (Manyo Plange 

2011).  

Gender can influence adoption of a technology positively or negatively depending on gender 

responsibilities and ownership of resources (Simon, 2006). Different gender responsibilities 

can be reflected in different tasks among men and women regarding energy supply and 

management systems or in differences in resource ownership such as livestock, houses and 

land. Gender had a significant influence in the adoption of stall-feeding technology in semi-

arid areas of Tanzania (Kaliba et al 1997). Nhembo (2003) argues that if a technology to be 

adopted is expected to reduce women workload, then women may prefer to adopt it.  

Karlsson (2003) suggest that because women are the primary users of energy, it is therefore 

important that they are involved in decision making on energy issues specifically, in designing 

and implementing projects to meet their needs. He identifies lack of education and technical 

training as an important constraint on women’s participation in energy decision-making 

processes and in activities involving energy use. According to Karlsson, (2003) women 

already have valuable knowledge about local conditions and resources, additional education 

about energy technologies and solutions would increase their ability to contribute to energy 
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solutions and to adopt new cleaner fuels and equipment. Women, who have learned new skills 

and obtained improved access to energy for households and income generating activities, can 

create new resources for investing in better conditions for themselves, their families and their 

communities. 

Study from Rehfuess et al., (2014) identified that, high wood prices or scarce supplies of 

wood are also factors which increase the likelihood of stove adoption. 

The other common reason for failed improved cook stove projects is lack of education and 

training on stove purpose and use (Jagadish, 2004).  

To maximize chances of ICS being adopted, the improved cook stove should be as simple, 

straight forward, and convenient to use as the traditional cook stove and support local cooking 

and fuel use practices (Soini and Coe 2014). 

2.6.1Explanatory variables and their justifications  

Age: household head’s age was indicated to be significant negative factor that determines the 

adoption of improved cook stoves across studies reviewed Lewis and Pattanayak (2012). In 

contrary, results from Gebreegziabher et al., (2010) show that household head’s age to be 

positive and statistically significant determinant factor of cook stove adoption and utilization 

decision. 

Therefore, based on the previous empirical works and with the assumption that older people 

may tend to be conservative in accepting new cooking technologies, in this study it was 

expected that  age have negative significant on adoption of improved cook stove . 

Sex: Adrianzén, (2009); Damte & Koch, (2011) reported that, women headed households are 

more likely to adopt fuel efficient new technologies as compared to male headed households. 
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This study also was reveal that the probability of female headed households adopting ICS has 

significantly higher than that of their male headed.  

Education level: As result from Chambwera and Folmer, (2007) shows, education can be used 

as a long-term policy to shift household fuel use from traditional biomass to ICS. This study 

also argued that higher education level implies the larger the probability of using clean fuel 

sources. 

Family size: Report from (Gebreegziabher et al., 2010; Pine et al., 2012) revealed that an 

increase in family size has a positive and significant influence on the adoption of ICS. This 

study also improve that large family have positive significant on adoption of ICS. 

Level of income: Households at lower levels of income to be at the bottom of the energy 

ladder, using fuel that is cheap and locally available but not very clean nor efficient (Duflo and 

Greenstone, 2008). Also this study improve that income have positive significant on adoption 

of ICS.  

 Having separate kitchen: Having enough space and capacity to construct separate kitchen 

plays an important role in adoption of ICS (Adrianzén, 2009; Damte & Koch, 2011; Axén, 

2012; Puzzolo et al., 2013). However, since the majority of rural households may get 

advantage mainly for fuel storage, to decide on free space and others in their living compound, 

as a result the existence of separate kitchen may provide weak support for adoption decision in 

rural households (Wubishet, 2009). This study improve that having separate kitchen has no 

impact on adoption of improved cook stove in the study area. 
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3. MATERIALS AND METHOD 

3.1 General description of the study area 

This study was conducted in Sayo woreda which is located in Kellem Wollega zone, Oromia 

Regional state, Western Ethiopia. Dembi-Dollo is a capital (town) of Kellem Wollega zone 

and situated about 652 km West of Addis Ababa. Sayo woreda is found on latitude 8°32'N and 

longitude 34°48'E with an elevation between 1701 and 1827 meters above sea level. The 

woreda has tropical climate and remains mostly hot and humid throughout the year. The 

average annual rainfall of the area is 700 to 1100 mm. The area is bordered by West Wollega 

zone to the north, Gambella regional state to the regional state to the west. The total human 

population of this area is 35,065 Sayo District, Bureau of Agricultural Survey Annual report, 

(2001). 

Figure 3: Shows location of Sayo woreda 
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3.2 Data Sources 

 Data for factor affecting household adoption of improved cook stove were used from primary 

and secondary data and household field survey were used to determine amount of fuel-wood 

consumed on improved cook stove and traditional cook stove, using Kitchen Performance Test 

(KPT) based on the Volunteer in Technical Assistance (VITA) protocol (Lillywhite, 1984; 

VITA, 1985)  

3.3. Sample size selection and sampling procedure 

Sayo woreda was selected purposively and two kebeles namely, Abba Jara and Tabor were 

randomly selected from five kebeles among which 298 of ICS was disseminated by non-

government organization working on sustainable land management program.  

Based on the general formula developed by Yamane (1967), number of household included in 

survey was determined.   

n =
N

1+𝑁(𝑒)2 
             ……………………………………………………………………… (1) 

Where: 

 n=Sample size required  

N= Total population size 

e = Error level  

Kumar (2014) indicates that a sample size of 10% of the target population is large enough so 

long as it allows for reliable data analysis and allows testing for significance difference 

between estimates.  There are 2889 households. Therefore, placing information the above 

formula at 93% confidence level and error limit of 7% sample size were determined in: 
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   n =
2889

1+2889(0.7)2 
 = 191  

Accordingly, 191 respondents were therefore were deemed to be the lowest acceptable number 

of responses to maintain a 93% confidence level and 7% precision of the population. Since 

household selected was from the similar socio-economic (based on local criteria like wealth) 

7% of precision level of the population used has no effect on the accuracy of representative 

sample size in the study area. Therefore by using simple random sample technique 191 

household heads was selected.  Sample size in each kebele was determined in proportion to 

the number of households head in each kebele. 

