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ABSTRACT

This study has been carried out in the Gamo Zone of Ethiopia with the aim of evaluating the
performance of household biomass cookstoves in actual field settings in kitchens. Both Tikikil
and Mirt cookstoves were distributed to 38 households to evaluate the daily fuelwood
consumption, PM2s emissions, and the overall usability of these stoves by comparing them to
the Choche cooking stoves which is practiced in the community by applying the newly
developed 1SO 19869:2019 field standard procedure. Data on daily fuelwood and energy
consumption, as well as user preferences, were collected through before-and-after surveys of
randomly selected households. Direct field examination of seven home-specific fuel use for
baking injera for three replication and monitoring PM2s emissions over 24 hour in 20
household kitchens using both Choche and the improved cookstoves (Tikikil and Mirt). The
cooking tests and kitchen performance assessments were carried out using Excel-based data
and calculation tools developed by the Shell Foundation. Descriptive statistics and paired t-
tests for mean differences were performed using SPSS software. The concentration of PM over

a 24-hour period in households was calculated using PICA software.

The study finds that, the mean daily fuel use for Choche cooking stove was 8.72 kg (SD =
2.26), and the mean daily fuel use for improved cook stoves was 5.80 kg (SD = 2.06). The
paired differences between the two means were 2.91 kg (SD = 2.65), which was statistically
significant (p < .001) ICS in this study reduced fuelwood use on average by 33.3%. A
household in the locality would emit, 5,858.9 kg and 3,898.89 kg CO2e per year from using
the Choche, and ICS (Tikikil and Mirt) stoves, respectively. The difference between the two
types of stoves in CO2 emissions is 1.96 metric tons per year per household. The mean specific
fuel consumption for Choche and Mirt stoves was 609.52 g/kg (SD= 65.83), and 444.95 g/kg
(SD=59.48), respectively. The mean total cooking time for Choche and Mirt stoves was 99.90
minutes (SD=4.51) and 95.47 minutes (SD=7.51), respectively, the paired differences between
the two cooking methods was 4.42 minutes (SD= 5.88). The average PM2 5 concentration with
the Chocho stove is 1102+408.6 pg/m?, while for Tikikil and Mirt stoves was 749.6+225.1
ug/m? | This figure is about 45 times and 30 times above the WHO 24-hour guideline of 25



pg/m? of household air pollution. The relative difference in mean between the two stove types

is 32.6 % emission reduction by Tikikil and Mirt stoves.

The performance of the Tikikil and Mirt improved cookstoves demonstrates their enhanced
efficiency compared to the Choche stove. As a result, these improved cookstoves have a
positive impact on better fuel utilization, reducing cooking time household health by reducing
exposure to indoor air pollution. The finding majorly suggests that further studies need to be
conducted in depth on the traditional cooking practice of the rural community and try to engage
them in designing the alternative technologies, awareness creation should be in place for the
adoption of improved cookstoves and enhance collaborative efforts among the government,
non-government, and private sectors for the success of large-scale dissemination. In view of
this, important lessons could be drawn from this case study and local household cooking

practice for future interventions.

Key words: Choche, Mirt, Tikikil, Improved cookstove, Particulate Matter, Fuelwood
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CHAPTER ONE
INTRODUCTION

1.1 Background

Cooking is a fundamental and unique human activity that binds us as families, cultures, and
even religious communities. It is regarded as the pinnacle of art. However, it has become to be
extremely difficult to ensure that everyone has access to clean cooking energy in the twenty-
first century (WB, 2022). Sustainable Development Goal 7 calls for "ensuring affordable,
reliable, sustainable, and modern energy for all” by 2030. Cooking practices can also help
contribute to achieving for good health and well-being (SDG 3), gender equality (SDG 5),
sustainable cities and communities (SDG 11), and climate action (SDG 13) (UN, 2015). One-
third of the world's population uses biomass energy as a primary energy source with traditional
stoves that haven't progressed much since prehistoric times for their daily energy needs, and
more than three-quarters of all those without electricity live in Africa (WB et al., 2022).

People worldwide use various cookstoves and fuels for modern cooking, including biomass,
liquefied petroleum gas (LPG), piped natural gas (PNG), kerosene, bioethanol, charcoal, and
biogas (Afrane & Ntiamoah, 2011; Benka-Coker et al., 2018). Furthermore, electric, solar, and
induction cooking devices are used (Alem et al., 2013; Mekonnen & Hassen, 2019). In low-
and middle-income countries, open fires and inefficient stoves are regularly used; WHO
expects that in 2030, almost 2.4 billion people will still cook using solid fuels and kerosene as
their main fuel sources, without significant policy action, it is predicted that 2.1 billion people
will still not have access to clean technology and fuels (IEA, 2022a).

The ongoing use of traditional biomass fuels and stoves has a number of negative effects on
human health, the environment, and the quality of life (Beyene & Koch, 2013; Mekonnen &
Hassen, 2019). Traditional cookstoves that use biomass fuels incompletely produce high
amounts of household air pollution, including hazardous pollutants and tiny soot particles that
can inhale deeply (Tamire et al., 2021). Every year, 3.2 million people get illnesses that lead
to an early death as a result of HAP brought on by the incomplete combustion of biomass fuels
and kerosene used for cooking (WHO, 2022). Nearly 25 exajoules (EJ), or 830 Mtce, of



biomass were used in 2021, largely in developing countries in Africa and Asia, for traditional
cooking and heating, leaving nearly 2 billion people without access to clean cooking (IEA,
2022b).

Sub-Saharan Africans comprised the majority of the 568 million people or 77% of the total
population, who didn't have access to electricity and the 923 million who cooked using harmful
fuels in 2021(WB et al., 2022). At the beginning of 2020, Africa was already behind track to
meeting the Sustainable Development Goal (SDG) of having universal access to modern
energy by 2030 (SDG7), and the Covid-19 outbreak has further slowed progress (IEA, 20223).

In Ethiopia, households account for 92% of total energy average consumption per year (UNEP,
2019), Only 2.4% of households use a clean fuel stove solely, whereas 63.3% use a three-stone
as their main cooking appliance (Padam et al., 2018). Eight out of ten residents live in rural
areas with limited access to modern energy, forcing them to rely on traditional biomass energy
(fuelwood, charcoal, dung cakes and crop residue), as is characteristic in much of sub-Saharan
Africa. Over 90% of Ethiopia's energy needs are met by solid biomass fuel (Fekadu et al., 2021;
Guta, 2012a; IEA, 2019; Mondal et al., 2018; UNEP, 2019). Rural households use 0.79 tons
of fuelwood annually on average per person, mostly from nearby forests and farms (MWE,
2012).

As Improved cookstoves (ICS) have drawn a lot of attention as crucial intermediate
technologies (Jeuland & Pattanayak, 2012). Ethiopia has demonstrated a particularly
significant commitment to ICS dissemination by incorporating them in official strategy
documents because to the possible medium-term benefits (Kebede et al., 2022). By 2030, the
Climate Resilient Green Economy plan of Ethiopia (EPA, 2011), pledges to promote ICS that
will be used by around 20 million households and reduce emissions of greenhouse gases by
approximately 34.3 Mt CO2e. As one of the few strategic targets in the Ethiopian energy sector,
"reducing the demand for biomass by enhancing fuel efficiency"” is currently held in high
regard. According to a research conducted in rural Ethiopia by Dresen et al. (2014), households
that switched to ICS were able to cut down on the amount of fuelwood they used for cooking
by about 40%. This translates into an annual fuelwood savings of 1.28 tons per household.



Tikikil and Mirt cookstoves are the two most widely known and used cooking and baking
stoves in the country (Asfaw, 2011; Fekadu et al., 2021).

This study was carried out in the Gamo Zone of the SNNP-Region of Ethiopia to assess the
performance of household biomass cookstoves in actual field settings in kitchens. Tikikil and
Mirt cookstoves were disseminated to thirty eight households to evaluate the fuel wood
consumption on a daily basis, PM2s emissions in the household, and acceptability of the stove
by comparing it with the traditional cooking practices of the community. Cooking experiments
examined specific fuelwood usage, household air pollution of PM2s, and cooking time as
performance indicators. Home cooks were polled to learn more about their preferred stoves'
features and preferences, as well as their readiness to pay for ICSs.

1.2 Statement of the problem

Biomass fuels are currently Ethiopia's most widely used energy source, meeting 86 percent of
the nation's total energy demands. To prepare food and make coffee and tea, it is primarily
used in households as well as businesses. The energy demand from biomass has been gradually
increasing, from around 1260 PJ in 2009/2010 to just under 1600 PJ in 2019/2020 (MoWE,
2022). This substantial reliance on solid biomass fuels has accelerated the degradation of land
resources and deforestation, in addition to the rising domestic energy demand brought on by a
rapidly population growing of the country (Beyene & Koch, 2013).

The thermal efficiency of the biomass cookstove had benefits in terms of fuel wood savings.
The most common cooking and baking stove are in the country are the Tikikil and Mirt cooking
and baking stoves respectively; however, little is known about how these ICSs has impact on
the amount of fuelwood consumed by households (Wassie & Adaramola, 2021). And also their
widespread use has been restricted, and traditional cooking solutions still take priority in most

of the country’s households.

Additionally, few studies on nation's stove performance testing was carried out using the Water
Boiling Test, Controlled Cooking Test, and Kitchen Performance Test (Beyene et al., 2015;
Fekadu et al., 2021; Gebreegziabher et al., 2018), each of which had its own drawbacks

(Weinbaum, 2010). As a result, there is a significant knowledge gap regarding the real impact
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of ICSs when used in typical rural household settings, subject to numerous limiting
circumstances, for instance, the cooking practices of the community, the type of food they cook,
and baseline traditional cooking practices in the local area. As a result, ISO developed new test
protocols for the stove tests (ISO, 2019). Additionally, the joint effects of the Tikikil and Mirt
stoves on the actual in-field use of wood fuel (in kitchen) and the reduction of Particulate

Matter emission (PM2.5) were not assessed in comparison to the traditional cooking methods.

1.3 Objectives

1.3.1 General objective

The general objective of this research is to assess the performance and usability of household
improved biomass cookstoves (Tikikil and Mirt) in the actual household’s kitchen of Gamo
zone by applying the 1SO 19869:2019 standard: Clean cookstoves and clean cooking solutions:

field testing methods for cookstove procedures.

1.3.2 Specific objectives

e To examine the fuelwood savings potential of the improved cookstoves compared to the
traditional cookstove.

e To measure the household PM. s reduction by improved cookstove.

e To evaluate the GHG reduction potential of improved cookstove utilization.

e To make an assessment of improved cookstove usability and user satisfaction.

1.4 Significance of the study

Tikikil and Mirt cookstoves have been developed and promoted over the past 30 years
throughout the country and have been tested by different public institutions, NGOs, and
researchers in the laboratory and actual household to understand how well they function
comparing to the traditional or three stone fire. A few studies also investigated stove
preferences and usability because an improved stove is useless if it is not adopted and used
frequently. This was primarily done through surveys that inquired about cooks' willingness to
pay for the stoves and their perceptions of whether they were suitable for typical cooking in
the home. A user survey that focuses on a number of qualitative and quantitative issues relating

4



to stove acceptance must be combined with a technical component that measures fuel
consumption and cooking time in order to accomplish these aims. In this situation, there has
been very little adoption of the stove, and the majority of rural households continue to cook
over a traditional method or open fire.

This study will contribute by offering a thorough empirical assessment of the performance of
favorable ICSs in Ethiopia with regard to fuelwood requirements, Household air pollution
(HAP), cooking times, and the level of satisfaction expressed by users. Given that context-
specific factors can affect household energy choices, the study were examine over how location,
access to roads, and the market affect household energy choices (Puzzolo et al., 2016). With a
user survey that focuses on a range of qualitative and quantitative issues pertaining to stove
acceptance decisions and their implications on policies for the Ethiopian rural household

energy transition.

1.5 Limitation

The key limitation is that there was not enough funding to extend the sample size and analyse
regional and seasonal variations in daily fuel wood consumption, specific fuel consumption,
and HAP, as well as durability and safety stove tests. The results may not be representative of
the performance of the stoves across the country because this study only used one case study
area with a sample of 38 households to evaluate the performance of the stoves. Additionally,
the researcher was unable to measure the CO emission in the actual household due to the lack
of readily available and accurate measuring tools. Another drawback has also been the

availability of secondary data on adoption and willingness to pay for the stoves.

1.6 Organization of the research

The structure of the thesis is organized as follows: Chapter one discusses the introduction of
the research, which includes the background of the research, the problem statement, and the
objective of the research. Chapter two discusses the different reviews of the research. Chapter
three discusses the methodology of the research, which includes field study development, study
design, data collection for fuel measurement, and data analysis. Then results and discussion

were done, and the last chapter discussed conclusions and recommendations for future works.



CHAPTER TWO
LITERATURE REVIEW

Energy sources will play a significant role in how countries across the world develop in the
future. Three groups of energy sources have been identified: fossil fuels, renewable and nuclear.
Coal, oil, and gas are examples of fossil fuels. Coal, petroleum crude oil, and natural gas are
the main sources of energy, fuels, and chemicals in the global energy markets. Fossil fuels are
susceptible to depletion as they get used up since it takes millions of years for them to develop
in the earth. Biomass is the only other known naturally occurring carbon resource with enough

energy to be used as a replacement for fossil fuels (Karekezi et al., 2004).

For centuries, people have utilized wood as a significant energy source for heating, lighting,
cooking, and boiling water. The first fuel ever used by humans was biomass, which was also
the foundation of the world's fuel economy up until the middle of the eighteenth century
(Abbasi & Abbasi, 2009; Adkins et al., 2010; Balat & Ayar, 2005). Approximately 2.8 billion
people worldwide do not have access to clean cooking facilities today. 2.5 billion People, or
one-third of the world's population, still cook their food in the traditional method using solid
biomass (IEA, 2022b). Over 90% of the population in sub-Saharan Africa use wood-derived
firewood and charcoal as their main source of household energy (IEA, 2022a). Ethiopia’s
energy supply is mostly dependent on biomass, which accounts for more than 91% of the

country's energy consumption, like many other sub-Saharan African nations (UNEP, 2019).

There are different views on the utilization of biomass resources for basic human energy
demands in the theoretical and empirical literature. The early proponents had a negative view
on the use of biomass fuel. According to this group of researchers, using biomass resources for
basic energy requirements deprives consumers of their health and other forms of well-being
while also damaging the ecosystem. Optimistic people maintained that utilizing sustainable
biomass with advance technologies will result in the generation of renewable energy(Guta,
2012h).

Energy comes from both traditional and modern sources. Modern energy supports sustainable
development and is connected with public health, education, food security, poverty alleviation,

6



and mitigating climate change (ESMAP, 2021; Mainali et al., 2014). In this sense, energy is
the lifeblood of modernization because it is essential to the advancement of human politics,
economics, and social life as well as the preservation of the environment (Healy & Clinch,
2004).

The attention has shifted in recent years from fuelwood consumption in general to how biomass
dependence affects indoor air quality and greenhouse gas emissions, particularly the release of
carbon dioxide that has been stored and black carbon (Gebreegziabher et al., 2018; Grieshop
et al., 2011; Jeuland et al., 2015; Tamire et al., 2021). An important side effect of the use of
biomass fuels in the household is the large variance in levels of HAP exposure, especially for

women and children. Below is a summary of current biomass energy utilization research.
2.1 Biomass energy source

All organic substances that are not fossil and have a chemical energy content are considered
biomass (Balat & Ayar, 2005). They consist of all flora and trees that are found on land and in
water, also known as virgin biomass, as well as all waste biomass, which includes sewage,
solid waste, and municipal bio-solids (Balat & Ayar, 2005; Zheng et al., 2010). Biomass is
renewable, in contrast to fossil fuels, in the sense that it can be replaced as a source of energy
in a very short amount of time. Wood, animal, and plant wastes all have the potential to become
biomass. The only renewable alternative to organic petroleum is biomass. These resources
could be used directly to meet basic energy needs (such as firewood, charcoal, dung cake, etc.)
or they could be converted into priceless renewable energies (such as biogas, biofuel,
bioelectricity, hydrogen energy, etc.) that can be used in the transportation, industrial, and
household sectors (Balat & Ayar, 2005).

Biomass is one of the most valuable and useful resources on earth since it is the solar energy
that is chemically stored in plant and animal materials. For all organic materials originating
from plants, trees, crops, and algae, it is a fairly simple statement. A few of the components of
biomass include water, starches, sugars, proteins, simple hydrocarbons, cellulose,

hemicelluloses, lignin, lipids, extractives, ash, and other compounds. Cellulose and



hemicelluloses (holocellulose), two bigger carbohydrate groups, are highly valuable. Non-

sugar-type molecules make up the lignin portion (Demirbas, 2009).