Household size for KPT was selected, by following Gold Standard Foundation, (2011).  

Table 1: Shows sample selection for KPT 

Group  size of household  Sample size recommended 

Less than 300    30 sample 

300 up to 1000  10% 

Above 1000 At least 100 

   

                       Source: Golden Standard Foundation (2011) 

Accordingly, by using stratified random sampling, the study was conducted with 30 

households from ICS users and 35 households from TCS users.  
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3.4 Data collection method 

Both quantitative and qualitative types of primary data collection were used. Secondary data 

was gathered from published and unpublished sources including books, journal articles, office 

reports and records, magazines, and internet which were relevant to the topic under discussion. 

In this study household survey, focus group discussions were also used as discussed below. 

3.4.1 Household survey data collection. 

From the kebeles where the ICS was disseminated, 191 house-holds were selected randomly 

to gather data on determinants that determine adoptions of ICS by means of a household 

survey.  

VITA, (1985) developed three method for stove performance test; the Kitchen Performance 

Test (KPT), the Water Boiling Test (WBT), and the Controlled Cooking Test (CCT).  

Kitchen Performance Test is done in the field, and can thus better represent stove users’ actual 

cooking behavior where the WBT is laboratory results on stove performance which do not 

necessarily translate to cooking actual meals in households, and thus the accuracy of this 

method is frequently called into question. Meanwhile, CCT demonstrates what is possible 

under ideal conditions, but not necessarily what occurs under daily use (Bailis, 2004, Bailis, 

Smith, et al., 2007). 

The Kitchen Performance Test (KPT) is the principal field based procedure to measure 

household fuel consumption. The primary objective of the KPT is to quantify fuel 

consumption under typical household and stove usage conditions (Bailis et al., 2018).  

In this study KPT method was used to estimate the actual daily household cooking result and 

to identify problem with stove in real household condition followed (VITA, 1985). 
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3.4.2 Focus Group Discussion 

In this study, focus group discussion which has eight members were conducted by following  

Bloor et al., (2001) and Finch and Lewis, (2003) whose reported that, optimum size for a 

focus group discussion ranges from six to eight members. 

During  focus group discussion information about problems and consequences of fuel-wood 

scarcity; barriers to adoption of improved cook stove technology, opportunities available for 

further dissemination of the improved cook stove technology, and also disadvantage of using 

improved cook stove as compared to traditional cook stove was discussed. 

3.4.3 Procedure for fuel-wood consumption measurement 

For implementation of KPT, Bailis et al., (2018) stated that, the KPT can be done by 

comparing fuel consumption in two or more groups of families for a period of 3–7 days, with 

one group using the traditional stove and the other groups using the improved stoves. This is a 

cross-sectional study, in which two groups of households, one using the old stove and one 

using the new stove, are compared at the same time. 

In this study, for KPT data collection, cross-sectional approach which used to collect data of 

fuel-wood consumption from two separate groups of families using ICS and TCS was 

conducted. For each improved cook stove and traditional cook stove user group, average per 

capita fuel-wood consumption was compared for eight days from SAE.  

Moisture content is generally in the range of 20% - 25% for dense hard woods and 15% - 20% 

for soft woods and low density hard woods (Richard 2007).  Since stove was tested in real 

household condition the wood used in this test was air dried which is dried by exposure to the 

air out door and moisture content is 15% -20%. 
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To minimizing the variation in influencing factors the same fuel-wood (Maesa lanceolata) for 

both ICS and TCS was used.  

Each participant household was asked to prepare enough fuel-wood which was selected for 

testing purpose. 

On the first day of the study, the initial weight of fuel-wood for each household was weighted 

and they reminded to use only weighted wood, as they use weighed fuel-wood for only injera 

baking on mirt stove and TCS according to their selection, also they are requested as they 

store in dry area. Number of people that eat their meals, gender and age of each person since 

the last day was recorded to calculate standard adult equivalent (SAE). On days two up to 

eight, the remaining fuel-wood’s was weighted, and if the remaining fuel-wood was not 

sufficient for the next day, extra fuel-wood was measured and added to the remaining fuel-

wood also number of people that eat the meal was recorded for all day. All data were recorded 

on KPT daily data forms during the study period.  

During field test, both ICS and TCS were evaluated quantitatively and qualitatively. 

Qualitative assessment was based interview related to factors affecting adoption of ICS and 

problem related with using ICS.   

The results from KPT were expressed in terms of standard adult equivalent (SAE) in terms of, 

sex and age as the following (Table 2). 
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Table 2: Shows Standard adult equivalent (SAE) factors in terms of sex and age 

          Gender and age     Fraction of standard adult equivalent 

Child:0-14 years 0.5 

Female: over 14 years 0.8 

Male: 15-59 years 1 

  

                                               Source: FAO, 2003 

The amount of fuel-wood consumed per day for both ICS and traditional stove was measured 

by improved Balance.  

3.5 Method of data analysis 

The data obtained from KPT was summarized by using Microsoft office excel spreadsheet and 

Statistical Package for Social Studies (SPSS) version 20. 

Data gathered through questionnaire was analyzed using binary logistic regression and 

descriptive statics  

3.5.1 Estimating fuel-wood saved due to using ICS 

The approach using the KPT is simply subtracts the quantity of woody biomass used by 

improved cook stove users from the amount of biomass used by traditional cook stove users. 