Depending on how the fuelwood is harvested, conservation of fuelwood can result in less forest
degradation and less carbon emissions. The percentage of utilized woody biomass "that can be
established as non-renewable biomass” is thus a crucial factor (UNFCCC, 2012). The
management system has a major impact on how unsustainable biomass harvests are. For
example, relatively little management, such as replanting and harvest mitigation, is anticipated
if fuelwood is taken under free access regimes. Nearly all of the biomass in these settings is
expected to be nonrenewable. Since accurately estimating non-renewable biomass is
challenging, a significant field of current study has offered default estimates of the percent
non-renewable biomass for low-income countries, with default values above 90% in several
sub-Saharan African nations (Bailis et al., 2015; Lee et al., 2013).

There are very few energy options for rural Ethiopian households with little financial means.
In locations where fuelwood is limited, the great majority of households combine agricultural
products like crop residues and animal dung with fuelwood as their primary energy source
(Mondal et al., 2018). Solid bio-based energy dependence is usually associated with shortages
of modern energy options, poverty, and a variety of other problems. The "fuel stacking" theory
is supported by the fact that modern fuels are often used conjunction with traditional biomass
fuels but have not succeeded in displacing solid biomass energy in many developing nations
(Guta, 2012b).

As noted by Wassie and Adaramola (2021) “In Ethiopia, household energy means rural energy
and rural energy means biomass”. Biomass is still the main source of energy and cooking the
largest consumer of energy in Ethiopia. The degradation of Ethiopia's remaining forests has
been accelerated by this country's excessive reliance on woody biomass fuels and the
ineffective energy production from a traditional or open-fire stove with low thermal efficiency
(13-15%) (Guta, 2014; Wassie & Adaramola, 2021).

Ethiopia's forest resources have been significantly depleted as a result of this reliance on
traditional biomass; the country uses 124 million m® of wood annually, of which 116 million
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m? is used as fuel (fuelwood and charcoal) (MoEFCC, 2017). And the annual loss of forest
cover is estimated to be 140,000 ha per year (Kilawe & Habimana, 2016). According to Bailis
et al. (2015) Ethiopia is one of only four nations that simultaneously consumes the most
nonrenewable biomass, has the largest household air pollution disease burden, and the highest

fuelwood consumption per capita.

In Ethiopia the main uses of biomass energy are in domestic baking and cooking (Mondal et
al., 2018). The production and consumption of wood and charcoal are significantly greater in
the household sector than they are in other sectors. The total amount of wood consumed each
year is 55 million tons or around 0.79 tons of wood and charcoal per person (MWE, 2012). It
will remain to be so particularly in the household sector for the anticipatable future. Prevailing
methods of meeting cooking energy requirements in Ethiopia are primarily responsible for
such large consumption of energy in the household sector.

2.2 Improved Cookstoves (ICS)

The increased push for improved cook stoves (ICS) nowadays is largely motivated by worries
about how traditional stoves affect climate change on a global scale. Over the past three
decades, many ways have been used to refer to stove models that have been upgraded for fuel
efficiency or produced to limit household air pollution. ICS gives significant private and social
benefits by lowering reliance on inefficient biomass- or solid-fuel burning stoves, giving them
new life and a new constituency. Given that traditional stoves emit a lot of household air
pollution, it was and is frequently assumed in the past and present that poor homes would
certainly prefer to use ICS, as the majority of these stoves use fuelwood (Jeuland et al., 2020).

The term "ICS" which has a vague definition, has been assigned numerous interpretations by
various authors. A more efficient biomass cookstove offers fuel savings, ease of use, and
cooking times that are shortened or maintained. Reducing the amount of fuel needed can lead
to savings on household expenses or time that can be put to other uses, like leisure. (Jeuland &
Pattanayak, 2012; Mobarak et al., 2012).



ICS have significant advantages over traditional cooking methods because they frequently do
not require expensive technology and may simply demand for small adjustments to standard
cooking practices. If households can truly prepare meals with less wood and ICS are accepted
and used frequently by households, these crucial aspects can make them very appealing.
Additionally, it may result in reduced greenhouse gas (GHG) emissions, lessened forest
degradation, and cleaner indoor air. Therefore, very straightforward ICS technologies that may
satisfy actual user needs through ease and reduced biomass consumption and that only need
for minimal changes to cooking practices in the home are potentially significant intermediate
technologies, however, development towards widespread ICS adoption and usage has been

disproportionately gradual (Mobarak et al., 2012).

Throughout most of Ethiopia for more than three decades, Mirt, an Amharic word meaning
best, has been utilized and disseminated. Mirt stove is particularly designed for injera, the main
staple bread in the majority of Ethiopia. According to (Gebreegziabher et al., 2012) injera
baking accounts for around 60% of household fuelwood use and for about 50% of the primary

energy used in the nation.

Injera stoves are usually considered to be inefficient, though their size and efficiency do vary
slightly from place to place in Ethiopia. Despite requiring a lot of energy, it is still rarely
researched for alternate energy sources (Tesfaya et al., 2014). The typical injera has a diameter
of 52 cm and weighs 310 grams (Adem & Ambie, 2017). The stove was developed based on a
design from the German aid organization GTZ in Ethiopia, and was introduced for the first
time in the Addis Ababa Market which has been pushing it since 1998.

Injera is baked on a clay platter called a mitad that is placed on top of a Mirt or traditional
stove. From different tests, Mirt stove-specific fuel consumption compared to open-fire baking
was found to be between 30 and 49% (Adem & Ambie, 2017; Dresen et al., 2014;
Megen_Power, 2008). All the fuels used on a three-stone fire (firewood, cow dung, branches,

leaves, etc.) could also be used on this stove (Megen_Power, 2008).

Tikikil cooking stove is basically a rocket stove, but it was adopted to suit the conditions in
most Ethiopian households and local production techniques. The rocket stove is an improved
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stove design developed by GTZ, Energy Coordination Office (ECO) (Wassie & Adaramola,
2021). The stove includes a pot "skirt" and an L-shaped combustion chamber to increase heat
transfer and combustion efficiency during cooking. A horizontal fuel magazine and a vertical
internal chimney make up the combustion chamber. Wood is put into the fuel magazine
horizontally, ensuring equal burning from one end and a more controllable feed rate. The
interior chimney produces a draught that speeds up the fire's gas combustion. The skirt that

envelops the cook pot is then pressed to let these gases pass. (GTZ, 2010).

2.3 Cookstove performance testing procedures

The most popular testing techniques, such as the controlled cooking test, water boiling test,
and randomized kitchen performance test, can be used to gauge how much fuel is consumed
per unit of time. Each has pros and cons (Bailis et al., 2007; Lee et al., 2013).

The WBT examines the heat transfer and combustion efficiency of the stove by measuring how
well it performs a regular task in a controlled environment on boiling and simmering of water.
They are the simplest, quickest, and least expensive to carry out, but they only show how a
stove performs technically when water is boiling, not necessarily when real cooking takes place
in homes. They cannot give insight into how the stove performs when cooking actual items
under genuine circumstances because they are conducted under controlled conditions by
experienced technicians rather than local cooks (Shell_Foundation, 2007).

Some of the limitations of the WBT, according to the Eindhoven Wood Burning Stove Group,
are that the recovery of the charcoal is operator dependent because it is not well defined. Since
the weights of the charcoal are so small, there will always be significant measuring mistakes.
At best, it is difficult to estimate the combustion value of charcoal created in a wood fire.
Between the high-power phase and the low-power phase, a lot of tasks must be completed
quickly, increasing the likelihood of errors or misreading’s. The WBT test also has different
fuel consumption and is only ideal for introducing new, improved stoves; therefore it is not a
reliable approach to determine actual fuel use in typical household kitchen situations.

Additionally, the test entails a measurement of the heat transfer process, using the water as a
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real medium to measure the heat transfer from the fire to the pot, rather than a simulation of

the food-cooking process with the meal replaced by water (Weinbaum, 2010).

The primary field test used to assess stove performance in actual environments is called the
Kitchen Performance Test (KPT). It is utilized in homes where stoves are used and is made to
evaluate the effects on household fuel consumption that actually occur. The greatest way to
detect changes in the actual world is through KPTs, which are usually carried out during a
dissemination operation with local populations cooking normally. Frequently, they take place
over some few days (UC_Berkeley, 2004).

The KPT assesses the total amount of fuelwood used by a family repeatedly both traditional
and ICS intervention. The advantage is that it can account for technological combinations that
can indicate leaking. The drawback of KPTs is that, after acceptance, nothing is known about
how they are actually used for cooking. Additionally, the usage of fuelwood must be practically
entirely measured on-site; otherwise, measurement errors may be significant. Sample sizes

often are limited since the required measurement is so intense (Lee et al., 2013).

The CCT compares the performance of a stove to traditional cooking techniques while a cook
makes a dish from the area. The CCT is intended to examine stove performance in a controlled
setting using a common task selected to reflect local customs. It reveals what a household could
accomplish in a perfect world but may not always reflect what a household actually
accomplishes in real life. It should be carried out by someone who is knowledgeable with the
dish being prepared, traditional cooking techniques, and the operation of the stove under test
(Shell_Foundation, 2004).

The WBT calculates the time and amount of fuel required to boil a specific amount of water.
It is the simplest test and ensures that cooking duties are precisely the same for traditional
stoves, but it also has little to do with actual cooking and is normally carried out in laboratories.
The CCT investigates the cooking of a regular meal prepared in the house by actual cooks,
unlike the WBT, which additionally focuses on the amount of fuelwood consumed per unit of
time. Data from CCTs show the amount of fuelwood needed per unit of food cooked and per
unit of time. Despite being conducted on-site, the CCT only tracks the amount of wood used
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and saved for regular cooking. Therefore, CCTs are not very suitable when actual meals differ
significantly from the "standardized™ meal. In such cases, it's possible that the measured
savings have no stronger connection to actual in-situ cooking than the WBT does (Weinbaum,
2010).

2.4 Ethiopian test protocol for cookstoves

Ethiopian standard of clean cookstove and clean cooking stoves requirement and test method
ES-6085:2019 has been developed via revising of improved biomass cooking stoves
performance requirements and Test Methods for household Biomass cooking stove (ES-
6085:2017) and Biomass Baking stoves performance requirements and Test Methods for
household Biomass Baking stoves (6086:2017) (ESA, 2017a; ESA, 2017b) in alignment with
the international standard 1SO-19867-1&3:2018 and in consideration of the country context.
The cookstove system was tested using the Ethiopian standard ES 6085:2019 (ESA, 2019)
guidelines for evaluating cookstove performance. The previous Shell Foundation for
Household Energy Programs, WBT protocol specified that the stove be tested at high power
(cold and hot start phases) and low power (simmer phase). According to Ethiopian standard
for the cookstoves design for only one power level should be tested with fuel burning period
of either approximately 30 min or approximately 60 min if the stoves tested are design for only
one power so the cookstove system used only high power cold start. Therefore the tests were
conducted for 60 min a fuel burning period plus the 5 min or 5 C° for shout down period (ESA,
2019).

2.5 ICS performance, adoption and usability

ICSs in general have the thermal efficiency of 22% - 46% maore effective than traditional stoves
in terms of fuelwood use per household per year, according to research conducted in rural
Uganda and Tanzania (Adkins et al., 2010). The limited studies that were conducted to evaluate
the impact of ICSs primarily relied on water boiling tests and controlled cooking tests. Due to
multiple restricting circumstances, there is also a significant knowledge vacuum regarding the
real impact of ICSs when used in the typical household rural scenario. This is due to the fact

that, even while CCTs and WBTSs imitate actual cooking operations, the effects of uncontrolled
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use of ICSs involving the concurrent use of many stove types and fuels may not be completely
predicted by the approaches. Additionally, several variables outside of the controlled
environment, such as access to and availability of energy, socioeconomic traits, location, and
household cooking practices, can alter the effectiveness, usage, and impact of the use of the
ICSs (Gebreegziabher et al., 2018).

Bensch and Peters (2015) Contend that despite the potential advantages and significant
international efforts to promote ICS, poor adoption rates are typically brought on by high initial
investment costs. In a study that likewise highlights capital costs, Beltramo et al. (2015) use a
randomized trial and Vickery second-price auctions to assess the impact of marketing and
payments over time on willingness to pay for fuel-efficient cookstoves in rural Uganda. They
found that marketing messages are ineffective, but that payments becoming available over time
increase people's desire to pay within the constraints of their household's income.

In a randomized control study in urban Senegal, Bensch and Peters (2012) find fuel savings
per meal cooked on the Jambar stove is 48%. They also learn that utilizing the burners almost
exclusively has a variety of other benefits, like fewer eye infections and quicker cooking times.
To better understand the effects of ICS in the field, more rigorous evaluation strategies, such
as randomized distribution of improved cookstoves with control groups using conventional
stoves, are quickly replacing less rigorous evaluation techniques (Bensch & Peters, 2012;
Hanna et al., 2012).

A wood burning cookstove in Ghana that was produced and designed locally is evaluated by
(Burwen and Levine, 2012). They discover that the stoves, on average, require 12% less
fuelwood to prepare a regular a meal. Using electronic stove usage monitors, they also learn
that the stoves were generally used quite a little. An ex-post review of the Jambar charcoal
stove was carried out in Senegal by Bensch and Peters (2011). They discover that the Jambar
stove uses 25% less charcoal than conventional stoves to prepare normal meals by using OLS
and propensity score matching. The same researchers discovered that fuel savings per meal
cooked on the Jambar cooker compared to a control group were even higher at 48% in a
randomised control study conducted in Senegal. They also find additional advantages, such as

fewer eye infections and shorter cooking times, which come with the stoves being used almost
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exclusively. A tailored enhanced wood-burning stove and vent hood are evaluated by Thakuri
(2009), in a sample of 400 Nepali households. He determines that improved cookstoves use
42% less wood than traditional stoves, despite the observational nature of the data and the fact
that firewood use is based on 24-hour respondent stored information.

Poor ICS adoption is still a challenge, and it typically reflects the fact that stove designs and
diffusion efforts have been unable to meet user requirements. Mobarak et al. (2012) and
Bensch and Peters (2015) place emphasis on developing and marketing ICS with features that
customers value highly, such as decreased running costs. According to Mobarak et al. (2012)
one reason ICS are not commonly used in Bangladesh is because ICS are promoted as having
health benefits, but many users—women in particular—do not consider the household air

pollution caused by traditional stoves to be a severe health problem.

Experiments were carried out to determine the particular fuel consumption savings of Mirt
compared to open fire baking, which ranged between 30 and 49% (Dresen et al., 2014). The
usage of the improved Mirt stove results in fuel savings of between 22% and 31% when
compared to a typical open three-stone stove, according to a Controlled Cooking Test carried
out in rural Ethiopia also found that on average one ICSs (Mirt stove) saves 634 kg of fuelwood
per year, which translates to an estimated emissions reduction of 0.94 tons COze per user

household per year (Beyene et al., 2015; Gebreegziabher et al., 2018).

The study results by Wassie and Adaramola (2021) indicated that by separate analysis of the
Mirt, Gonziye, and Tikikil stoves, on average, a Mirt stove user consumes 143 kg less fuelwood
per month than a traditional open-fire user. When compared to users of traditional open fire,
the average monthly fuelwood consumption of Gonziye and Tikikil users was lower by 161.6
kg and 173.5 kg, respectively. Based on these findings, they predicted that each home could
save fuelwood of 2083.0 kg by Tikikil, 1939.1 kg by Gonziye, and 1716.5 kg by using one Mirt
stove annually. In comparison to households that use traditional stoves, a home that has
adopted a Mirt stove can cut its fuelwood consumption by 30%, Gonziye usage by 34% and
Tikikil usage by 37% annually. Hence, ICS-using household consumes 3313.6 kg of fuelwood
on average annually compared to 5435.6 kg for non-users. Similarly, although statistically
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negligible, ICSs users consume less agricultural (crop) residues on average 496.5 kg/year than

non-users 541.2 kg/year.

Other improved injera baking stove in Awramba community in the Amhara Regional State
uses Awramba injera baking stove since 1971. Along with making injera, this stove
incorporates additional cooking functions. With respect to the open-fire injera baking stove, it
uses 35% less fuel specifically (Adem & Ambie, 2017).

The data from the direct kitchen cooking studies and questionnaires were used to determine
the fuel collection and cooking and baking time savings of each stove. The findings indicate
that households using Mirt, Gonziye, and Tikikil might save, respectively, 1.12 hours, 1.26
hours, and 0.77 hours per week by reducing fuelwood collection. The investigation for time
savings in cooking and baking also showed that Mirt stoves (estimated based on baking
sessions and extrapolated to weekly basis) might offer an average time savings of 0.18 h/week;

Gonziye stoves 0.74 h/week; and Tikikil stoves 1.03 h/week.

Hence, the thermal efficiency of the above mentioned stoves are better than traditional/ open
fire cooking practice, energy leakages on the demand side needs to become an essential part of
the overall energy picture. When it comes to the end-use thermal efficiency of biomass energy
conversion technologies, where the majority of the population depends for their daily cooking,
the picture is even worse in Ethiopia. Both government and non-governmental organizations
in Ethiopia have taken initiatives in energy efficiency improvement measures as part of the
solution for the national household cooking energy problem. However, these efforts have been
limited by lack of sufficient resources such as finance, skilled personnel and time, to bring

about a lasting impact at the national level.