To determine significant different in mean per capita consumption of fuel-wood households 

used TCS and ICS, independent t-test were used. 
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The quantification of emission reductions relies on the factor fuel saved representing the 

quantity of woody biomass that is saved or reduced by the project activities (UNFCCC, 2012). 

3.5.2 Estimating reduction of carbon-dioxide emissions from ICS 

The contribution of using ICS in reducing carbon-dioxide emission was estimated based on 

efficiency of fuel-wood saving per standard adult equivalent of households using ICS. 

Lee et al. (2013) suggested that, the use of a weighted average value of 81.6ton of carbon-

dioxide per tera joule, representing emission factor of fuel-wood.   

The contribution of fuel-wood conservation to reduced forest degradation and therefore fewer 

carbon emissions depends on the nature of fuel-wood harvest (Johnson et al. 2009; Lee et al. 

2013). A key parameter is therefore the fraction of woody biomass used that can be 

established as non-renewable biomass (UNFCCC 2012).  

The calculation was done based on clean development mechanism and United Nation's frame 

work of Convention on Climate Change (CDM and UNFCCC, 2013), using formula: 

ERy   = By * f NRB, y * NCV biomass * EF fuel-wood …………………………… (2) 

Where: ERy = Emissions reductions during year y in ton of carbon-dioxide equivalent  

By, = Annual fuel-wood saved per ICS in tons 

fNRB,y = Fraction of woody biomass saved by the ICS in year y that can be established as non-

renewable biomass  

NCV = Net calorific value of non-renewable biomass. 

EF fuel-wood = Emission factor for substitution of other fuel by similar users.  
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Table 3: Shows Default values of parameters used for calculating reduction of carbon-dioxide 

emission by using ICS 

Parameter Value Source  

Net caloric value of fuel-wood  0.015TJ/ton IPCC, 2006 

Emission factor of fuel-wood 81.6 tCO2/TJ UNFCCC, 2013 

Fraction of non renewable biomass 88% UNFCCC, 2012 

   

3.6 Analysis of determinants of adoption of improved cook stove 

Adoption in this study is dependant variable defined as willingness to accept and use of 

improved cook stove technology. 

The qualitative dependant variable is adoption which takes 1 if household adopt improved 

cook stove and 0 if household not adopt improved cook stove technology. 

According to Cramer, (2003), Leech et al., (2005), logistic regression is a probability 

estimation model applied when the dependent variable is binary (dummy variable) and the 

independent variable is in any form of measurement scale.                 

The binary logistic prediction equation is: 

Pi= 
1

1+𝑒−𝑧𝑖
………………………………………………………………………………… (3) 

Where Pi is the probability of improved cook stove being “adopt” and Zi is odd ratio which is 

the probability of improved cook stove adopt or not and e is base of natural logarithm  

The probability that household being adopt improved cook stove was interpreted from the 

odds ratio, which can be written as:   



28 
 

 𝑒𝑧𝑖 =
𝑃𝑖

1−𝑃𝑖
=

1+𝑒𝑧𝑖

1+𝑒−𝑧𝑖
  ----------------------------------------------------------------------------- (4) 

Linear function of explanatory variable (Xi) and expressed as: 

𝑍𝑖 = 𝛽𝑜 + ∑ 𝛽𝑖𝑋𝑖 + 𝜇𝑖  ------------------------------------------------------------------------------- (5) 

Where, β0 = intercept, which is the estimation of probability of adoption of improved cook 

stove, when X=0, βi = coefficient associated with explanatory variable, xi is independent 

variables, 𝜇𝑖  = error term.  In this case, X1= Age, X2= Sex, X3= Education level, X4= 

Family size, X5= level of income, X6= separate kitchen, 𝜇𝑖 error term.  

Table 4: Shows description of explanatory variables for ICS technology adoption model 

Variable Type  Description  

AGE Continuous  Age of household head in years 

SEX Binary  Sex of household head (1= male, 2= female) 

LEVLEDU Continuous  Household head’s educational level in year of 

schooling (0=illiterate, 1=primary, 2= secondary, 3= 

collage and above) 

FAMILY SIZE Continuous  Total number of people in the household 

LEVLINCOME Continuous  Income of household per year in birr. 

HVINGSEPKITC Binary  Presence or absence of separate kitchen(1= presence, 

0= absence) 
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4. RESULTS  

4.1 Socio-economic characteristics of the households  

Table 5: Shows Socio-economic characteristics of the respondents 

Socio-economic characteristics of 

the respondents 

Frequency  Percent  Mean  Standard 

deviation 

Sex  Male  163 85.3  

1.14 

 

0.35 Female  28 14.7 

Education 

level 

Illiterate  80 41.9  

 

1.088 

 

 

1.14 

Primary school 52 27.2 

Secondary school 22 11.5 

Above 12 grade 37 19.4 

                                      Source: survey data (2019) 

 

4.2 Types and sources of energy 

The most common type of energy used by households for various purposes in the study area is 

fuel-wood (85 %) and 15 % use both (mixing) of crop residue and fuel-wood (standard 

deviation = 0.358.) 

The primary source of fuel-wood in the study area is forest (85 %), (12%) from their own 

plantation either home garden or wood lot and 3% from crop residue. 

The following table shows types of fuel-wood species used in the study area  
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Table 6: Shows type of species fuel-wood used in the studied area 

Species type Number of household used Percent 

Vernoia amygdalina 63 33 

Vernonia auriulifera 50 26.2 

Maesa lanceolata 36 81.8 

Eucalyptus 23 12 

Croton macrostachyus 19 10 

                                                     Standard deviation = 1.354 

                                   Source: survey data (2019) 

4.3 Types of stoves used in the study area 

Improved cook stoves were not common in the study area prior to facilitation by the 

association of NGOs working on sustainable land management program (SLMP) in the study 

area.  