Cookstove usability is one of the crucial player in determining the adoption, acceptance, and
sustained use of cookstoves by households. Usability refers to the extent to which a cookstove
is user-friendly, efficient, safe, and meets the needs and preferences of the users. It focuses on
the ease of operation, performance, maintenance, and overall user satisfaction with the
cookstove (D.Moses & A.MacCarty, 2018).

16



Existing definitions cover a wide range of ideas related to how users approach, think about,
and evaluate the effectiveness of their interactions with products. Usability is defined by ISO
9241: Ergonomics of Human System Interaction as the effectiveness, efficiency, and
satisfaction with which a system satisfies the needs of its users. Nielsen's well-known book,
"Usability Engineering,” expands the definition of usability to include memorability,
learnability, and the consideration of user errors. Figure below presents a visual showing the
parallels and discrepancies between various usability standards. The underlying concept
behind all definitions of usability is that the demands of the intended users in a given
environment must in some way influence the design of a product. Broader definitions of
usability may also include elements like ease of access, learning curve, aesthetics, and safety
(D.Moses & A.MacCarty, 2018).

ISO 9421

Satisfying Effective

Efficient

Memorable Error tolerant Engaging

Learnable

Nielsen Quesenbery

Figure 1: Common Definition of Usability (D.Moses & A.MacCarty, 2018)
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2.6 Summary of research results from the stove test

2.6.1 Qualitative results

Table 1: Test results from ICS qualitative research output

Title Stove type Qualitative Research output Reference
Field testing and survey evaluation of household biomass cook | e Ugastove The stove is too tall and unstable, making it easy to tumble over, | (Adkins et al.,
stoves in rural sub-Saharan Africa e StoveTec the handles heat up, the stove surface gets hot, and it is difficult | 2010)
e Advent to move.

The stove's height and diameter prevent it from being used for a

variety of cooking tasks and make it difficult to light and take

extra time.
Fuel Savings, Cooking Time and User Satisfaction with Improved | o  Mirt The stoves have a significant difference in fuelwood | (Gebreegziabher

Biomass Cookstoves: Evidence from a Controlled Cooking Test in
Ethiopia

consumption.

The analyses reveal statistically significant regional disparities in
fuelwood savings, particularly in Amhara and Oromia.

Cooks who are older, more educated, and have larger families
use less fuelwood.

Fuelwood savings could increase with social network growth and
incentives for utilizing better stoves.

Cooking while the wind is calm allows for greater fuelwood
savings.

Cooks who work largely outside of the home and on non-
agricultural tasks save more on fuel.100% of Mirt stove users rate
the stove as good or very good in overall evaluation, especially
in smoke reduction, and about 90% of respondents said they
would buy it at full market price.

etal., 2018)
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Analysis of potential fuel savings, economic and environmental | ¢  Mirt e The location of the household is closely related to the use of ICS. | (Wassie and
effects of improved biomass cookstoves in rural Ethiopia e Gonziye e The amount of household gross annual cash income has a big | Adaramola, 2021)
o  Tikikil impact on where ICS is used.
e Non-users |® The cost of ICSs varies depending on how far you are from the
manufacturers and sellers.
e The distance between households' residences and their primary
suppliers of wood (local forest regions) is highly and adversely
related to the ICSs.
e Almost all the households used the traditional three stones for
baking, cooking, or both, regardless of whether ICS had been
adopted.
e For both ICS users and non-users, fuelwood and crop leftovers
are the most popular sources of fuel.
Field Testing of Alternative Cookstove Performance in a Rural | e  Envirofit e The TCS and the natural draft cookstoves both took the same | (Muralidharan et
Setting of Western India e Greenway amount of time to boil water. al., 2015)
e BiolLite e The TCS took a lot longer to boil water than the forced-draft
e  Philips cookstoves made by Philips and Eco-Chulha.
e Eco-Chulha
Fuelwood Savings and Carbon Emission Reductions by the Use of | ¢  Mirt e 30% of ICS users occasionally bake injera on a three-stone fire. | (Dresen et al.,
Improved Cooking Stoves in an Afromontane Forest, Ethiopia e When compared to other rural parts of Sub-Saharan Africa, the | 2014)
region has exceptionally high fuel usage.
Adoption and fuel use efficiency of Mirt stove in Dilla district, e The main barriers to the Mirt stove's adoption in the evaluated | (Yayeh, Guadie

southern Ethiopia

sites were its fixed nature, a lack of availability, a lack of
awareness of its advantages, and a distance from the market.
There was no noticeable difference in the amount of time it took
the stoves to bake a certain quantity of iibetween the traditional
and Mirt

and Gatew, 2021)

Fuel efficient technology adoption in Ethiopia: evidence from
improved “Mirt” stove technology: a case in selected kebeles from
“adea” wereda

40% bake and cook in the open air and in their living rooms.
Approximately 37 to 44% of the families always utilize cow dung
or wood as an alternative fuel source.

About 78% of rural households collect their own energy to suit
their needs.

(Woubishet, 2009)
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In urban areas, 42% of respondents must travel twice weekly to
gather fuel sources, while 48% of households with two or more
people must do so.

9 | Energy Efficient Biomass Cookstoves: Performance Evaluation, | fuelwood 51% of 10 sample of firewood stoves tested satisfied the | (Francis Okafor,
Quality Assurance and Certification cookstove minimum standard of tier 2. 2019)
Charcoal Out of 15 sample charcoal stoves tested, 62% satisfied the
cookstove minimum standard of tier 2
10 | High Levels of Fine Particulate Matter (PM2s) Concentrations The WHO 24-h suggested guideline level was up to 16 times | (Tamire et al,

from Burning Solid Fuels in Rural Households of Butajira,
Ethiopia

greater than the 24-h mean PM s concentration.

When compared to locally made, improved cookstoves, the
usage of traditional three-clay cooking stoves led to significantly
greater quantities of emission of particulate matter

2021)
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2.6.2 Quantitative results

Table 2: Test results for the quantitative research output of ICS

Title Stove Quantitative Research output Reference
type
Thermal SFC (g/kg) Time to CO (ppm) PMzs
Eff. (%) boil (min) (1 g/m®)
Field testing and survey evaluation of household biomass | Ugastove - 288 22 - - (Adkins et al.,
cook stoves in rural sub-Saharan Africa StoveTec - 326 18/206 - - 2010)
Advent - - 471224 - -
Envirofit - - 215 - -
Fuel Savings, Cooking Time and User Satisfaction with | Mirt - 547 24 - - (Gebreegziabher
Improved Biomass Cookstoves: Evidence from a Controlled et al., 2018)
Cooking Test in Ethiopia
Analysis of potential fuel savings, economic and | Stovetype | Fuel wood | Fuel wood | Time Total emission - (Wassie and
environmental effects of improved biomass cookstoves in saving (%) | saving saving reduction Adaramola,
rural Ethiopia (kglyr) from (kg COzelyr) 2021)
fuelwood
collection
(hrs/wk)
Mirt 30.3 1716.5 1.3 2825 -
Gonziye 34.3 1939.1 2.0 3191 -
Tikikil 36.8 2083.0 1.8 3428 -
Field Testing of Alternative Cookstove Performance in a | Envirofit | 11.7 - - 16% 22% (Muralidharan et
Rural Setting of Western India Greenway | 11.9 . . 2% 24% al., 2015)
BioLite 10.3 - - 35% 40%
Philips 25.3 - - 55% 66%
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Eco- 16.9 - 42% 61%

Chulha
Fuelwood Savings and Carbon Emission Reductions by the | Mirt 393.1 - - - (Dresen et al.,
Use of Improved Cooking Stoves in an Afromontane Forest, | Three 520 2014)
Ethiopia stone fire
Adoption and fuel use efficiency of Mirt stove in Dilla district, - 470 - - (Yayeh, Guadie
southern Ethiopia and Gatew,

2021)

Energy Efficient Biomass Cookstoves: Performance | fuelwood | 26.4 - 0.61g/min 15.9mg/min | (Francis Okafor,
Evaluation, Quality Assurance and Certification cookstove 2019)

Charcoal | 38 33 42g/L 0.1-0.52 1.3-16.8

cookstove

- - - - - 410 (Tamire et al.,

High Levels of Fine Particulate Matter (PM25)
Concentrations from Burning Solid Fuels in Rural
Households of Butajira, Ethiopia

2021)
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CHAPTER THREE
METHDOLOGY

3.1 Methods
3.1.1 Field test standard

In this study, the technical characteristics of the intended cookstoves performance and usability were
assessed in terms of their technical feasibility, acceptability and economic viability in the selected
case study area, using clean cookstoves and clean cooking solutions-field testing methods for
cookstoves (ISO 19869:2019), developed by the International Organization for Standardization
(1SO).

The test standard offers field testing procedures to assess the performance of the cooking system in
real-household conditions, and it aims to deal with: First, quantitative and qualitative evaluations of
the cooking system's performance; the evaluation criteria and guidance are made for usage, usability,
fuel and energy consumption, power, emissions, safety, and durability; Second, to provide guidance
for measuring personal exposure to CO and PM2s in the household; Third, to offer guidelines for
field assessments that compare cooking system performance metrics to either defined performance
levels or to a counterfactual scenario that allows assessment of whether the new cooking system is
improved in comparison to what would have been observed if a new cooking system had not been
implemented; fourth, to provide guidance for prioritizing measurements that balance

comprehensiveness and feasibility (ISO, 2019).

3.1.2 Description of the study area

Gamo Zone, the Ethiopian ethnic group known as Gamo, is the one who speaks the "Gaammoththo™
or Gamo language. It is one of the major zones in the Southern Nations, Nationalities, and Peoples'
Region (SNNP) of Ethiopia. It is named for those whose homelands lie in this zone and for its
identification of strength and respect. In the southwest of Ethiopia, the Gamo Highlands rise
considerably above the African Rift Valley. Since agriculture was developed 10,000 years ago, this
remote region has been successfully farmed and is one of rural Africa's most heavily populated
regions. Despite colonialism and globalization, their culture and ecology have not changed. Despite

the lack of roads in the area, it is remarkable for its ability to withstand the food shortages and famines
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that have wreaked disaster on most of the country's regions. This is because of a distinctive traditional
food system that combines forestry and livestock raising with a wide variety of tree, root, cereal, and

vegetable crops (Behran).

The administrative center of the Gamo zone is Arba Minch town. Arba Minch town is one of the
districts located 505 km away from Addis Ababa, 275 km southwest of Hawassa town, and 200 km
north of the Kenya border. The land's undulating terrain is a feature which favours the presence of
many climate zones in the region. The region has a total land area of 7366.59 km? and is
astronomically situated between 5° 57" and 6° 71" North latitude and 36° 37" to 37° 37" East
longitude. The zone is bordered by South Omo in the southwest, Wolayta, Dawro, and Gofa zones
in the north, Lake Abaya in the northeast, Amaro special woreda, and Dirashe special woreda in the

southeast. It has one administrative town and 18 woredas (Mengistu, 2013).

According to CSA (2013) population projection values for 2017 at zonal and wereda levels by urban
and rural residence and by sex, the total population of the former Gamo Gofa zone was projected at
2,043,668, among which 49.6% (1,013,533) were males and 50.4% (1,030, 135) were females. About,
1,709,028 (83.6%) were rural dwellers.

The study was conducted in Arba-Minchi Zuria and Gacho baba Woredas or District. Arba Minch
Zuria is divided into 29 kebeles, which are the smallest administrative units in Ethiopia. It has a total
population of 195,858, of which 97,905 are men and 97,953 are women (CSA, 2013). From the two
districts the researcher choose Chano Mile, Chano Dorga and Zigiti Meyche kebeles peri-urban and
rural districts in the zone. The three geographical and climatic zones in the selected districts are:
Kolla (low land), Woina dega (mid land), and Dega (high land), which allow for the representation

of people from different agro-ecological zones as well as three geographical and climatic zones.
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Figure 2: Administrative map of Gamo Zone

3.1.3 Description of the stove used

3.1.3.1  Choche cooking stove

Choche is a traditional cooking practice in Gamo Zone. The word choche in the Gamo language
means "stove", and both cooking methods (dry heat cooking and moist heat cooking) are practiced
on a daily basis in nearly every local home. The researcher noticed that it's quite different from the
three-stone fire and other traditional cooking pracitce; it's commonly used across the community

since they don't have access to improved or advanced cooking technology.

The cooking method or practice comprises, as shown in figure 3, digging the ground to a depth of 17
cm in the center and an upper width of 28 cm, then using locally made circular breaks inside the hole
to protect the soil from dawn fall after some time of serving. This circular break covers the hole and
serves as a combustion chamber for the fuelwood, keeping the flame for the subsequent cooking
sessions by smothering it in the ashes. Additionally, the Choche was thought to act as insulation and
a windbreak for the fire. For the pot rest, 16 cm in height, 21 cm in diameter at the top with the ear,
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and 18 cm in diameter at the bottom, locally produced breaks are used, and three pot rests are made
around the hole. So, as seen in the figure below, the cook stacks the fuelwood inside the pit and
begins to cook the meal.

Figure 3: Choche cooking and baking stove (picture: By Dawit T.)

The staple foods of Gamo populations are maize, Moringa oleifera (known locally as "Aleko"), and
cabbage, which are often used as the major ingredients in "Kita,” "Posese," and "Amicho," as shown
in figure 4, which are typically found in local meals served with hot drinks made from a leaf of the

coffee tree.

Figure 4: A) Aleko, Kita and Injera together B) boiling of leaves of the coffee tree (picture: By Dawit T.)
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3.1.3.2  Mirt Injera backing stove

Mirt is made of mortar, a combination of cement and river sand, pumice, or scoria (red ash). The
stovetop is made up of six connected pieces. The firewood is burned beneath a baking sheet in a
cylindrical enclosure that is constructed from four sections and measures around 65 cm in diameter
and 20 cm high. The cylindrical enclosure is attached to two more pieces by joining them together
so that they sit on top of one another. These final two components give the cooking pot a rest and
control the smoke flow on the burner. In addition to an injera baking plate (mitad'), the stove

provides space for a cooking pot as well (Adem & Ambie, 2017).

There are two holes in the cylindrical casing. The enclosure's lower front has a first opening that is
roughly 17-18 cm wide and 11 cm high and has a semi-elliptical shape. It serves as an air and fuel
inlet. The second is at the enclosure’s back, where a smoke exit and smoke-regulating components
are installed. This opening is rectangular in shape and measures 19 cm in width and 7 cm in height.
The stove is available in two variations: the conventional one, with walls that are 6 cm thick (here is
what | used for the test) see figure 5 below, and the slim model with walls that are 4 cm thick
(EREDPC, 2021).

Figure 5: Mirt Injera baking stove (stove drawing:(EREDPC, 2021); picture: By Dawit T.)

1 Mitad is a circular ceramic plate on which Injera is baked on
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3.1.3.3  Tikikil cooking stove

The Tikikil stove has been widely promoted and implemented, as part of improved cookstove
dissemination initiatives in Ethiopia, also known as the Ethiopian rocket stove, is a type of improved
cookstove that is commonly used in Ethiopia. It is designed to be more efficient and cleaner than
traditional or open-fire cooking methods, aiming to reduce fuel consumption and minimize harmful
emissions (GTZ, 2010). The Tikikil stove is typically constructed using locally available materials
such as clay and sheet metal. It consists of a combustion chamber, a cooking surface, and a chimney.
The design incorporates a rocket-style combustion system, which enhances airflow and promotes
efficient combustion. One of the primary advantages of the stove is its fuel efficiency. It is designed
to optimize the burning of biomass fuels, such as wood or agricultural residues, by creating a
controlled airflow that maximizes heat transfer to the cooking vessel. This results in reduced fuel
consumption compared to traditional open fires (Wassie & Adaramola, 2021). The stove was also
designed to minimize smoke emissions during cooking. The improved combustion process helps to
burn the fuel more completely, resulting in reduced smoke production. This has significant health
benefits, particularly by reducing exposure to indoor air pollution, which is a major concern
associated with traditional cooking methods. The stove picture and design are seen in figures 6 below
(GTZ, 2010).

|

210

Figure 6: Tikikil fuelwood cooking stove (stove drawing: from EREDPC; picture: By Dawit T.)

28



3.1.4 Study design

According to the ISO (2019) test procedure, taking into account socioeconomic and agro-climatic

characteristics, cooking systems was tested by comparing Choche and ICSs in Gamo Zone.

The sample size of the household for a field study is basically decided by the study design the
researcher is selecting, which is a cross-sectional and paired study design. Hence, for this study, the
researcher chose paried design because of the methods that enable the comparison of the Tikikil and
Mirt in the actual kitchen at the households to Choche cooking in order to reduce the inter-household
variability in household air pollution, time to cook a meal, and fuel consumption levels related to

different household practices, household size, and ventilation caused by house structure.

Both Tikikil and Mirt sample stoves were placed to the test in relation to Choche stoves in users'
kitchens. The sampling takes place twice: the first three days with the Choche stove, and an additional

three consecutive days with the new ICS stove.

How to determine the sample sizes for a field study is explained by Garland et al. (2016). With a
two-tailed statistical test and a p-value of 0.05, the table in Appendix A that follows suggests that the
power should be set at 80%. The study design, anticipated or planned difference in the means, and
anticipated variability are the only factors remain to be considered in light of the assumption

conventions.

The difference in means between the traditional and improved cookstove methods, as shown in the
Appendix A, is the change in average performance between them that either expect or desire to see.
As a result, the researcher estimate to base this study's comparison of the fuel consumption of the
two cookstoves on an average performance of 35%. A relative measure of variability referred to as
the coefficient of variation (CoV) is determined as the standard deviation to mean ratio for a given
sample (CoV = SD/mean). In order to determine the minimal sample size for this study, an accurate
calculation of the coefficient of variation in fuelwood and HAP reduction based on the ISO test
method was not yet available. Due to the paired study design, the researcher selected a conservative
COV estimate of 0.7 (Edwards et al., 2007), which produced a minimum sample size of 31
households that would need to enroll for the test. However, in every household study that makes use
of repeated measurements, there is a chance of participant fatigue or drop-out. When volunteers begin
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a study but are unable or unwilling to participate in follow-up visits, fatigue and dropout occur. In
order to lessen the effects of participant dropout, it is calculated that a research should be oversized
by 20%, making the total household thirty eight.

The study households were selected from Chano Mile, Chano Dorga and Zigiti Meyche Kebeles? of
rural and peri-urban communities in Arba-Minchi Zuria and Gacho Baba Woredas using the
convenience and proportional sample strategy, which involves using participants from the target
community who voluntarily agree to participate and are qualified to do so. This approach is founded
on convenience and accessibility. Women (cooks) who agreed to participate in the study were
enrolled. A quick selection criteria survey is shown in Table 4 for use in the field to filter out
candidates for a cooking test, and each sample household was systematically selected from each
Kebele.

Table 3: household screening form for cookstove test

Omit the participant from the research if the response to any of the questions below [1-4]  Yes No

is ‘No’

1. Is the main cook willing to participate? (Explain the necessary steps.)

2. Does the participant regularly use the basic wood stove? (Note that it need not be for
sole usage.)

3. Does the participant prepare food in a secure area shielded from the wind, rain, and
harsh sunlight?

4. Will there be enough fuel available to cook during the performance tests?

A participant should not be included in the baseline survey if any of the questions below Yes No

[5-6] have a ‘Yes’ response.

5. Does the participant make food or beverages for sale in a shop?
6. Are there any activities that would significantly alter the amount of cooking that will be
done before, during, or right after the sampling*? Inquire about occasions like festivals,

weddings, funerals, significant influxes of migrant workers and tourists, etc.

*QOr in the 1-2 days immediately after the study period if they are starting to prepare food early.

2 The lowest administrative level in Ethiopia
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3.1.5 Field study development

Household visits to the enrolled families were conducted in order to evaluate fuel wood consumption,
the simplicity in the usage of ICSs, kitchen-level exposures to particulate matter (PM2s) over a 24-

hour period, and cooking time for a single meal.

The houses were chosen at random, and the enumerators evenly distributed the households across
the chosen kebeles. The main cook in the home was consulted, and if the cook did not have any
additional plans or commitments that would require them to be away from the house for the ensuing

six days, the enumerators gave them the Tikikil and Mirt stoves to test.

The main cooks in the household were asked to answer questions on their socioeconomic background,
present use of traditional stoves, household smoke, and cooking habits before the Tikikil and Mirt
were given and installed. Then the enumerators were given an initial orientation on the features of
the stove and trained the women on how to use these two stoves. The women's traditional stove
would still be in the house, but they should be encouraged to exclusively cook with the Tikikil and
Mirt on a daily basis. Figure 7 below depict the enumerators during their initial training for the cook,

getting basic information about households, and their opinions of the stoves.

Figure 7: Household preliminary survey and introduction of Tikikil and Mirt on how to operate in the kitchen
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Data on daily fuel wood consumption and PM.s emissions from Choche stoves were gathered for
the first three days. Following three consecutive days, it was done on the Tikikil and Mirt daily
fuelwood consumption, PM2 s, and then after one-on-one interviews to find out more about how cook
use the new stoves, how simple it is to use local cooking pots, how much smoke they recognise, how
clean, safe, and crispy it is, how acceptable different cooking techniques are, how comfortable it is
to make local dishes, and how they view fuel consumption generally.

According to. ISO (2019), making effective use of resources and ensuring that research topics are
addressed both depend on an effective study design. The following tables display the approaches for
evaluating various cooking system field performance components: The questions indicated in table
1 that are usually addressed in relation to the study goal serve as the basis for the field evaluation of

cooking stoves, and the names of the pertinent metrics and their corresponding units are shown in

the second and third columns.

Table 4: Field research question and respective metrics for measurement

Field research question Relevant metric name Unit
How is the cookstove performing in  Percent difference specific energy % diff (MJ/kg)
terms of energy and fuel con- consumption
sumption? Percentage difference of household energy % diff
consumption (MJ/person/day)
What are the potential hazards to PMa concentration 24 h average ug/m?®
health?
Is the cookstove likely to be used? Usability assessment Qualitative
How does the cookstove design
relate to usage?
How is the cookstove changing time
use patterns?
How much is the cookstove being Average cooking events per day on a specific  events/day
used? cooking device
Average cooking events per day on all events/day
cookstoves in a household
Average cooking duration per day on a h/day
specific cooking device
Average cooking duration per day on all h/day
cookstoves in a household
Displacement: fraction of cooking events on  events/events
a specific cooking device
Displacement: fraction of cooking duration h/h

on a specific cooking device
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3.2 Materials

The following test instuments, materials, and facilities were used for this field test based on the

instruments recommended by (ISO, 2019) and the stoves used for this study:

NINBVD

Figure 8: A) Particle and Temperature Sensor (PATS+) B) Electronic weighing balance; capacity of at least
6 kg and accuracy of £ 1g C) GPS Tracker D) Thermocouple E) Mabile phone (stop watch) F) IR thermometer
G) Measuring tape H) Wood moisture meter; capable of measuring 6-40% humidity (optional) 1) Choche
stove J) Tikikil stove K) Mirt stove (Pictures By: Dawit.T)

3.3 Data collection
3.3.1 Fuel moisture measurement

A portable moisture meter was used to measure the specific fuel being measured using wood fuels.
Three pieces of wood were chosen from the pile, and the moisture content was determined along

each piece's length at three locations that were evenly spaced apart. The average of all single-point
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measurements for each home for a consecutive two to three days on Choche and ICSs was then
determined by applying the equation below in Equation 3.1 (ISO, 2019).
_ Y Wi+ Wei2+Weis

Weav = %3 (3.1)

Where;

o Weav IS the average moisture content of the fuel, in %;

o W,z Is the moisture content at point 1 for the ith piece of wood, in %;
o W2 is the moisture content at point 2 for the ith piece of wood, in %;
o W,z is the moisture content at point 3 for the ith piece of wood, in %;

o nisthe total number of pieces of wood measured (at least three).

If the moisture meter outputs moisture content on a dry basis, then the average shall be converted to

a wet basis according to equation 3.2 (ISO, 2019).

_ Wcdb
1+Wedp

(3.2)

Wc,wb

Where;

o Wewb IS the moisture content, wet basis, in %;

o Wb is the moisture content, dry basis, in %.

3.3.2 Specific energy consumption

Specific energy consumption is the amount of energy used to cook a given mass of food, as
determined by a single cooking event. The cooking task, type of fuel, cooking vessel, amount of food
being cooked, and how the cook uses the stove all affect the precise amount of energy consumed
(IS0, 2019)

The researcher selected baking injera for this particular type of test, compared, and computed the
fuel consumption of both Choche and Mirt stoves. A typical cooking task is completed using one of
the two cooking techniques. Each cook completed three repeats of the cooking activity, which was
distributed among the seven cooks. The measurements taken were as follows: Consumed fuel mass,
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energy content (lower heating value), moisture content, and initial mass of raw food in each cooking
vessel, initial mass of cooked food in each cooking vessel, and final mass of each cooking vessel
with raw food. Equation 3.3 presents calculations for specific energy consumption as fired (1SO,
2019).

Efuel
S Cenergy = M;Zjd (3.3)

Where:

o SCenergy is the specific energy consumption, in MJ/ kg;
o Efuel Is the total energy consumed for all fuel types, in MJ;

o Mtood IS the total mass of food cooked, in kg.

As the equation 3.4 showed, the Energy consumed is defined as the total fuel energy in (raw and

reused fuel) less the reused fuel remaining (ISO, 2019).

t
Epyer =% ype[(Mtype,i - Mtype,f) * LHVtype,af (3.4)
Where;

o Eel Is the total energy consumed, in MJ;
o Mype,i IS the initial mass of each fuel type;
o Myperis the final mass of each fuel type;

o LHVypeatis the lower heating value of each fuel type, as fired, in MJ/kg.

Data has been gathered for twenty-one test replicates for each cooking methods that were conducted
for specified fuel consumption metrics, which means that a total of seven cooks performed three

repetitions each.

The mean, standard deviation, and coefficient of variation of the specific energy consumed SCenergy
shall be calculated for the Choche and Mirt cookstoves test replicates. To calculate the percent
difference of the two sample means, the equation 3.5 shall be used (ISO, 2019):
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04 diff = mean(SCenergy,2)—mean(SCenergy,1) (3.5)
mean(SCenergy,1) .

Where;

o SCenergy,1 IS the specific energy consumption of Choche baking;

o SCenergy,2 IS the specific energy consumption of Mirt baking.

This calculation provides the percent difference in fuel consumption of Choche compared to cooking
Mirt injera baking. A negative value indicates Mirt had a reduction in fuel consumption compared
to Choche.

A flat, bread-like pancake made from the small grain teff is known as injera and is a common dish
in Ethiopia. It takes three to four days to prepare injera. Yeast is added to Teff flour, water, and other
ingredients to create batter or dough. After that, the batter or dough is placed in a tightly closed

container and let to ferment for three to four days.

The mixture is stirred occasionally while fermenting, and any extra water that rises to the surface is
skimmed off and discarded. In order to prepare "Absit," a soup-like concoction, one to two liters of
thoroughly mixed batter are taken and poured to boiling water. The Absit will be thoroughly stirred
while it boils to thicken it. It is put into the batter that was previously kept in the container after

boiling for 30 to 40 minutes, and additional water is added to make the batter lean.

Getting ready for baking, where it creates bubbles at the top, takes around 30 to 45 minutes. The
dough will be poured into the baking pan when the injera pan's temperature reaches around 200°C.
In order to swiftly fill any gaps that might be left behind, the batter is poured in a circular motion all
the way around the griddle's surface. After the batter has been added, the cover is secured, enabling
the injera to steam slightly while cooking. When the injera is finished cooking, it is taken out of the
mitad using sefed, a grass-woven material resembling a plate (Adem & Ambie, 2017).

The selected seven households had undergone three tests. 16 kg of dough were utilized for each
baking session, which is typical in Ethiopian households. Injera quantities often fall within the
specified range 25 and 30 injeras were baked during each session (Adem & Ambie, 2017). That is
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the average number of injeras that would be baked in a normal Ethiopian household during a session.
However, the precise figure depends on how thick the injera is and how viscous the dough is. The

person who makes the dough and does the baking, respectively, is responsible for these in turn.

The cooks have been well-oriented and agreed on the procedures of the test in such a way that both
testers and cooks can understand and follow each other. The role of the testers during the baking
session was only to record the data and make observations without any interference from the cookers.
Before and after every test, fuel wood was weighed and recorded. Charcoal is knocked off the ends
of the unburned wood while the wood is being weighed. The data sheet contains the weight and
measurements of all the charcoal that was collected using the charcoal pan. It was also noted how
long it took to complete the process of cooking. Additionally, the cook's comments and relevant

observations for the test have been recorded.

3.3.3 Kitchen energy consumption

The amount of energy used for cooking in a household per person per day is known as per capita
kitchen energy consumption. It measures the following factors: all of the household's cooking fuels,

all of its cooking appliances, and all of its regular cooking tasks (1ISO, 2019).

The Kitchen Performance Test (KPT) measures the rate of daily fuel consumption per person in the
average household environment over the course of three days in order to show variations in the fuel
consumption of Choche and ICSs (Tikikil and Mirt) stoves in households. The primary objective of
the KPT is to quantify fuel consumption under typical household and stove usage conditions (Bailis,
2004).

The amount of fuel used on a daily basis for cooking determines the amount of energy used. Figure
9 below illustrates the measurement of the weight of wood used over the previous 24 hours and the
moisture content of the three sample woods for calculating the daily fuel wood consumption of the

household.
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Figure 9: Moisture and daily fuel wood measurements

3.3.3.1  Effective fuel heating value

The energy content of the fuel utilized during a cooking event is the effective fuel heating value. The
carbon balancing approach calls for the use of this metric to calculate fuel energy-based emission
factors. The effective heating value EHV (MJ/kgrer) is an expression of fuel heat energy per unit
mass that relates the fuel mass consumed to the fuel energy contained in it. For the simple case of a
single fuel type that burns homogeneously, the effective heating value is equal to the lower heating
value, as-fired LHVas (1ISO, 2019):

EHV = LHVaf (3.6)
Where:

o EHV is the effective heating value, in MJ/kg;

o LHVqis the lower heating value as-fired, in MJ/kg.

The above formula is valid for liquid and gas fuels as well as biomass fuels that burn to completion
with no net change in reused fuel. For more complex cases of multiple fuel types and/or a net change
in reused fuel, the effective fuel heating value can be calculated as (1SO, 2019):

% type[(Mtype,i_Mtype,f)*LHVtype,af

EHV =
% type(Mtype,i_Mtype,f)

(3.7)

Where;
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o EHV is the effective heating value, in MJ/kg;
o Muype,i is the initial mass of each fuel type, in kg;
o Muype is the final mass of each fuel type, in kg;

O LHVipeat is the lower heating value of each fuel type, as fired, in MJ/kg

3.3.3.2  Effective fuel carbon fraction

The amount of carbon in the fuel that was used, measured in terms of mass, is known as the effective
fuel carbon fraction. This metric is necessary to calculate the carbon balance's energy-based emission

factors.

The effective fuel carbon fraction CFraces is a conversion factor between carbon released and fuel
mass consumed. For the simple case of a single fuel type that burns homogeneously, the effective

fuel carbon fraction is equal to the fuel carbon fraction (1SO, 2019):
CFracesr = CFraceyeraf (3.8)

Where;

o CFraces is the effective fuel carbon fraction, in g/g;

o CFracnelafis the as fired fuel carbon fraction, in g/g.

The above formula is valid for liquid and gas fuels as well as biomass fuels that burn to completion
with no net change in reused fuel and no residual fuel. For more complex cases of multiple fuel types
and/or a net change in reused fuel or residual fuel, the effective fuel carbon fraction can be calculated
as (1S0O, 2019):

% type[CFracfyeraf.type* Meypei—Meype,f)]
Mfuel

CFracess = (3.9)

Where;

o CFracer is the effective fuel carbon fraction, in g/g;
o CFracelaftype is the as fired fuel carbon fraction for each fuel type, in g/g;

o Muypei is the initial mass of each fuel type, in kg;
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o Muypetis the final mass of each fuel type, in kg;

o  Mpe is the total mass of fuel consumed, in kg

This study utilized fuelwood consumption to CO2> emission conversion equation developed by
Intergovernmental Panel on Climate Change (IPCC, 2006): The IPCC provides comprehensive
guidelines and emission factors for estimating greenhouse gas emissions, including CO2 emissions
from biomass combustion. First the average daily fuel wood consumption is need to be converted to
average annual fuelwood consumption per household. To convert daily fuelwood consumption per
household to annual fuelwood consumption, multiply the daily consumption by the number of days
in a year (IPCC, 2006). Here is the equation 3.10 below.

Annual Fuelwood Consumption = Daily Fuelwood Consumption x Number of Days in a Year (3.10)

Where:

o Daily Fuelwood Consumption: the measure or observed the amount of fuelwood consumed
by a household in a single day. This can be done by weighing the amount of fuelwood used
over a typical day or by using any available records or data.

o Number of Days in a Year: Typically, a year consists of 365 days. However, if you want to
account for leap years, you can use the value of 366 days.

o Annual Fuelwood Consumption: Multiply the daily fuelwood consumption by the number of

days in a year using the above formula.

The conversion of fuelwood consumption to CO2 emissions depends on several factors, including
the type and moisture content of the fuelwood and the efficiency of the cooking device. The general
formula for estimating CO2 emissions from fuelwood consumption is show in equation 3.11 (IPCC,
2006).

CO, Emissions (Kg) = Fuelwood Consumption (kg) x Carbon Content (%) x Emission Factor (3.11)
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Where:

o Fuelwood Consumption (kg): This refers to the amount of fuelwood consumed in kilograms per
day.

o Carbon Content (%): The carbon content represents the portion of the fuelwood's weight that is
composed of carbon. The carbon content varies depending on the type of wood but is typically
around 50%.

o Emission Factor: The emission factor represents the amount of CO2 emitted per unit of carbon
burned. The emission factor also varies depending on factors such as fuelwood type and
combustion efficiency. The emission factor for well-dried hardwood can be estimated to be

around 3.67 (kg CO2 emitted per kg of carbon burned).