Table 7: Shows types and end use of stoves 

End use  Type of stove Number of users Percent 

Baking injera ICS 

Traditional enclosed 

TCS 

53 

5 

133 

27.7 

2.6 

69.6 

Baking bread TCS 186 97.4 

 Traditional enclosed 5 2.6 

Coffee and Tea TCS 184 96.3 

 Metal stove charcoal  7 3.7 

    

                                                       Source: own data, (2019) 
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Table 8: Shows daily fuel-wood consumption of traditional and improved cook stove per 

capita day and annually 

Stove type Daily average per capita fuel-

wood consumed 

Annual average per capita 

fuel-wood consumed  

 

Using the TCS       1.199 kg   437.6 kg  

Using the ICS 0.686 kg 250.39 kg 

Saving of per capita using ICS 0.513 kg 187.21 kg 

 

          Source: field test data (2019) 

4.4 Emission reduced due to use of ICS 

The result shows that improved cook stove has the potential to reduce carbon-dioxide 

compared to traditional open fire. Accordingly, from 0.18721 ton of fuel-wood saved, 0.86 ton 

carbon dioxide equivalent per capita per year was saved  

4.3 Factor influencing household adoption of ICS 

The result shows that, from explanatory variables taken (sex, age, family size, education level, 

having separate kitchen, income level and education level) three variables namely family size, 

education level and income level of the household were significantly influence the adoption of 

improved cook stove in the study area. 
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5. DISCUSSIONS 

5.1 Fuel-wood saved due to ICS 

The KPT results reported in this study showed that per capita the consumption of fuel-wood 

with TCS was 1.199 kg (SD = 0.218) per day per standard adult equivalent while using ICS 

consumed 0.686 kg (SD = 0.117) of firewood per day per standard adult equivalent for baking 

injera. The amount of fuel-wood saved per capita per day from using of ICS is 0.513kg per 

standard adult equivalent. Annually improved cook stove consume 250.39 kg and traditional 

improved cook stove consume 437.6 kg per standard adult equivalent per stove. This shows 

ICS has potential of fuel-wood saving compared to TCS. The use of ICS resulted in fuel-wood 

saving of 42.7% as compared to TCS for baking injera. This was equivalent to annual per 

capita fuel-wood saving of 187.2 kg per stove. According to, MacCarty et al., (2010), 

Hoffmann et al., (2015) the results of improved cook stove performance with regard to fuel-

wood consumption depend on the type of stove constructed. Generally, stoves optimizing fuel 

efficiency are cited to use between 29% and 61% less fuel-wood than TCS (Jetter and Kariher 

2009, Garland et al., 2015). Never the less findings of this study can be compared to test 

results from another studies. The result observed in this study was consistency with the result 

of a controlled cooking test (9 tests for ICS and 5 tests for TCS) conducted in southern 

Ethiopia by Dresen et al., (2014) where firewood savings of 40% had been reported.  Also this 

result is line with Thakuri (2009) who estimated based on observational data, ICS use 42% 

less wood than traditional stoves.  

The result reported in this study is also consistent with MacCarty et al., (2010) who conducted 

a WBT with a two pot rocket stove and showed that compared to TCS, the two pot rocket 

stove consumed approximately 45% less firewood. Also this result is comparable with Fikadu, 

et al., (2019) who reported using mirt stove save 48% in southern Ethiopia. 
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Also Hoffmann et al (2016) reported that using improved cook stove reduces fuel-wood by 

40%.  However, the result observed in this study was higher than the result of controlled 

cooking experiments conducted by World Food Program WFP (2013) in which reported that 

energy saving stoves saved between 30% - 40% of the fuel-wood. Similarly Gizachew and 

Tolera (2018) reported saving of 33% from KPT in Bale Eco-region of the south east Ethiopia. 

Such difference between controlled tests and performances under real household condition is 

expected (Bailis et al. 2007, Berrueta, et al. 2008). The difference can attributed to the fact 

that, our study conducted at different agro-ecology and type of fuel-wood used in our test was 

different. The different agro-ecologies have different climate and different vegetation type and 

consume different amount of fuel-wood (Khuman et al. 2011, Bunafsha et al. 2014). Also 

Johnson et al. (2009), Lee and Chandler (2013) sate that, different stove designs and different 

site conditions result in different performance figures for ICSs. 

5.2 Emissions reduction in carbon-dioxide equivalent (CO2e) 

This study revealed that, using ICS has contribution in reducing carbon-dioxide compared to 

TCS.  The average fuel-wood saving of 187.2 kg per capita per year reported in this study 

corresponds to 0.2 tons of carbon-dioxide equivalent per each ICS per capita per year. With 

the average household size (measured in SAEs) of 4.27, this could lead to an annual emission 

reduction of 0.86 tons of carbon-dioxide equivalent per ICS user.  

In the studied area according to focus group discussion report and field observation, there is 

technical problem related to construction of chimney part mirt stove. Accordingly since riser 

part of chimney was break down all respondents reported that they did not using chimney of 

mirt stove. However according to Dresen et al. (2014), an additional fuel-wood saving of 
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about 9% can be achieved from the boiling and cooking activities that can be done 

simultaneously with baking injera or bread. 

5.3 Factors affecting adoption of improved cook stove  

In this study as the binary logistic regression model revealed, having a larger family size, 

education level of household head and income level positively and significantly affect 

adoption of ICS P < 0.05 (Table 5). 

With regard to model fitness, the variation in the adoption of improved cook stove by 

household or variation independent variable is explained 58.2% (R2) by independent variables 

used in the model.  

Probability of adoption of ICS increase with family sizes, educational level and income level 

of households (OR= 1.543 and 11.214, 1.002) respectively (Table 5).  

  This study revealed that, having larger family size is positively associated with adoption of 

improved cook stove, which implies the important role that could be played by the availability 

of family labor (number of adults in the household). This finding is line with (Balew et al. 

2014), who report that, larger family might divert part of its labor into economic activities to 

generate additional income.  

The result show that, educational level of household heads improved cook stove users are 

class of; 2 (1%) are from illiterate, 2 (1%)   are from primary school, 14 (7.3%) are from 

secondary school and 35 (18.3%) are from any collage and above. In terms of non users; 78 

(40.8%) are illiterate, 50 (26.2%) are primary school, 8 (4.2%) are secondary school, 2 (1%) 

are collage and above. This shows that, those high level of education are more adopters of 

ICS. 
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The binary logistic also showed that (Table 9), education of household heads level is 

significantly associated with households' decision to adopt ICS P < 0.05 which implies that, as 

level of education increase having information about new technology also increase. Hence, in 

this study having higher education level of households has a higher probability of using 

improved stoves. This is related to access to full package of information about the 

technologies (Beyene and Koch, 2013; Inayatullah, 2011) 

In this study, household income level were found to be positively significant in determining 

the probability of improved cook stove adoption at p<0.05 (Table 9). Which means that higher 

income household can afford advance payment for ICS. Lewis et al (2011) suggests that high 

use of ICS cannot be assumed even when stoves are highly subsidized or given free of charge. 

Table 9: Shows binary logistic model result (determinants of fuel efficient stove adoption) 

   

Variables B S.E. Wald Df Sig. Exp(B)   

 Age -.078 .041 3.541 1 .060 .925   

Sex -.066 1.443 .002 1 .964 .937   

Family size .434 .220 3.909 1 .048 1.543   

Education level 2.417 .511 22.375 1 .000 11.214   

Having separate 

kitchen 

-

17.56 

9279.18 .000 1 .998 .000   

Income level .002 .001 14.810 1 .000 1.002   

Constant 10.27 9279.186 .000 1 .999 29107   

       n=191   R2= 0.582          Log likelihood= 59.182            sig. 0.000 

                  

Source: statistical result from survey data (2019) 

5.4 Limitation and opportunities to use improved cook stove 

Report from focal group discussion revealed that, compared to TCS, ICS has some problem 

like; stoves can’t be used for space heating; the stove is too heavy to carry if it needs to be 
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transported for repair and the stoves don’t allow enough workspace for the cook and stove 

takes space where fuel-wood will be stored 

Gill, (1985) also state that other improved cook stoves are mobile, but ICS can only be moved 

with assistance creating a disadvantage for users. With three-stones, women can easily move 

their cooking location to reduce smoke and utilize the wind for the fire.  
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6. CONCLUSION  

This study presented results on the fuel-wood and emission reduction potential of ICS 

(specifically called mirt stove), and determinants of its adoption.  

The prominent source of fuel in the study area is wood and the sources of fuel-wood are from 

forest and household own plantation either home garden or wood lots. 

The findings from this study show that there is differential emission and fuel use saving 

performance among cook stoves. The average firewood saving of 187.2 kg per capita reported 

in this study corresponds to 0.2 tons of carbon-dioxide equivalent per each ICS per capita per 

year. With the average household size (measured in standard adult equivalent) of 4.27, this 

could lead to an annual emission reduction of 0.86 tons of carbon-dioxide equivalent per ICS 

user. 

Generally, the use of ICS was found to lead to fuel-wood savings of 42.7% for injera baking in 

the study area.  

The result of this study show that; income, education level of house-hold and family size 

positively and significantly influence house-holds’ decision to adopt ICS. 
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7. RECOMMENDATION 

Based on the major findings of the study, the following plausible recommendations have been 

forwarded: 

✓ In order to effectively utilize the ICS in the study area, there is need to look at family 

size, level of income and education level of household as they determine the adoption 

of the ICS the area.  

✓ The awareness campaign should be enhanced to raising the population on the benefit 

of ICS through existing channels of communication and capacity building and active 

attendance of government could extend the ICS.  

✓ The use of ICS can be integrated in clean development strategies mainly in the studied 

area where biomass play major role as an energy role; hence, to increase dissemination 

of ICS governments and organizations which support stove projects may offer 

subsidies to make stoves more affordable. 
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 9. APPENDIX 

Appendices1: Household survey questionnaire  

Woreda …………………………interviewer’s Name …………………….. 

Kebele ……………………………Date of interview …………………….. 

Code of sampled household …………interview starting time………… End time……. 

Dear Respondents, 

 I am from Hawassa University Wando genet collage of forestry and natural resource, I am 

researcher and I went to ask some question regarding my finding. The main purpose of this 

interview questionnaire is to acquire information relevant for a research entitled “Potential of 

ICS in reducing fuel-wood consumption and carbon-dioxide emission”. The research outcome 

is expected to be helpful for the identification of household traditional cook stove user 

consumption per day as compared to ICS and environment related interventions. Therefore, 
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your genuine answer to the interview questionnaire is a necessary condition for the reliability 

of this research outputs. The information is meant only for academic purpose. The responses 

you give will not have a negative impact on anybody. I honestly assure you that your personal 

information will be kept confidentially. Hence, just feel free to provide the correct answer. 

Thank for your responsible cooperation in advance!!! 

1. What is your position? 

1. Household head   (   )          2. Spouse (    ).         3. Son (     ) 

      4. Daughter  (    )               5. Parent   (    ) 

2) Gender of the respondent          1. Male   (  )            2. Female (  ) 

3). what is your age in years? ________________ 

4). Marital status     1. Married          (  ) 2. Single           (  ) 3. Widow                        (  ) 

 5).What is highest level education of household?  