3.3.4 Household Air pollution measurement

Field emission measurements can be performed using the total capture method by adopting the
laboratory-based total capture measurement described in ISO 19867-1. Since whole capture
measurements can be performed in the field, but there are other factors to take into account and
practical challenges involved, so the partial capture survey with carbon balancing calculations was
also done to get the GHG emission reduction potential of Tikikil and Mirt from field measurements
(1SO, 2019).

Emissions samples were taken during cooking tests in the participants' houses, where cooks were
told to make a meal as usual without changing the way their stoves operated or their cooking methods.
Pollutants from cooking appliances can have an impact on both health and the environment. With
respect to cooking technology, fuel type, and fuel condition, there can be significant variations in the
pollutant composition and emission rate. In order to compare different types of cooking systems,
track performance changes over time, and contribute to studies that are pertinent to human health

and the environment, emission measurements are used (Smith et al., 2007).

In this study, Berkeley Air Monitoring Group's Platform for Integrated Cook Stove Assessment
(PICA) software and the Particle and Temperature Sensor (PATS+) device were used to measure the
concentration of PM2s. PATS+ is a battery-powered, portable device that records data and measures

particulate matter (PM2.5) concentrations in real time. With a lower and higher particulate matter
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detection limit of 10-20 g/m3 and 30,000-50,000 g/m?, respectively, PATS+ light-scattering particle
sensors has a photometer that measures a very wide range of particle concentrations and responds to

an average concentration of particles (Berkeley, 2016) (Look at Appendix C2).

In accordance with the manufacturer's instructions, initial and end zeroing were performed before
and after each sample measurement using an airtight zeroing box with a high-efficiency particulate
absorbing (HEPA) filter, and PM2s concentrations were measured over the course of a 24-hour
period using one-minute logging intervals. Given that they react continuously and reliably to
increased particulate matter concentrations, PATS+ photoelectric signals are practical and affordable

for use in rural areas of low-income countries (Tamire et al., 2021).

Maximum, mean and median PM2;s levels were measured in the 20 households using PATS+. The
PATS+ devices were in place in households’ cooking/baking areas for 24 hours. Because most of
households typically cook their meal three time per day, all households should have cook at least

three time during the 24-hour monitoring period.

Continuous emission measurements would be made during the whole cooking process, including the
background conditions before lighting, lighting during cooking, burnout, and background conditions
after burning out under controlled cooking method of specifying the cookstove in the household.
Alternately, a typical burn cycle should be picked in the event that the cookstove is continuously

used, such as when heating cookstoves.

To ensure the accuracy of the measurements, PATS+ were placed out on the wall inside the kitchen
in accordance with the location recommendations made by Berkeley Air Monitoring Group. Hence,
particle monitoring equipment’s was installed in the kitchen at a height of 1.5m, which is
approximately equivalent to a standing woman's breathing zone, with free airflow, away from doors
and windows to prevent measuring ambient air entering the space, at least one meter away from the
edge of an active cooking stove to prevent undue influence from a point source, and in a safe and dry
location. The data collector and field guides explained the processes to the mother and the male
family leaders. They maintained an eye on the devices to prevent data loss caused by instrument
failures in the field (Berkeley, 2005).
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The data collector needed the mother's 24-hour schedule because she usually prepares meals for the
family before starting the device installation process. Families were given a different appointment if
they planned to travel, attend any events, or participate in any community holiday celebrations. This
is due to the likelihood that the cooking procedures don't occur or that their neighborhoods uses
unusual cooking techniques, which raises the particulate matter concentration inside their home that
is derived from the ambient environment. And also Fridays were specifically excluded because they
are practically the only day that rural women in attendance at the city market. All of the households
provided 24-hour measures, despite the fact that the measurements began at various times for
practical reasons. Peak PM_s concentrations were compared to meal preparation times during the
data collection period (the mother was asked to record cooking activities that had occurred within
the previous 24 hours) (Pillarisetti et al., 2017).

Before and after being deployed in each households, the instruments (n = 4) were zeroed in a zeroing
box for 30 minutes. In this study, we did not compare our results to gravimetric readings. Bluffstone

et al. (2019) Performed calibration using gravimetric filters co-located for 25 hours in 50 households

of rural Ethiopia and discovered an adjustment factor of 0.8065, which we used for all PATS+

LI
T
i

readings.

Figure 10: kitchen instrumentation for measuring cookstove emissions (picture credit: Dawit T.)
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The single-box model forecasts room concentrations using Kitchen characteristics and stove

emissions. Equation 3.12 provides a mathematical description of the model (1SO, 2019):

Co=ZL(1—e™ ™)+ Cole™™) (3.12)

Where;

o ("= Concentration of pollutant within the kitchen at time t (mg/m3);

o G=Emission rate (mg/min);

o f=fraction of fugitive emissions (measured as a fraction of total stove emissions);
o a=Nominal air exchange rate (min-1);

o V= Kitchen volume (m3);

o t=Time (min).
3.3.5 Cookstoves usability

Usability is a crucial consideration when deciding whether to buy or adopt an improved cookstove
and whether to use it regularly in the future. Usability can be expressed in terms of effectiveness,
efficiency, and user satisfaction. It assesses whether or not a cooking system can meet a cook's needs
within a specific setting. A cookstoves usability may vary depending on the end user, thus
measurements should be made among a variety of target populations. The cost and effort involved
in sourcing and preparing fuel; variety, control, and speed all come into play while cooking; are a
few usability factors. Operational aspects include fault tolerance, ease of use, and simplicity of
learning. Perceived comfort and aesthetic components; the cost and time necessary for both short-

and long-term maintenance, as well as site-specific requirements, including usage other than cooking.

Therefore, to obtain the most insightful results, the results of an observation and interview survey
were triangulated in order to evaluate the usability of the stoves. Appendices D1 and D2 consist of

respectively, the observational and interview questions.
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3.4 Data analysis

In order to determine the effects of each variable on the daily fuel and energy use of the household
as well as the acceptability of the stoves, the characteristics of the sample households were studied
using a descriptive statistics model. The Shell Foundation's Excel-based data and computation
software was used for the Control Cooking Test and Kitchen Performance Test. PICA software was

used to analyze the household's collected particulate matter concentration over 24 hours.

Paired t-test using IBM SPSS version 26 were also used to compare the means of the dependent
variables between Tikikil and Mirt stoves users and Choche stove in order to identify statistical
differences. The statistical significance of the relationship between ICS adoption and household
cooking time, specific fuelwood consumption, and the amount of wood the stoves consume was also
determined. The typical household fuel usage was determined via measurements and a direct energy
use survey. The results were also used to determine the typical fuelwood and time savings as well as
the reduction in CO2 emissions for both Tikikil and Mirt stoves and Choche stove. P <0.05 was used

to determine the statistical significance level.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Household preliminary survey results

Among the households sampled (n = 38), only 6 (15%) were in the age group of above 53. The study
found that the mean (SD) age of the respondents was 41.29+ 12.9 years, indicating a relatively wide
age range. However, the majority of the respondents (84%) fell within the age group of 21-52 years
old of the main cook for the family, suggesting that this age range was the most represented in the

study.
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Figure 11: Tikikil Stove ready for dissemination

Out of the total surveyed respondents, 33 (86.8%) were male-headed, while 5 (13.2%) households
self-identify as female-headed. About 71.1% of respondents are protestant, and 28.9% are Ethiopian
Orthodox. Regarding their educational background, 12 (31.6%) respondents entered secondary
school, 15 (39.5%) began off in primary school, and 11 (29%) were found to be illiterate. The
spouses' levels of education were: 4 (10.5%) were illiterates, 10 (26.3%) started elementary school,
and 19 (50%) started secondary school. 31 (81.6%) women self-identify as housewives, compared
to only 7 (18%) who have worked on farms or in retail business. Above 84% of the household is

engaged in farming and wage work as primary income-generating activities, and the average monthly
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income is 5055 birr. Table 5 shows that of the households' total population, 10 (26.3%) are between
the ages of 5 and 6 and have greater than 9 family members for each, while 11 (28.9%) of the

households have more between 7 and 8 family members.

Despite having more than three rooms in the main house of an average home, 71% of cooks do their
cooking in a separate kitchen house. The kitchen was constructed separately from the main house.
24 percent of houses cook in the main house except for their bedrooms. only 2% do their cooking
outside on the uncovered land, and 90% of the households cook in the same place all year round.
The cooking area is 13.2 m? in average size. Although almost all cooks open the kitchen door and
windows when cooking, 97% of households have black soot deposits on the kitchen's wall and ceiling.
However, only 45% of kitchens also feature a ventilation opening for air flow between the wall and

the roof in addition to the door and windows.

All the surveyed households uses Choche stoves for cooking a meal for their family, irrespective of
cooking for sell or animal foods. A little more than half of the families had two or more cooking
stoves, and just 34% had just one Choche stove the charcoal stoves that were sometimes used to boil
coffee in the main homes. Only 21% of households have ever bough improved appliance for cooking,
yet 87% of cooks are aware of its availability and importance. Almost all cooks have plans to
purchase improved stoves, but 90% of them must consult their husbands before making any house

purchases.

For daily activities, fuelwood and charcoal are used in almost 95% of families. Girls and women
collect the fuel (84%), carrying it on their backs, while 16% do so using a cart. Cooking takes an

average of 3.3 hours, and 70% of cooks light their stove three times per day.

Table 5: Socio-demographic characteristics of the households, 2023 (n=38)

Variable Frequency Percent (%0)
Age

21-36 16 42.1

37-52 16 42.1

>=53 6 15.8
Household head

Male headed 33 86.8

Female headed 5 13.2
Education status of women

Iliterates 11 29.0
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Began Primary school 15 39.5
Entered secondary school 12 31.6

Education status of spouse’s

Iliterate 4 10.5
Began primary school 10 26.3
Entered secondary school 19 50.0
Religion

Orthodox Tewahido 11 28.9
Protestant 27 71.1
Income

farming and wage work 32 84.2
Labor and small business 5 13.2
Family size

3-4 7 18.4
5-6 10 26.3
7-8 11 28.9
>=9 10 26.3

As Soromessa et al. (2004) and visual inspection the community relied heavily on the natural forests
that were likely found in the highlands of the area and regularly used Acacia Abyssinica,
Terminalnalia Brownie, Eucalyptus Globulus, Eucalyptus Camaldulensis, Cuppressus Lustanica,
Gravilla Robusta, Cordia Africana, and Croton microstaches as their primary fuelwood for cooking.

The majority of households collect fuelwood from surrounding forests.

4.2 Kitchen energy consumption

Thirty eight households participated in a paired sample test that was conducted in accordance with
the guidelines, which called for testing to be done on the Choche stove for three days straight to
measure daily fuel wood consumption, and then on the Tikikil and Mirt stoves in the kitchens of the
households for an additional three days.

4.2.1 Household daily fuel uses

Tables 6 shows compare the daily fuel and energy use of the Choche stove with that of the Tikikil
and Mirt stoves in the home after gathering the household's daily mass of fuel consumption, the
number of people in the household over the previous 24 hours, and the moisture content of the
sampled fuelwood. These calculations were done using the excel-based software developed by the

Shell Foundation. The Tikikil and Mirt stoves, as well as the Choche, use an average of 5.8 Kg and
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8.7 Kg of fuelwood each day, respectively. As a result, the Tikikil and Mirt in this study reduced
fuelwood use on average by 33.3%. According to Fekadu et al. (2021), this means that the improved

stoves can reduce deforestation and forest degradation by 20.2 to 42% compared to traditional stoves.

Table 6: Daily household fuelwood and energy consumption

N Minimu Maximu Mean Std. Variance

m m Deviation
Choche Daily fuel use (Kg) 38 4.30 12.50 8.723 2.262 5.120
Tikikil & Mirt Daily fuel use (Kg) 38 3.10 11.50 5.805 2.063 4.260
Choche Daily Energy use (MJ) 38 78.40 236.00 163.839 42.943 1844.132
Tikikil & Mirt Daily Energy use (MJ) 38 57.40 216.70  108.771 39.330 1546.850

4.2.2 The paired sample t-test comparing the daily fuel use

The paired sample t-test was used to compare the daily fuel use of Choche cooking stove and Tikikil
and Mirt cookstoves. The results showed that the mean daily fuel use for Choche cooking stove was
8.7237 kg (SD = 2.262), while the mean daily fuel use for Tikikil and Mirt cookstoves was 5.805 kg
(SD = 2.063). The paired differences between the two means were 2.91842 kg (SD = 2.651), which
was statistically significant (t (37) = 6.784, p <.001).

The 95% confidence interval of the difference in means was 2.046 to 3.790 kg, which did not include
zero. This indicates that the difference in means was statistically significant and that the Tikikil and

Mirt cookstoves were more fuel-efficient than Choche stove.

The correlation between the two variables was positive but weak (r =.251, p =.128), indicating that
there was some association between the two variables, but it was not strong enough to affect the

results of the paired sample t-test.

4.2.3 The paired sample t-test comparing the daily energy use

The paired sample t-test was used to compare the daily energy use of Choche stove and Tikikil and
Mirt cookstoves. The results showed that the mean daily energy use for Choche stove was 163.839
MJ (SD =42.943), while the mean daily energy use for Tikikil and Mirt cookstoves was 108.771 MJ
(SD =39.330). The paired differences between the two means was 55.068 MJ (SD = 49.179), which

were statistically significant (t (37) = 6.903, p <.001) (see Table 7).
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The 95% confidence interval of the difference in means was 38.903 to 71.233 MJ, which did not
include zero. This indicates that the difference in means was statistically significant and that the

improved cook stoves used less energy than Choche stove.

Table 7: paired samples t-test of daily fuel and energy use of the stoves

Variable Mean Paired difference SD t(df) p-value
SD mean

Pair1  Choche stove daily fuel use (kg)  8.723 2.651 2.918 2.26  6.784(37) <.001

Tikikil and Mirt stove daily fuel ~ 5.803 2.06
use (kg)
Pair2  Choche stove daily energy use 163.84 49.179 55.068 4294  6.903(37) <.001
(M)
Tikikil and Mirt stove daily 108.77 39.33

energy use (MJ)

4.2.4 GHG emission reduction potential of the stove

Average fuelwood consumption per year per household was calculated using the amount of daily
wood used and the 366 days per year utilizing equation 3.10.

The typical annual fuel usage of the Choche vs. Tikikil and Mirt stoves is 3,192.87 kg/year/HH and
2,124.74 kglyear/HH, respectively. By employing Tikikil and Mirt stoves in homes, households save
1,068.13 kg of fuel annually, this result is appear to be slightly lower than to what Wassie and
Adaramola found in their independent analyses of the Mirt, Gonziye, and Tikikil stoves (Wassie &
Adaramola, 2021) This might be brought on by the traditional stove used as a baseline and various
estimating techniques. But in the study carried out in southern Ethiopia by (Dresen et al., 2014), the
usage of Mirt stoves might save 1280kg per household per year, and this result is more similar to this

study's findings.

The amount of CO, emission of the fuelwood was calculated by using the mean annual fuelwood
consumption of the stove in Kg, the carbon content of the wood, taking 0.5% and emission factor

3.67 (kg CO2 emitted per kg of carbon burned) calculated as Equation 10.11.

The household would therefore emit 5,858.9 kg of CO2e per year from using the Choche stove, while
3,898.89 kg of CO2e would be released into the environment by users of the Tikikil and Mirt stoves.
The difference between the two types (Choche and Tikikil and Mirt) of stoves in CO2 emissions is

1.96 metric tons per year per household.
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Wassie and Adaramola found that Mirt, Gonziye, and Tikikil stoves can reduce emissions by 2.82—
3.43 tCOze per stove per year when compared to three-stone fires or open fires. However, this study
differs from their findings in that it used the Choche stove. The mean adult equivalent in the sampled
home is 5.4, and the yearly CO emission reduction caused by ICS is thought to be 0.36 tCO. per
person (Wassie & Adaramola, 2021).

4.3 Relative fuel consumption of the stoves

The equivalent dry fuel and specific fuel consumption and also total cooking time of Choche and
Mirt stoves was evaluated by taking 21 subsamples from the 38 total household to bake injera in the
in the selected household kitchen with three replication tests. Data was collected from the household

kitchen by applying the control cooking test (CCT).

4.3.1 Equivalent dry wood consumption

In this measurement the fuel wood consumption in each cooking session in the households and the
paired samples t-test was conducted to compare the mean equivalent dry wood consumed (in grams)
between Choche and Mirt cooking methods. The results show in Table 8 that the mean equivalent
dry wood consumed for the Choche stove was 6657.00 grams with a standard deviation of 779.55,
while the mean equivalent dry wood consumed for Mirt stove was 5333.38 grams with a standard
deviation of 778.83.