          1. Illiterate   ( )                2. Primary            ( ) 

        3. Secondary       ( )       4. College               ( )                   5. University   ( ) 

6) What is main occupation? 1. Farming-crops      ( )        2. Livestock keeping       ( )   

3. Business              ( )         4. Salaried                         ( )     5 Casual work                  ( )  

6. Others (specify)…………………………………………………..  

Household characteristics and Demographics 

7) What is the type of this household headship? 
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1. Male headed               ( )                  2. Female headed            ( ) 

 3. Child headed            ( )                    4. Separated/Divorced       (  ) 

8) How many members are there in this household? 

9) What is the source of the household income? 

Income source 

 1. Farming-crops     (  )                                2. Livestock keeping              (  )               

3. Business              (   )                                4. Salaried employment        (    )                       

5. Pension         ( )             6. Other specify_______________________________________ 

No  Income source Monthly Income range 

1   

2   

3   

4   

5   

6   

7   

 

10. What is Source of fuel-wood? 

 1. Forest ( )      2. Crop residue ( ).              3. Others Specify_____________________ 

No  Type of fuel Source  
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12. Do you ever face fuel shortages? 1)  Yes          ( ) 2). No            ( ) 

13) If yes, for which fuel types? 

1.                             2. 

15. Have you ever heard about improved cook stove? 

1)   Yes    (    )                   2)    No     (   ) 

16. If yes why do you have improved cook stove? 1. yes      2   no (   ) 

Why do you like using ICS? 

1.      Readily available      ( ) 2.        Affordable    (  )              

 (3) Easy to use            ( )       4.         No other alternative                     ( ) 

5.        Others 

(specify)……………………………………………………………………………..       

18 have you separate kitchen 1. Yes   (  )   2 no (    )      

19 if yes is it have enough space for ICS   1. Yes (   )   2. No   (  ) 

17. Why don’t you invest on improved cook stove?  

1)          Have no enough money 

 2)          I don’t want to invest this much money 
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 3)         I have enough fuel-wood my surrounding 

4)          I don’t have enough information about improved cook stove 

5)       Other, specify…………………………………………………………................... 

…………………………………………………………………………………………….. 

18. Are you interested to build the ICS if you get the money in credit from credit associations? 

1. Yes    (   )           2)   No      (   ) 

19. Why do you like using the traditional cook stove?  

1. Readily available   ( )               2.  Cheap               ( ) 

3.  Easy to use      ( )    4.  No other alternative   ( ) 

5) Others (specify) ……………………………………………….. 

20. Do you know of other biomass fuels? 1. Yes      (  )                 2. No            (   ) 

21. If yes, which ones? 

…………………………………………………………………………………………… 

……………………………………………………………………………………………. 

22. Why don’t you currently use them? 

…………………………………………………………………………………….. 

……………………………………………………………………………………. 

23. Which types of stove you use for the following purpose? 



59 
 

No   Type of 

stove 

Baking injera Baking bread Boiling coffee For others (if any) 

1      

2      

3      

4      

 

27. How do you look the price of stove? 

1) Low    2) middle 3) high   4) very high 

Focused Group Questions  

1. What do you think about advantage & disadvantage of cooking with ICS and TCS??  

2. Do you think ICS has disadvantage as compared to traditional cook stove 

3. Do you think ICS have impact on traditional food preparation? 

4. Do you think reduction of indoor smoke due to ICS have impact? (Like, house heating 

during cold condition and other) 

5.  Do you think sitting constant place of ICS have impact? 

6. What do you think about size of ICS on enjera baking does have impact? 

7. Are you looking for an alternative for the current fuel you are using? 

8. What is the biggest barrier for buying an improved cook stove? 

 (1) High investment cost of stove  

(2) Scarcity of budget 
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9. Why do you think people would use improved cook stoves if money weren’t an issue? 

10. Why are you using more than one fuel at the same time? Why don’t you fully switch?  

11. Are there any cultural reasons behind that? What foods do you always cook using 

charcoal, firewood?  

12. Are there any enjera that cannot be baked using ICS? 

13. Are people willing to switch to other biomass fuels? Reasons for No and Yes  

14. Are people able to switch to other biomass fuels? Reasons for No and Yes  

15. Are people willing to switch to improved stoves using same biomass fuel? Reasons for No 

and Yes 

16. Are people able to switch to improved stoves using same biomass fuel? Reasons for No 

and Yes 

17. Why would you be interested in ICS? 

18. Which ICS are being promoted in this area? By who 

19. If an alternative would arise (ICS) would we have to target women or men? Who makes 

the financial decisions? 

20. Do you have any other comments, questions, ideas you want to add before we finish the 

interview? 
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Appendices 2: Daily KPT result  

                                                                                         HH size of ICS users      

        

                                              No of Adult equivalent      
 No of 

HH    Day 1 Day 2       Day 3    Day 4 

                          

Day 5 

              

Day 6 Day 7 

              