Table 8: Equivalent dry wood consumption of Choche and Mirt

Mean N Std. Std. Error

Deviation Mean
Pair 1 Choche equivalent dry wood consumed (g) 6657.00 21 779.55 170.11
Mirt equivalent dry wood consumed (g) 5333.38 21 778.83 169.95

The paired differences between the two cooking methods was 1323.62 grams with a standard
deviation of 632.92 and a standard error mean of 138.12. The 95% confidence interval of the
difference was between 1035.51 and 1611.72 grams (Table 9). The t-value was 9.58 with 20 degrees
of freedom, and the p-value was .000, which is less than the alpha level of .05, indicating that the
difference in mean equivalent dry wood consumed between the two methods is statistically

significant.
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Table 9: paired sample t-test between Choche and Mirt equivalent dry wood consumption

Paired Differences t df Sig(2-
tailed)
Mean Std. Std. 95% Confidence
Devia Error Interval of the
tion Mean Difference
Lower Upper
Pair ~ Choche equivalent 1323.61 632.9 138.11 1035.52 1611.72 9.58 20 .000

1 dry wood 2
consumed (g) Mirt
equivalent dry
wood consumed

(¢))

Therefore, as other literature concluded that this study also find that the Mirt method consumes

significantly less equivalent dry wood compared to the Choche method (Wassie & Adaramola, 2021).

4.3.2 Specific fuel consumption

The paired samples t-test was conducted to compare the mean specific fuel consumption of injera
baking in households (grams of fuelwood consumed per kilogram of injera baked) between the
Choche and Mirt methods. The results show that the mean specific fuel consumption for the Choche
stove was 609.52 grams of wood used per one kilogram of injera baked, with a standard deviation
of 65.83, while the mean specific fuel consumption for Mirt stove was 444.95 grams of fuelwood

used over one kilogram of injera baked, with a standard deviation of 59.48 (Table 10).

Table 10: Mirt and Choche's respective specific fuel consumption

N Minimum Maximum Mean Std.
Deviation
Choche specific fuel consumption (g/kg) 21 455.00 770.00 609.52 65.84
Mirt specific fuel consumption (g/kg) 21 316.00 530.00 444,95 59.49

The paired differences between the two cooking practice were 164.571 grams per kilogram with a
standard deviation of 54.367 and a standard error mean of 11.864. The 95% confidence interval of
the difference was found between 139.823 and 189.319 grams per kilogram (Table 11).

The t-value was 13.87 with 20 degrees of freedom, and the p-value was .000, which is less than the
alpha level of .05, indicating that the difference in mean specific fuel consumption between the two

methods is statistically significant.
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Table 11: Paired sample t-test of specific fuel consumption of Choche and Mirt stoves

Paired Differences t df Sig(2-
Mean Std. Std. 95% Confidence tailed)
Deviati Error Interval of the
on Mean Difference
Lower Upper
Pairl  Choche specific fuel 164.5 54.37 11.86 139.82 189.3 13.87 20 .000
consumption (g/kg) 7 2

- Mirt specific fuel
consumption (g/kg)

The result in the mean difference (equation 3.5) from the two variable tests is 27%, which is in the

range of 20—30% difference in specific fuel consumption.

Therefore, it can be concluded that the Mirt method has a significantly lower specific fuel
consumption compared to the Choche method and according to Adem and Ambie (2017), the lowest
result of specific fuel consumption of traditional stoves from the Werkenesh study is 630 g/kg, while
the average is 929 g/kg baking injera, on contrary to this study on Choche average specific fuel
wood consumption is 609 g/kg. The specific fuel consumption result of three-stone open-fire stoves'

differ significantly from Choche.

4.3.3 Total cooking time of the stoves

The paired samples t-test was conducted to compare the mean total cooking time (in minutes)

between Choche and Mirt methods.

The results show that the mean total cooking time for Choche method was 99.90 minutes with a
standard deviation of 4.51, while the mean total cooking time for Mirt method was 95.47 minutes

with a standard deviation of 7.51.

The paired differences between the two methods were 4.42 minutes with a standard deviation of 5.88
and a standard error mean of 1.28. The 95% confidence interval of the difference was between 1.75
and 7.12 minutes (Table 12).

The t-value was 3.45 with 20 degrees of freedom, and the p-value was .003, which is less than the
alpha level of .05, indicating that the difference in mean total cooking time between the two methods

is statistically significant.
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Table 12: Parred differences in total cooking time of Choche and Mirt stoves

Variable Mean Paired difference SD  t(df) p-value
SD mean
Pair1  Choche total cooking time (min)  99.90 5.89 443 4.52 3.447(21) <.003
Mirt total cooking time (min) 95.48 7.51

Thus, it can be stated that as compared to the Mirt cookstove, the Choche stove significantly increases

the total cooking time.

4.3.4 Specific energy consumption

The researcher calculated the total energy consumption each session from equations 3.3 and 3.4,
using the energy content (lower heating value) of Eucalyptus globulus, which is 18.84 MJ/kg, and
an average Choche equivalent dry wood consumption is 6.66 kg of wood. The average energy intake
would be of 125,474 KJ, which is used to prepare 10.91 kg of injera. As shown in Figure 12, a
specific energy consumption of 125,474 KJ/10.91 kg, or 11,498 KJ/kg, would result from this. When
using the same species of wood for baking injera, the Mirt stove requires 5.33 Kg of dry wood per
session. The average energy consumption would be 100,417 KJ and specific energy consumption
would be 8,389 KJ/kg. The percent difference in energy consumption between the two variables is
27% based on the equation 3.5.

Average Specific Energy Consumption, n=21

14,000

12,000
< 10,000
8,000
6,000
4,000
2,000

0

SEC (KJ/k

Mean

B Choche specific energy consumption (kJ/kg)

W Mirt specific energy consumption (kJ/kg)

Figure 12: The average specific consumption of energy of Choche and Mirt
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4.4 Household air pollution (HAP)

The study used data from 20 households in three villages. Two of the 20 households selected were
excluded from the Tikikil and Mirt stove tests because they did not follow their normal cooking
routines. The kitchen of almost every home has a Choche stove, which is used for daily cooking. As
Table 13 shows, the summary statistic for the PM2 s emission measured during the cooking events in
households that were subjected to HAP monitoring (n = 20) for the kitchen PM25 concentrations.
The average PM2 s concentration with the Chocho stove is 1102+408.6 pug/m3, while it is 749.6+225.1
pg/m?® with the Tikikil and Mirt stoves, this figure is about 45 times and 30 times the WHO 24-hour
guideline of 25 pg/m?® of household air pollution. The relative difference in mean between the two
variable stove types is 32.6 % emission reduction by Tikikil and Mirt stoves. The result of the data is
generally in line with the previously reported estimate by Bluffstone et al. (2019). The average
maximum PMzs concentration for the two variables is 42,939 pg/m®. Average maximum
concentrations in households using Tikikil and Mirt stoves are lower than those using Choche stoves
(39,195 g /m® vs. 46,683 ug /m3).

Table 13: Paired sample statistics of PM2.5 emissions from ICS and choche stoves in the kitchen

Mean Median Maximum
Choche PM2s emission 1,102.1 (419.3) [20] 28.3 (21.5) [20] 46,683.8 (4,783.1) [20]
Tikikil & Mirt PM2s emission 742.6 (217.3) [18] 22 (10.8) [18] 39,195 (6796) [18]

Standard deviations in parentheses and sample size in brackets.

A typical time series for a 24-hour monitoring period is shown in this line graph, with all plots
showing minute-by-minute data, as shown in Figure 13. The green line shows the PMas
concentration data from the PATS+ devices placed in the kitchen and the associated concentrations
from the PATS+ monitors in the given rooms. The greatest concentrations coincided with the times
that the household typically cooks and meals (lunch, breakfast, and supper), and they also matched

the activity report that the mother of the home provided.
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household 24-hour PM data
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Figure 13: 24-hour typical household kitchen PM2 s concentration

4.5Tikikil and Mirt stove usability

Observation and household stove survey is an important tool for determining whether the new
cookstove model is acceptable by the cook. The planned method of observation was carried out in
38 houses by applying the serious observation questions as shown in appendix E. A serious
observation was conducted after three days of use of the Tikikil and Mirt stoves that were provided
to the home following an interview with the cook on the first day. It’s believed that observation

results are crucial for understanding the real-world dynamics of cookstove adoption.

The results of the t-test showed in Table 14 that the mean fuel preparation time for the Chocho stove
was 0.00 minutes and for the Mirt stove was 14.52 minutes. The paired differences between the two
stoves were -14.524 minutes, with a standard deviation of 5.297 and a standard error mean of 1.156.
The 95% confidence interval of the difference was between -16.935 and -12.112 minutes. The t-
value was -12.564 with 20 degrees of freedom, and the p-value was .000, which is less than the alpha
level of .05, indicating that the difference in mean fuel preparation time between the two methods is
statistically significant. Thus, from user's observation of cooking events using the Mirt stove,
thinning the wood before beginning the baking process takes an additional mean of 14.52 minutes

for fuel preparation time compared to the Chocho stove.
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From the observational records, a paired sample t-test was conducted to compare the mean lighting
time required (in minutes) between Choche and Mirt methods. The results show that the mean
lighting time required for the Choche method was 0.00 minutes, while the mean lighting time
required for the Mirt method was 13.29 minutes. The paired differences between the two stoves were
-13.29 minutes, with a standard deviation of 4.75 and a standard error mean of 1.04. The 95%
confidence interval of the difference was between -15.45 and -11.13 minutes. The t-value was -
12.83 with 20 degrees of freedom, and the p-value was .000, which is less than the alpha level of .05,
indicating that the difference in mean lighting time required between the two methods is statistically

significant.

On a Choche stove, there is no need to light it every cooking time; however, a Mirt stove needs to be
lit for an average of 13.29 minutes. Additionally, the majority of them (60%) ignite the stove with

plastic bags to light each session.

Therefore, lighting is an essential factor for the cook and has an impact on time. It requires a
significantly longer lighting time compared to the Choche stove and has the environmental negative

consequence of air pollution from the burning of plastic bags.

The Choche stove mean tending and refueling period was 1.81 moments while the Mirt stove mean
tending and refueling period was 6.38 moments, the results of the paired sample t-test. With a
standard deviation of 2.36 and a standard error mean of 0.52, the mean differences between the two
stoves were -4.57. The difference's 95% confidence interval ranged from -5.64 to -3.49. The
difference in mean tending and refueling periods between the two stoves is statistically significant,
as shown by the t-value of -8.89 with 20 degrees of freedom and the p-value of .00, which is less
than the alpha level of .05. Hence, The Mirt stove requires substantially more tending and refueling
than Choche stoves; the average difference is 4.57 times. This is because the Mirt stove consumes

little, tiny fuelwood.

In response to the error made when baking, the Choche stove's mean user error was 3.62, whereas
the Mirt stove's mean user error was 1.86. The averaged differences between the two stoves were
1.76, with a 1.48 standard deviation and a 0.32 standard error mean. Between 1.09 and 2.43 was the

difference's 95% confidence interval. The difference in the mean user error between the two stoves
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is statistically significant, as shown by the t-value of 5.45 with 20 degrees of freedom and the p-value
0f.000, which is less than the alpha level of .05 and therefore, Mirt stove can reduce the user’s error
significantly lower compared to the Choche stove users. The majority of mistakes were caused by
fires went out outside of the stove surface area, cooks supplying too much fuel, and improper

refueling techniques.

Table 14: cook observation of cooking activities in Chocho and Mirt stoves

Variable Mean Paired SD t(df) p-value
difference
SD mean
Pair 1  Choche stove fuel preparation time .00 .00
(min)
Mirt stove fuel preparation time 1452 5.29 14.52 5.29 12.56(20) .00
(min)
Pair 2  Choche stove lighting time (min) .00 .00
Mirt stove lighting time (min) 13.29 475 13.29 1.04 12.83(20) .00
Pair 3 Choche stove tending and refueling  1.81 75
average (x)
Mirt stove tending and refueling 6.38  2.36 4.57 2.16 8.89(20) .00
average (x)
Pair 4 Choche stove user error average (x)  3.62 1.48 1.76 1.28 5.45(20) .00
Mirt stove user error average (X) 1.86 .79

The frequency tables, as shown in figures 14 and 15, indicate the distribution of observations for the
visibility of fire and soot deposited on the pot for the Mirt and Choche cooking methods. On Mirt,
71.4% rated the fire visibility as "Best," while 28.6% claimed it was "Good." 47.6% felt the soot on
the pots was "good," and 52.4% found it was "Fair." The visibility of fire was rated as "Poor" by
66.7% of Choche residents and "Fair" by 33.3%. 38.1% of respondents rated the soot that had been
left on pots as "Fair," while 61.9% felt it was "Poor." Therefore, it was also evidence of fire visibility,

and the Choche stove produced far more soot in the pot than the Mirt stove.
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Figure 14: Frequency table observation of fire visibility in Mirt and Chocho stoves
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Figure 15: Frequency table observation of soot deposited in Mirt and Chocho stoves

When the cook was asked about what they liked about the primary stove, the majority of respondents
(86.9%) said that it cooked food quickly, did not require regular lighting, and was unaffected by the
wind. The responders, when asked what they didn't like about it, all agreed that it uses a lot of
firewood and emits a lot of smoke 86.8% of the respondents had heard of ICS, and no one of the
households has this advanced technology. The reasons given were: 71.1% don’t have much money
to buy the product; 10% don’t know where to find the products; and the remaining were comfortable
with the Choche stove and cooking habits. As a result, a number of reasons, such as a lack of stove

availability, a lack of knowledge about the stove's benefits, the stove's producer’s shade or home
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distance from the market, and its fixed character, prevented the Mirt stove from being widely adopted

at the surveyed sites.

The economical barrier is one of the main impediments to the household implementing the improved
cookstoves. According to this study, the husband is the one who decides whether to purchase
household goods. Only 40% of the respondents made their own decision, whereas the husband or
both partners typically decide on household purchases that mean the cook are economically
dependent on the spouse. Other researches were also indicate socioeconomic impacts have negative
effect on the adoption of improved cookstoves (Asfaw, 2011; Beyene & Koch, 2013; Kebede et al.,
2022).

User acceptance and satisfaction are also another crucial factors influencing improved cookstove
adoption. From the surveyed household the cook were asked which design more preferred by them
and their preference is more flexible type to support any type of pot and studies were also have
highlighted the importance of considering user preferences, cultural practices, and cooking habits
when designing and promoting improved cookstoves. User involvement and feedback in the design
process have been found to increase acceptance and sustained use of the stoves (Jeuland et al., 2020;
Yayeh et al., 2021).
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

5.1 Conclustion

The new field testing standard is an effective tool for evaluating the performance of the improved
cookstove in real world kitchen of the households. The performance of the Tikikil and Mirt improved
cookstoves demonstrates their enhanced efficiency compared to the Choche stove. The Improved
cookstoves show better fuel utilization, reduced cooking time, and improved heat distribution,
resulting in more efficient and effective cooking. These cookstoves exhibit lower emissions of
harmful pollutants such as particulate matter (PM). As a result, these improved cookstoves have a

positive impact on household health by reducing exposure to indoor air pollution.

The test confirms their ability to mitigate indoor air pollution, thereby reducing health risks for
household members. The test reveals that improved cookstoves achieve significant fuel savings due
to their enhanced combustion efficiency. This can be translated into cost savings for households and
reduces the reliance on biomass fuels, leading to environmental benefits and a lower economic

burden.

The acceptability test highlights positive user feedback and acceptance of Mirt stove. Users
appreciate the improved performance, reduced smoke emissions, and time-saving benefits. The
cookstoves are seen as reliable, convenient, and easy to operate, which contributes to user satisfaction
and encourages sustained adoption. Users express high satisfaction with the Mirt injera baking
stove's performance and overall usability. Tikikil cooking stove were not found to align well with
local cooking habits and preferences, negatively impacting their overall acceptability. Chocho is a
traditional cooking method that is well recognized and practiced in every home, and it is more

acquainted and comfortable with the assessed households' traditional cooking methods.

The test results highlight barriers or challenges to the widespread adoption of improved cookstoves.
In the surveyed households, affordability, cultural preferences, availability of cookstoves, and lack

of awareness were the major barriers to the adoption of improved cookstoves.
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5.2 Recommendation

Based on the test results, further research is needed to evaluate the long-term durability, safety,

maintenance requirements, and acceptability of ICS in various agro-ecological, cooking habit,

tradition, fuel and food type, and socioeconomic characteristics of diverse societies prior to the large-

scale dissemination of the stoves. Major suggestions from this study include the following:

Understand cooking practice of the community prior to design and development of the stove.
Involve end-users in the design and development process of improved cookstoves to ensure their
usability, acceptability, and cultural appropriateness. Gather feedback and insights from users to

refine stove designs, taking into account cooking habits, preferences, and local culinary practices.

Advocate for supportive policies and regulations that enhance the adoption and affordability of
improved cookstoves. This can include incentives, tax breaks, or subsidies for households or
manufacturers involved in the production and use of improved cookstoves.

Effort should be made to increase awareness and adoption of improve cookstove. Increase
awareness and education programs to inform communities about the benefits of improved
cookstoves, including their fuel efficiency, health benefits, and environmental impact. This can
be done through community outreach, demonstrations, and informative campaigns targeting
households, local leaders, and relevant stakeholders.

Foster partnerships and collaborations between government agencies, non-governmental
organizations, private sector entities, and research institutions to leverage resources, knowledge,
and expertise. Collaborative efforts can accelerate the adoption and scale-up of improved

cookstoves through coordinated interventions, policy support, and shared learning.
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APPENDICES
Appendix A: Household sample size table for a before and after study design (Edwards et al.,
2007)

Coefficient of Variation

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110% 120% 130%

5% 31 126 283 502 785 1130 1538 2009 2543 3140 3799 4521 5306
10% 8 31 71 126 196 283 385 502 636 785 950 1130 1326
15% 3 14 31 56 87 126 171 223 283 349 422 502 590
20% 2 8 18 31 49 71 96 126 159 196 237 283 332
25% 1 5 11 20 31 a5 62 80 102 126 152 181 212
30% 1 3 8 14 22 31 43 56 71 87 106 126 147

E 35% 1 3 6 10 16 23 31 41 52 64 78 92 108

'l 40% 0 2 a 8 12 18 24 31 40 49 59 71 83

E as5% 0 2 3 6 10 14 19 25 31 39 a7 56 66

Pl 50% 0 1 3 5 8 11 15 20 25 31 38 a5 53

= 55% 0 1 2 4 6 9 13 17 21 26 31 37 a4

[l 60% 0 1 2 3 5 8 11 14 18 22 26 31 37

Pl 65% 0 1 2 3 5 7 9 12 15 19 22 27 31

=) 70% 0 1 1 3 4 6 8 10 13 16 19 23 27
75% 0 1 1 2 3 5 7 9 11 14 17 20 24
80% 0 0 1 2 3 4 6 8 10 12 15 18 21
85% 0 0 1 2 3 4 5 7 9 11 13 16 18
90% 0 0 1 2 2 3 5 6 8 10 12 14 16
95% 0 0 1 1 2 3 4 6 7 9 11 13 15
100% o] o] 1 1 2 E] 4 5 & =] 9 11 13
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Appendix B1: Consent form

PovLBG 0OTPPrE PX

mS LOPATTE 9% LOAA: AU AHY fernu-t (AP SPF TAM (0AA
LLACAL BRTACE, A0t 0380 20 71004 P70vEGT 4.6 +18) ATLNBLD- TG a0l B AdPANAN 1@-x: 9TGE GAT]
AR PO TTNAL FPLEPTT N7 MPa>G (1772 Mbav: avGLP (LRF AR 091,50 09712 A PP AG LT O-OTF BP0 PaPEMC
APPPT AR PAD-T ALY ATIOP1D-: (HUIP aPlt (VAR OLI° NP0 TAF 9718 AnPPI™T AP0t HnFJe $5F P
7 P00 920 NaPQAN 084 AG 1BA Al 29102 SIPGA:: (FenI89° NTLATPE P°CT AG Thhd PP EPTF K190~
AP0 91 Al PULNG@7 IPSA:: N9PF4e (L 991.4.mCT (L PPPT TTL-TICTT AdPAnd (T @O AYE het 0%t
OPATS+ At 0ten1é 2aNANA::

(LY 7SF 007 NPNAD Dtarlme WHFANT avhnd ACAPI° (PP TP ACOADI° W84S +INHPA = T1C 17 NILY TG AL
WA T4 PP IME PP PO TG & FLTNPE F 1011 ava+q PATPATE av-(F AAPF:: PPNIOET APPCE TOET (9775 D90
1H AooF@- eFAN: ALY 9°CI°C P90.amet aol8 TLOATCrE eFm0P 10+ QU avlB OF. DIOTeAC PoolE R (LtHAAE
PACOLT Q9° MRI° A& e At E @A AAGN:: QU PavlE RTHNAT IO NF LHTHGA :: PHY TOT O-mATFT AACAP AS
ATIOZAND T NTLHDE. avl T AR AG D07 (MFRLTIST° NAIC APG AS NGAT° APT: DI4.LN AG NaPX AT AL T EY
AGPCAAT:: ACAP APAL PTLLOTADY TTIED39° avlB AG D9 AAHY TST 915 @-9° P9 WAPT 2961 QAT AF

4e+ ran7 a (09--------- ) £1,994.::

QA TR ANGALD: aol8 (TL0Y £ FATPTA  WHBUI° TPIITPIOTT AL (T OO U, .98 T ATLIVTA
FLF AU (FaT189° DAL PFMPATT avlBPTF (LD 9058 (TS E ATPATE .PLE T e &CTIPHT PAPI° M

= 4CT/ /

D LPLE RELAVT (PACPMEET PRCM: KG ATPOTIO: LAGOE)
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Appendix A2: consent form

Consent Form

Selam, my name is . We are working for Dawit Tibebu, (Addis Ababa
University, Addis Ababa Institute of Technology) Master Thesis study. We are conducting research
on acceptability assessments and performance measurement for cookstoves (Tikikil and Mirt). The
goal is to determine how well various cookstoves perform in homes in terms of lowering fuel and
wood use. Only half of the study's involved residences will have their emissions and CCT assessed.
If you agree to participate in the study, a member of the research team will come to your home 15 to
30 minutes before you intend to start cooking to measure the amount of fuel used and perhaps the
amount of smoke produced by your cookstove. Weighing your fuel inventory before and after you
cook will allow us to determine the total amount of fuel consumed to accomplish the cooking event.

We will set up equipment to measure the air pollution just above the cookstove if emissions are
measured during the event. Once cooking is finished, the setup will take about 30 minutes, remain
in place for 24 hours, and then dismantle again in about 15 minutes. The equipment is secure and
won't annoy you or interfere with your cooking. We may also quiz you on your cooking habits and
take pictures of your hob, fuel sources and kitchen space.

You have the right to stop participating at any moment if you decide to do so. You or any member
of your family cannot be identified in the reports that are generated from the study since all of the
data we gather will be kept anonymous. You will receive Mirt and Tikikil free of charge for testing
purposes and to encourage your involvement in this study. You can call us at the numbers below if
you have any queries about the study at any time. If you're interested in participating or have any
queries, please let me know today.

(Select one)
Accepted Declined

Participant Name HH Code

Participant Signature

Husband Signature if required

Date:
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Appendix B: BASELINE HOUSEHOLD SURVEY QUESTIONS

Field Testing of Improved Biomass Cookstoves (Tikikil and Mirt) in Rural Households of
Southern Ethiopia: The Case of Gamo Zone

Tools for Baseline Data Collection

General information

Household ID: /

GPS Co-ordinates:/

Kebele : /

Sub Kebele (Got):/

Name interviewer:/

Date of interview: /

Season of the year: /

e Rainy (it has rained in the last two weeks) :/
e Dry (it has not rained in the last two weeks) :/
e Interview Start time / /End time /

/

/

AMPAL avlF
0.k avA P &7C. / /
P8 Thi a1 e/ [ ePNA.@. (9P !
[ A% NFa./rr A9°: / /
?mfee@. (9° : / /
e TePOT P / /
et reP0t Pt /
o HGOT] (MAST -0t AT AT HY I0C): / /
o L2391 (VA% U-AT A7t AT AAHING®: / /
o FPha@mEE LEalNT (YT 12040t 0%/ /



Part-1 : Socio Demographic and Economic Status Respondents

h&d-1 : etiF4.0- VNPT ADTILER -2

Na Questions Responses & TeEPT e+am- aoALT
101 | Age in complete years / / Years 101 | eare- 0£9% tmGPed Gavit / [ aavt-
102 | Marital status of the woman | 1. Married 4. Divorced 102 | ey +e-P 08¢ U~ 1. eaF 4. et4IF
2. Single 5. Separated 2. PAIQF 5. +ALL+D 01T
3. Widowed 6. Cohabited 3. PO 6. LaArt
103 | Religion of the woman 1. Orthodox 3. Protestant | 103 | ea e voa950F 1. ACH2ha 3. TCEAFTF
2. Muslim 99. Other/__/ 2. AP 99. A / /
104 | Educational status of the 1. Unable to read and write 104 | eqe-® PFIPUCT Ui 1. 990N AG A& PTPHTFA
woman 2. Read and write only 2. I AG ORG AF
3./ /™" Grade completed 3/ /7 e SmGPHT
105 | Educational status of the 1. Unable to read and write 105 | eaa er9ouCT Ui 1. T30 hS aP2G: P90 FA
husband 2. Read and write only 2. TN AG P& F
3./ /™ Grade completed 3./ /7hed emShd
106 | What best describes woman | 1. Housewife | 3. Business 106 | e ey 07¢- U<t O FAA 1. eOF hav(LF 3. 98
employment status? 2. Farmer 99. Other/__/ a9 IAO@- Ok 1D? 2. RCOAREC 99. AA/ /
107 | Individuals permanently Male / / Us/ /1107 | 029t 091.5% hnPaL 78/ / hs 05/ /
living in the household Female/ /| Total/ / earaN At | / mPAA | /
108 | Monthly/yearly income of In cash: / /birr | 108 | en+an @cYe/ Gav 3 0. 0re 17/ e
the family-- (in cash or in In kind: / (0T T30 DL NALYTT) AL /
kind) write all mentioned / PR Ul ©26- /
109 | Are you a member of any 1. Yes 2. No 109 | hca® haA PO PO 1. A9 2. eage
women groups? / / (+&73/70C AA? / /
110 | Do you have or own any of | Bicycle 1.Yes 2.No | 110 | hoibtat @0t haPt AhATF 1. A® 2. 9A9°
the following? Radio 1.Yes 2.No @RI AT 1PH? 0.0 1L h® 2 ea90
Mobile 1.Yes 2.No POeA 1LA® 2. 0Aa9®
Watch 1.Yes 2.No




Solar 1.Yes 2.No RGED 1. h® 2. PA9°
ModernBed 1. Yes 2.No 0AC 1. &# (e
Cows 1. Yes 2 No PPHONL: ADD 1. A® 2. 2A9°
Ot AT 1. A2 2. 20A9°
Oxen 1.Yes 2.No NPT 1L.A®  2.009°
Hens 1.Yes 2.No L.cPT 1. h? 2. ea9®
Horses 1.Yes 2.No eLot 1. h® 2. eag®
Honey bees 1.Yes 2.No peic L &2 2. a7
) oNET 1. A2 2 209°

LUL 1. Yes 2.No G00/0 Lh?  2.¢a
Goat/sheep 1.Yes 2.No Dé 1. h® 2. A
Farm land 1.yes 2.No ?a7h LG 1. A2 2. 209°
Bank account 1.Yes 2.No

Part-11: Housing Condition hed-11: 2§88 ok vt

111 | How many years since this / / years 111 | ey O DtOe O oot / | gavi

house is constructed? Pho<?
112 | Was there any maintenance | 1. Yes 2. No 112 | ey 0k ACAT HLCINTE 1. h® 2. AATLLINTIP
for the house so far? LM PA?

113 | House floor material 1. Earthen/Mud | 3. Cement | 113 | et @AA P+we-(F RA%h 1. héClps 3. TR
2. Plastic cover | 99. Others 2. eTAGth 99. A/ /

114 | Wall material of the house 1. Wood/bamboo | 3. Blocks 114 | ot 9298 o+wiNt 1. &Mt/ eechy 3. a0/ &30
2. Wood/Mud 99. Others PAPN 2. himtlopd 99. A/ /

115 | Roof material of the house 1. Thatch roof 115 | P07k eMSE et 1. ¢wIc Mee
2. CIS/ metal sheet ®Ak0 2. PBCHE MEP
99. Others/ 99. At F / /

116 | If CIS, the number of CIS / [ CIS 116 | necde ntae Py QHF / iy




117 | The number of roomsinthe | 1. Oneroom | 1. >3rooms | 117 | aa+ ot Pt hedoT 1. A7 hed 3. hoat heaet
home 2. Two rooms H+ 2. vt hgoeT g
118 | How many windows are Able to open/ [ 1118 | ok ot OFF v T Nt LT/
there in the house? Unable to pen / / Al? avng.t o9t |
119 | Are there any openings 1. Yes 2. No 119 | aok 091218 1S MEe 1. A? 2. PA9°
between wall and roof? ahhA hett An?
Part- I11: Kitchen and Stove Conditions hed-111: i Ok AT P7100L °LE M. v
120 | Location of kitchen 1. Separated from the main house | 120 | eh-is vk PoLT3OF 1. hPso- (T 1AL MA (LT
2. Room attached to main house 2. NPGO- O POH PHAP NEA
3. Inthe main living area in house 3. NPGD PIOTLE (L AT
99. Other / / '
99. da/
121 | What best explain the 1. Four walled structure 121 | el ok oo PPC I°7 1. AcoF 1298 PAD- AAMLE
kitchen structure? 2. Three walled structure £aPAAN? 2. ANk P98 CAD- NAMLE
3. Two walled structure 3. U-(VF P10918 PAD- NAMSE
4. No walls, but a covered roof 4. 108 PAADE MEE F
5. Inthe open ‘courtyard' 5. 0.0 OO het 03
122 | Size of the kitchen area Area/ /m? 122 | oniis vk 4 04t/ Jo32
123 | Kitchen door open to... 1. Outside of the house 123 | eniis vk OC 97 Lhdot@. 1. @ @.5p .
2. Inside of the house 2. @L MNT .
3. Both inside and outside 3. L U-\kI° Kb, ha.
124 | Are there any openings 1. Yes 2. No 124 | an<ti§ 0k 91218 AG M4 1. h® 2. PA9°
between wall and roof? aohhA hett An?
125 | Is the cooking done in the 1. Yes 2. No 125 | 9o -NaA Gav+y Qav-ie 1. h® 2. heLAd®
same place all year round? (Favade, 03 eNGOGA?




126 | Where did most of the 1. Separate kitchen from house | 126 | 014971 @#+ (0,0) ANHT @ 1. N0t @< 91898 KG MLP PAD-
cooking practice would be 2. Separate kitchen with a roof o901 99004 +10C 2. DO o< P NF PA.
done during the dry season? | 3. Outside in the open fire Lheo5a? 3. hOF o 0L 0 AL
4. Inside in a separate room 4. (OF @AT OTA° heA
5. Inside in a living room 5 LF At 0T
99. Other /| 99. A (294) / /
127 | Where did most of the | 1. Separate kitchen fromhouse | 127 | angaey @+ (hegor) 1. (it @ 2118 hG ML LAD-
cooking practice would be | 2. Separate kitchen with a roof AOHG @~ 293000 +0C ¢F 2. bt osp MLP NF PAD.
done during the rainyseason? | 3. Outside in the open air Lhemga? 3. hiF @< 0L 05 AL
4. Inside in a separate room 4. OF QAT 0P heA
5. Inside in a living room 5 (F QAT AAeY OO
99. Other / / 99. AA (294 / /
128 | Which types of stove do you | 1. Three stone or traditional 128 | P0P7 A7HNAA 01T 1. QAOYT FAF QUAR oL
use most frequently to cook stove prLnpav-t 971 et 2. A NARON.Q. PHAAA FOLT
your meals (observe ) 2. Other local modified stove L7 1.2 99. AA [ /
99. Other / /
129 | How many stoves are | 1. Oneonly 3. Threeand | 129 | AP @07 O7F PREPTTPP® | 1 e i MRS NI 1AL
actively in use in your home? | 2. Two only more AR GF@-? (P40 Tr) 2. vt OF
(observe all types )
130 | Does the current kitchen has | 1. Yes 2. No 130 | Av-? Po9.mbar-0F i (L Y : P9
a chimney? (observe) PIR() TV, AAD-? (0.4017)
131 | Is there black soot depositin | 1. Yes 2. No 131 | MGL@. ORI° 1LA/M. AL, .y . AP
the ceiling/walls visibly? 0908 P75 L THC PATE
( check ) AN? (RLI1T)
132 | What do you like about this | 1. Uses little firewood 132 | 0HT a7 PRETRT | 1. jupds ea12 emdbTiA
primary stove? 2. Cooks food quickly OL4SNT? 2. 99 NEPrF PANAA
3. Emits little smoke 3. fo( apm7 P TN
4. Easy to light; wind not affect 4. ATIPAMA PAN 1O 1140 ALM4IP
5. Safe to use while cooking




5. ALDeA@.g®
99. A/
133 | What do you NOT like about | 1. Uses lots of firewood 133 | 0t aATlanbe- (vt LT 1. QH 09912 Wt SmPbTIA
this primary stove? 2. Takes a long time to cook PIIRDG TR 10 2. ATHIAA LB9° LH LOASA
3. Emits lots of smoke ? 3. Q- B0 CODMA
4. Difficult to light 4. ATIPMMA h0e: 1@
5. Not safe while cooking 5. A0 eaNTAA
99. Other/ / 99. AA (,6‘7'%)/
134 | Have you ever heard of the | 1. Yes 2. No 134 | QA PHAAA PLEPT 1. h® 2. A9OF hAD-<pgo
improved biomass fuel AF°H@. LA Sh?
stove?
135 | If yes, why haven’t you 1. No interest 135 | A2 o't - A°7 SHAAA 1. §APF eATI9P
acquired an improved stove? | 2. No money PLEPTT AR MmPav-go? 2. TIHA PATP
3. Don’t know where to find 3. 0F ATRINTS ARAD-PIP
99. Other/ / 99. AA /
136 | Have you ever owned a 1. Yes 2. No 136 | hiv N&t+ e+AL A% 9Lt 1. ko 2. KAINZT
different new type of stove G 10 eTu-?
in the past?
137 | Are you planningtobuyan | 1. Yes 2. No 137 | A@L4A PHAAA JOR 1. h® 2. hAPLh-t9P
improved stove in the AU hPLPA?
future?
138 | If your household wanted to | 1. Myself 3. Me&My | 138 | (bFANP AG0 SA0N °F 1. héds 3. A3 AS 0A0E
buy a new improved stove, | 2. My husband husband T (L&A D-A3D7 2 QAMLE 99. A/
who would make the 99. Other/__/ PN 777 17
decision?
Part-1V: Type of Fuel Use and smoke Exposure hEFA-1V: 09112 41T KS P AP
139 | What type of fuel does your | 1. Primary / /1139 | AT APSTF AT PavgansQ | /
household mainly used for | 2. Secondary / / 0. b 972, (1P LI U | /
cooking? (Write in order) 3. Tertiary / / T AT 028 /




140 | Have you use more than one | 1. Yes 2. No 140 | na7e 7904° hATL NAL 1. k9 2. hAMmPIeI®
fuel per cooking? o922 421 LmPTIN?