Day 8                          Avg. Per capita 

1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 

2 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 

3 5.3 5.3 4.3 3.3 3.3 3.3 3.3 2.3 3.8 

4 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 

5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

6 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 

7 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 

8 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 

9 4.6 3.6 3.6 4.6 4.6 4.6 4.6 4.6 4.35 

10 4.8 4.8 3.8 3.8 3.8 3.8 4.8 4.8                              4 .3 

11 5.6 5.6 5.6 5.6 5.6 4.6 5.6 3.6                              5.25                                                    

12 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 

13 5.9 5.9 3.9 3.9 3.9 3.9 5.9 5.9 4.9 

14 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 

15 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 

16 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 

17 7.2 7.2 5.2 5.2 5.2 5.2 7.2 7.2 6.2 

18 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 

19 6.2 6.2 6.2 5.2 5.2 5.2 5.2 6.2 5.7 

20 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 

21 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 

22 4.9 4.9 3.3 3.3 3.3 3.3 4.9 4.9 4.1 

23 5.9 5.9 5.9 4.3 4.3 4.3 5.9 5.9 5.3 

24 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 

25 5.4 5.4 3.4 3.4 3.4 3.4 3.4 3.4 3.9 

26 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 

27 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 

28 4.8 3.8 4.8 3.8 3.8 3.8 4.8 4.8 4.3 

29 4.6 4.6 4.6 4.6 2.8 2.8 4.6 4.6 4.15 

30 6.9 4.9 5.9 5.9 4.9 4.9 6.9 6.9 5.9 

         4.2775 
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Per Capita wood consumed (Kg), ICS 

user      

Average per capita wood 

consumed per SAE 

day 1 day 2 day 3 day 4 day5 day6 day 7 day 8   

0.3921569 0.5882353 0.5882353 0.3921569 0.5882353 0.5882353 0.3921569 0.5882353 0.5147059  

0.4878049 0.7317073 0.4878049 0.2439024 0.4878049 0.7317073 0.4878049 0.7317073 0.5487805  

0.5660377 0.3773585 0.6976744 0.9090909 0.9090909 0.6060606 0.3030303 0.8695652 0.6547386  

0.3030303 0.6060606 0.3030303 0.6060606 0.6060606 0.6060606 0.6060606 0.3030303 0.4924242  

0.8 0.8 1.2 0.4 0.8 0.8 1.2 0.4 0.8  

0.3571429 0.7142857 0.7142857 0.3571429 0.3571429 0.7142857 0.7142857 0.3571429 0.5357143  

1.0714286 0.7142857 0.7142857 0.7142857 1.0714286 0.7142857 0.7142857 0.3571429 0.7589286  

0.8333333 0.5555556 0.5555556 0.8333333 0.8333333 0.5555556 0.5555556 0.5555556 0.6597222  

0.8695652 1.1111111 0.8333333 0.6521739 0.8695652 0.6521739 0.4347826 0.6521739 0.7593599  

0.8333333 1.0416667 0.7894737 0.7894737 0.7894737 1.0526316 0.8333333 0.8333333 0.8703399  

0.7142857 0.8928571 0.8928571 0.7142857 0.7142857 0.6521739 0.8928571 0.8333333 0.788367  

0.7317073 0.9756098 0.9756098 0.7317073 0.7317073 0.9756098 0.9756098 0.7317073 0.8536585  

0.6779661 0.6779661 0.7692308 0.7692308 0.7692308 0.7692308 0.6779661 0.6779661 0.7235984  

0.8695652 1.0869565 0.8695652 0.6521739 0.6521739 0.6521739 0.8695652 0.8695652 0.8152174  

0.9615385 0.9615385 0.7692308 0.7692308 0.9615385 0.9615385 0.9615385 0.7692308 0.8894231  

0.7317073 0.4878049 0.4878049 0.4878049 0.4878049 0.7317073 0.4878049 0.7317073 0.5792683  

0.8333333 0.8333333 0.9615385 0.9615385 0.7692308 0.9615385 0.9722222 0.9722222 0.9081197  

0.7692308 0.5128205 0.5128205 0.7692308 0.7692308 0.5128205 0.5128205 0.7692308 0.6410256  

0.8064516 0.6451613 0.6451613 0.7692308 0.7692308 0.7692308 0.9615385 0.8064516 0.7715571  

0.6557377 0.6557377 0.8196721 0.6557377 0.6557377 0.8196721 0.6557377 0.6557377 0.6967213  

0.5263158 0.5263158 0.5263158 0.7894737 0.7894737 0.5263158 0.5263158 0.7894737 0.625  

0.6122449 0.8163265 0.6060606 0.6060606 0.6060606 0.6060606 0.6122449 0.6122449 0.634663  

0.6779661 0.6779661 0.8474576 0.6976744 0.6976744 0.9302326 0.5084746 0.6779661 0.7144265  

0.6060606 0.3030303 0.6060606 0.6060606 0.6060606 0.3030303 0.6060606 0.6060606 0.530303  

0.7407407 0.7407407 0.5882353 0.5882353 0.5882353 0.5882353 0.5882353 0.5882353 0.6263617  

0.9090909 0.3030303 0.9090909 0.3030303 0.6060606 0.6060606 0.6060606 0.6060606 0.6060606  

0.5555556 0.5555556 0.8333333 0.8333333 0.5555556 0.5555556 0.8333333 0.5555556 0.6597222  

0.625 0.7894737 0.625 0.2631579 0.5263158 0.5263158 0.4166667 0.625 0.5496162  

0.6521739 0.6521739 0.4347826 0.6521739 0.7142857 0.7142857 0.6521739 0.6521739 0.640528  

0.7246377 0.6122449 1.0169492 0.6779661 0.6122449 0.8163265 0.5797101 0.7246377 0.7205896  

0.6965048 0.6982303 0.7193485 0.6398319 0.6964758 0.6999704 0.6712744 0.6634149 0.6856314  
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No. of Adult 

Equivalent of TCS 

users    

HH No Day 1 Day 2 Day 3 Day 4        Day 5   Day 6       Day 7 Day 8 Avg. No of SAE 

1 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 

2 4.1 4.1 3.1 3.1 3.1 3.1 3.1 3.1 3.35 

3 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 

4 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 

5 5.4 5.4 2.8 2.8 2.8 2.8 2.8 5.4 3.75 

6 4.6 4.6 4.6 4.6 3.6 3.6 3.6 4.6 4.25 

7 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 

8 3.8 3.8 3.8 3.8 3.8 2.8 2.8 2.8 3.425 

9 5.6 5.6 5.6 5.6 4.6 4.6 4.6 5.6 5.25 

10 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 

11 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 

12 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 

13 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 

14 5.9 5.9 5.9 3.9 3.9 3.9 3.9 5.9 4.9 

15 6.4 6.4 5.4 5.4 5.4 5.4 5.4 6.4 5.775 

16 5.6 5.6 5.6 3.6 3.6 3.6 3.6 5.6 4.6 

17 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 

18 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 

19 5.4 5.4 2.8 2.8 2.8 2.8 2.8 5.4 3.775 

20 4.2 4.2 4.2 4.2            4.2 4.2 4.2 4.2 4.2 

21 4.6 3.6 4.6 4.6 3.6 3.6 4.6 4.6 4.225 

22 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 

23 5.4 5.4 2.8 2.8 2.8 2.8 5.4 5.4 4.1 

24 5.4 5.4 5.4 4.4 5.4 4.4 4.4 5.4 5.025 

25 7.1 5.1 7.1 7.1 7.1 5.1 4.1 4.1 5.85 

26 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 

27 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 

28 4.4 5.4 4.4 4.4 5.4 5.4 5.4 5.4 5.025 

29 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 

30 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 

31 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 

32 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 
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33 3.8 4.8 4.8 2.8 4.8 4.8 4.8 4.8 4.425 

34 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 

35 4.9 4.9 3.3 3.3 3.3 3.3 3.3 4.9 3.9 

Average 4.43429 4.40571 4.13714 3.93714 3.96571 3.85143 3.92571 4.34857 4.12571 

  

 
 

         

  Per capita fuel-wood consumed (Kg) of TCS user     
                            
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8    Avg. per capita per (SAE) 

1.11111 1.11111 1.11111 1.11111 1.11111 1.11111 1.11111 1.11111 1.11111  

0.97561 0.97561 0.96774 0.96774 0.64516 1.29032 0.64516 0.96774 0.92939  

1.53846 1.53846 2.30769 1.53846 1.92308 1.15385 1.53846 1.53846 1.63462  

1.07143 1.07143 1.42857 1.78571 1.07143 1.07143 1.42857 1.42857 1.29464  

1.2963 1.11111 1.42857 1.78571 1.42857 1.42857 1.78571 1.2963 1.44511  

1.52174 0.86957 0.86957 0.86957 0.83333 0.83333 1.11111 1.52174 1.05374  

1.15385 1.15385 0.96154 0.96154 1.15385 1.15385 1.15385 0.76923 1.05769  

1.31579 1.31579 1.05263 1.05263 1.31579 1.07143 1.07143 1.42857 1.20301  

1.42857 0.89286 1.25 1.25 1.30435 1.52174 1.52174 1.42857 1.32473  

1.13636 1.36364 1.13636 1.36364 1.36364 1.13636 1.13636 1.36364 1.25  

1.39535 1.16279 1.16279 1.16279 1.39535 1.16279 1.16279 1.39535 1.25  

1.21212 1.51515 0.90909 1.21212 1.21212 1.51515 0.90909 1.21212 1.21212  

1.21951 0.97561 0.97561 1.21951 0.97561 0.97561 0.97561 0.97561 1.03659  

1.18644 1.18644 1.35593 1.28205 1.02564 1.28205 1.02564 1.18644 1.19133  

1.25 1.09375 0.92593 1.11111 1.11111 1.2963 1.11111 1.25 1.14366  

1.25 1.42857 1.07143 1.11111 1.11111 1.11111 1.11111 1.25 1.18056  

1.35593 1.35593 1.18644 1.18644 1.35593 1.01695 1.35593 1.18644 1.25  

1.42857 1.07143 1.07143 1.42857 1.42857 1.78571 0.71429 1.07143 1.25  

1.48148 1.11111 1.78571 1.07143 1.42857 1.42857 1.07143 1.11111 1.31118  

1.19048 0.95238 0.95238 0.95238 1.19048 0.95238 1.19048 1.19048 1.07143  

1.30435 1.38889 0.86957 0.86957 1.38889 0.83333 1.08696 1.08696 1.10356  

1.42857 1.42857 1.07143 1.07143 1.78571 1.07143 1.07143 1.07143 1.25  

1.2963 1.11111 1.07143 1.07143 1.42857 1.07143 0.74074 0.92593 1.08962  

1.2963 1.38889 1.11111 1.81818 0.92593 1.81818 0.90909 1.11111 1.29735  

1.26761 1.56863 1.12676 1.26761 0.98592 1.37255 1.70732 1.70732 1.37546  

1.08696 1.08696 1.30435 1.19565 1.30435 1.30435 1.30435 1.08696 1.20924  

1.21951 0.73171 1.46341 1.21951 1.21951 1.21951 1.21951 0.97561 1.15854  

1.59091 0.92593 1.36364 1.13636 1.2963 1.11111 0.92593 0.92593 1.15951  

1.17647 1.56863 0.78431 1.37255 0.98039 1.17647 1.17647 1.17647 1.17647  

1.51515 0.90909 1.21212 1.21212 1.51515 0.90909 1.21212 1.21212 1.21212  

1.25 0.9375 1.40625 0.625 1.25 1.40625 0.9375 1.25 1.13281  

1.59091 0.68182 1.13636 1.13636 1.59091 0.68182 1.13636 1.13636 1.13636  

1.05263 1.04167 1.25 1.07143 1.35417 1.04167 1.25 1.25 1.16395  

1.51515 0.90909 1.21212 1.21212 1.21212 0.90909 0.90909 1.51515 1.17424  
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1.42857 1.02041 0.90909 1.21212 1.21212 1.06061 1.21212 0.81633 1.10892  

1.3011 1.14158 1.17721 1.19757 1.25242 1.17959 1.14086 1.19802 1.19854  
 

 