141 | If yes, different fuel / 141 | Q0D O P+ALR 0712
combinations during dry TILATT L%
season /

142 | Different fuel combination |/ 142 | QnZgt oPt e+ALe
during raining season PR PIOLATT LRS-

/

143 | Who is collecting the fuel 1. Boys 3. Women 143 | aAHG @Y 11 e 1. @3¢ ALT 3. AGPF
most of the time? 2. Girls 4. Men Pan.ANANQ. Ty D7 2. Ak QBT 4. RO

144 | Do you dry the firewood 1. Yes 2. No 144 | eome. nrent? havmebgeP 1. h® 2. hALCPD.I®
prior to using it? 0&T CLCEIN?

145 | Is another fuel used to light | 1. Yes (specify) / /| 145 | PLEDTATIPNMA MATEE: 1. A% (2908 / /
the stove? 2. No TPI® AL LO-AAN? 2 RAMPIOP

146 | How many times a day do 1. Once 3. Threetimes | 146 | na7e:  ¢7 oAt a0 | 1. A% 3. otk LH
you light the stove for 2. Twice 4. >4times ATHIAA 97T PUA UL A 2 UL 4. 04 1H 048

inag?

cooking: PPMPAA?

147 | How many meals do you 1. Onemeal |3. >3meals | 147 | n¢7 a% a0 PHOEA? 1. K78 909 3. >3 oot
cook each day? 2. Two meals 2. Utk 9o

148 | What is the average time 148 | goapn A9-NAA N9
spent per day in cooking? f / hours ATTe At (9T Pmbae? / [ aart

149 | How often times you bake 1. Once 3. >3times | 149 | nagevk ot A% Lb 1. A8 3. >34
Injerain a week? 2. Twice WO B.01C? 2. UAF U

150 | Do you keep the windows or | 1. Always 3.Sometimes | 150 | 7°70 07LAAKOTF LH 1. vA1lh 3. AAE RAE
doors open when you cook? | 2. Most of the | 4. No at all mANFET ORI (CFT 2 (U 4. 0569°

times hevt PLCON?




151 | What did you do to reduce 1. Increased Ventilation 151 | hepeh FoAs 7 Agrhahd/ 1. PAPC 9548 A1T AU
exposure from smoke? 2. Adopt cleaner stove Aaodiy 77 LLLINT? 2. eFGAA 9288 hnPTIN-
3. Dry fuel before using 3. @Y KOCPAY-
4. Adopt cleaner fuel 4. pas) QAU “1EPTT hmPTINU-
5. Cooking Outside 5. ao9(] n(LF @< ANAAAD-
6. Nothing 6. 9O RALCAI®
152 | Are children usually present | 1. Yes 2. No 152 | 0 07L00A0T L AR 1. h® 2. heTHgP
in the kitchen during wOHEO7 11, AT o0
cooking? £T5A?
153 | Is there a habit of carryinga | 1. Always 3. Never 153 | goan negnaA0TF LE AT 1. vA1h 3. Qepe-i
child while cooking? 2. Sometimes PTIHA ATPL: AA? 2. R1878 14,
154 | When you are cooking,where | 1. On my back 154 | 0 Q9Le0aA0t U 19 | 1 weae A
are your children whoare still | 2. Near me in the kitchen ACa® PANk ALY T | 5 o de ma A,
too young to walk? 3. In the same building LeeN? 3. (Fevdde (L @aT
4. In a separate building 4. OtAP (LF OOF
5. Coming in and out in kitchen 5. @¢ (06 avol0 G av@-Tyf
6. Playing in the open 6. <N @-aT avHROF
courtyard 7. AT, hEUIPP
7. Not Applicable
155 | Where are the children under | 1. On my back 155 | 6£&9%0F@- n 5 gavt (\FF 1. #cae AL
5 who can walk? 2. Near me in the kitchen PURG aogan® 0T ARTYE | o ndis o DA,
3. Inthe same building, PR L TAN? 3. (favadge (L @O
4. In a separate building 4. (OtAf (LUF o
5. Coming in and out in Kkitchen 5. @f (G a0 G avm-mt
6. Playing in the open courtyard 6. L DN aveEDF
7. Not Applicable 7. 4429 AOUIP




156 | Apart from cooking, are you | 1. Burning rubbish 156 | hot0ag o-<p adtet e 1. Po9.dmad 44
exposed to any other sources | 2. Making local beer IOV 80NN N? 2. oM TP F(hlbimA OHT)
of smoke (check all that 3. making bricks (CTLPANITFOT -t PART | 3 o aygoge
apply) 4. Making charcoals LLCT) 4 hOd TIRLT
5. Kerosene lamps 5. Phgt ao(lgtT
6. Not exposed 6. hAtIATHIP
99. Others / 99. AA (€108 /
157 | What space heating system 1. Burning wood 157 | ev nAaN AZAL 1. A%nt 97788
does this household mainly | 2. Burning other fuel NP0  LH bEY ATIPPIOTy 2. &A T8 T PmA
use to heat the home when 3. Nothing LmPIIn? 3. g KR8
needed?
158 | At night, what does this 1. Solar light 158 | ev ntan a9 1. P0che NCYT? N99mi-PI°
household use for lighting? | 2. Kerosene lamps ANLFTE P SmPTIN? 2 heeH TGt
3. Burning wood 3. W 0TI
99. Other/ 09. AA/

Part V Perception on Benefits of improved stoves

QAFAAA P°LF TPTF PATFD- IO

159 | Improved stoves can lead to 159 | ¢FadA P970AL P87
health benefits for the family aFpg° oM TP AT

160 | Improved stoves take too short 160 | e+adn PLEPFT ArmdbI®
time_ _to cook food than the ABC L OAT Al IOFT
traditional stoves oo KFFAND

161 | Improved stoves take too few 161 | orade PLEPTF havAP
fuel to cook food than PREPT £10 7112 LEAIN
traditional stoves

162 | improved stoves reduce burn 162 | erddn ooeBPT NALT AL
injuries to children than the P90.LCAAT PAAT ALY LT
traditional stoves

163 | ’mreadily welcome any 163 | 50 AP T7 099970
technology of improved stove TG DG OHAAA IOLE
which reduces smoke emission Aaompd° HTE. 1

for use in my house




164 | Most people think that 164 | O APTF 0+aaA 9278 TNAA
cooking with improved stove ALTAVTD- T4 10
is good for their family NA@- LHN

165 | Most people think that cooking 165 | n a®F a+aan o8 aNaA
with improved stove is a sign of PP POART 10 A+ PO
higher social status

166 | Food cooked with improved 166 | OFaax PGP T NAATCIN
stoves tasted the same or better NOYAP 9°£% hNaA®- 9o
than food cooked with a +avda L,

traditional stove

ORI e+AA MOF° AAD-




Appendix C1: PATS+ Instrument usage data (HH Code, GPS Reading, Date, Time)

Type of stove use:

HH Code

GPS Reading

Serial No

Initial Date

Start Time

Ending Date

Ending Time

Charging state
(no. of HH in
use)

Remark




Appendix C2: PATS+ integrated instrument and software

Name Description Item
PATS+ Particle and temperature
sensor plus
For programming the
+- i L:ylmmnlu)
PICA PAT_S ; downloading,
(Platform VIEWINg, and
for processing data;
. generating statistical e R
integrated . . i .
cookstove reports; creating !
assessment) graphs; and merging i = o
PATS+ and SUMs &
data.
Zero box For clean air zero
calibrations of PATS+s
Hand pump | For clean air zero
calibrations of PATS+s

12




Micro USB | For charging and data
to USB transfer
Data cable

Appendix C3: 24-hour PM2.5 and temperature reading in sample household
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Appendix C4: SAMPLE HOUSEHOLD PM_5 ICS MEASURMENT

PM_ICS1
PM_ICS2
PM_ICS3
PM_ICS4
PM_ICS5
PM_ICS6
PM_ICS7
PM_ICS8
PM_ICS9
PM_ICS10
PM_ICS11
PM_ICS12
PM_ICS13
PM_ICS14
PM_ICS15
PM_ICS16
PM_ICS17
PM_ICS18

N
Statistic
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444

Minimum
Statistic
11.007
11.007
11.114
11.042
11.102
11.042
11.114
11.114
11.874
11.007
11.114
11.114
11.114
10.039
11.000
10.000
11.007
11.114

Median
Statistic
20.0
22.0
25.0
235
18.3
47.0
22.0
17.0
26.0
35.0
16.0
52.0
29.0
18.3
11.0
10.0
25.0
33.0

Maximum
Statistic
17900.739
18900.739
32195.023
23528.593
31939.493
27917.135
33537.204
20971.447
31025.367
17420.909
29806.771
25971.447
31661.836
22574.467
39195.023
12900.739
23147.028
29537.204

Mean
Statistic
641.83430
694.72626
835.92854
253.66013
1204.05936
381.44416
891.53646
743.52054
661.90863
635.55239
736.11957
799.54893
806.50738
1075.37723
845.72760
578.41948
777.69025
794.35710

Std. Error
58.617188
64.505409
91.826439
31.231112
98.425247
52.956946

102.325300
75.900077
69.164256
53.102795
77.537247
82.851790
84.112167
79.550348
96.193540
49.076464
80.629550
82.744361




Appendix C5: SAMPLE HOUSEHOLD PM25 CHOCHE MEASURMENT

PM_CHO1
PM_CHO2
PM_CHO3
PM_CHO4
PM_CHO5
PM_CHO6
PM_CHO7
PM_CHO8
PM_CHO9
PM_CHO10
PM_CHO11
PM_CHO12
PM_CHO13
PM_CHO14
PM_CHO15
PM_CHO16
PM_CHO17
PM_CHO18
PM_CHO19
PM_CHO20

N
Statistic
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444
1444

Minimum
Statistic
16.258
10.000
10.000
10.000
11.338
30.043
10.000
10.000
10.000
10.000
12.000
14.139
15.291
11.102
11.134
20.157
14.139
12.040
15.291
11.338

Median
Statistic
92.08
26.57
10.00
10.00
31.00
31.00
10.00
26.57
10.84
10.00
47.48
45.83
57.00
17.44
14.00
34.00
59.50
30.00
52.00
10.00

Maximum
Statistic
31939.493
38998.014
31337.491
38972.138
40619.908
39619.908
39195.023
43425.353
41939.493
46683.832
34939.493
26574.467
33815.509
33923.062
36777.193
39990.278
31939.493
39859.384
42888.719
39619.908

Mean
Statistic
1138.38684
1813.83159
627.77314
761.65874
567.17597
634.89065
833.68051
1604.10306
975.33913
1685.04694
1244.83637
1146.05798
802.23769
1102.89800
1277.63187
1994.30777
1343.58776
833.55362
1034.32495
619.74246

Std. Error
95.554382
136.409468
62.898393
93.965291
101.597207
109.503626
96.101817
116.628622
76.132971
141.288253
99.859972
83.854625
89.451573
89.603388
129.163225
188.334925
111.249812
94.565326
128.449742
97.065102




Appendix D1: household cooking event observation

User Cooking Event Observation

Tester instructions: Begin this stage as soon as the cook starts preparing the dish and keep going until it
is finished. Enter timings in a format of 24 hours [hr:min]. Fill in any blanks with additional notes as
needed.

A metric scale and a stopwatch or clock are necessary tools.

3.1 Fuel preparation Start time: : Completion time: :
(Includes clearing brush, picking up twigs, etc.; does not include
constructing and lighting the fire.)

Specialized skills or equipment needed for fuel preparation: Y / N

3.2 Lighting time required Starttime: _ :  Completiontime:
(When the cook starts adding fuel to the burner, it begins. When the stove is
lighted and keeps burning without constant monitoring, the task is

complete.)
3.2 Lighting notes [describe lighting process, difficulties, and fire starting materials used]:
3.3 Fuel consumption Initial mass: (kg) Final mass: (kg)
3.4 Cooking time Start time: : Completion time: :

(Begins when food, water, etc. is heated on the fire for the first time.
finished when the final dish is taken out of the heat.)

3.5 Tending and refueling 1. 8. : 15. : 22.
frequency 2. 9. ; 16. : 23.
[Note the minute and hour 3. 10. : 17. : 24,
of each tending 4, 11. : 18. : 25.
occurrence. Draw a circle 5, 12. . 19. : 26.
around each time fuel was g. . 13. . 20. : 27.
replenished, including the 7. : 14. : 21. : 28.
time the fire was started.]
3.6 User error Fire went out:
[Make a tally mark for Cook removed functional part(s) of stove:
each occurrence] Cook fed too much fuel:
Incorrect refueling practices:
Incorrect ash cleanout:
Other: :
3.7 Visibility of fire (3) Best: Highly visible (combustion zone can be seen from a
[Circle the most distance from anywhere within the cooking area)

appropriate option, 0-3] (2) Good: Moderately visible (combustion zone can be seen from a

distance, but from a limited angle or direction, only)
(1) Fair: Minimally visible (cook must bend down within reach of the
stove to see combustion zone)

(0) Poor: Combustion zone is never visible while stove is in
operation

3.8 Soot deposited on pot (3) Best: No soot on pot after cooking
[Circle the most
appropriate option, 0-3] (2) Good: Soot covers bottom of pot, only, after cooking




3.9

3.10

(1) Fair: Soot covers bottom and less than 1/2 of sides of pot after

cooking

(0) Poor: Soot covers bottom and more than 1/2 of sides of pot after

cooking
Other people present
during testing
Other stove model(s)
present in household

General notes:

Appendix D2: Household stove use questions

Stove use

C1

Cc2

Currently, how many different kinds of stoves do you use at least once a week? [Note that this is
the quantity of stoves, not the kind of stoves. That is, mark 2 should be used if a family has two

stoves of the same sort.

Please list all the stoves that you use at least once
per week.

[Use stove codes. MA allowed. Ensure they list
the same amount as the number given for C1.
Describe here if other]

Primary cooking device

C3

C4

C5

C6

c7

C8

C9

C10

Cl1

What would you say is the stove type you
currently use most of the time? [SA]

What fuel do you usually use on that stove at this
time of year?

On average, how many days per week do you use
this stove?

On the days it is used, how many meals per day
do you use this stove?

What do you like the most about this cookstove,
if anything?

What else do you like about the cook stove you
value apart from what you have mentioned?

If any, what is the biggest challenge you
experience with this cookstove?

Avre there any other challenges with this
cookstove?

How long ago did you purchase, receive or build
this stove?

4+ stove
type

3rd stove
type

2nd Stove
type

1ststove
type

[Single answer. Use stove codes. Describe
here if other]
[Use fuel codes]

[Enter number of days per WEEK]
[Enter number of meals per day]

[Record one answer. DO NOT PROMPT. Use
code sheet]

[MA. DO NOT PROMPT. Use code sheet]

[If they do not like more than the one thing
entered in C7, enter 66]

[Record one answer. DO NOT PROMPT. Use
code sheet]

[MA. DO NOT PROMPT. Use code sheet. If
they do not have more than the one challenge
entered in C9, enter 66]

[Record in months. If stove is the three stone
fire, enter 99]]




C12

C13

Cl4

C15
C16
C17

Did you purchase, receive or self-build this
cookstove?

How much did this stove cost to buy or build?

Have you ever repaired this stove?

How long ago was the last repair?
How much did that last repair cost you?

Does the type of stove you use as your primary
stove change during year? If yes, please describe
in what way and why it changes.

Secondary cooking device

C18

c19
C20

c21

C22

C23

What is type is your secondary stove?
[If no secondary stove enter 77 and go to C35]

How many days per week do you use this 2nd
stove?

On the days it is used, how many meals per day
do you use this secondary stove?

When did you purchase/receive/build this stove?

What do you like the most about this cookstove,
if anything?

If any, what is the biggest challenge you
experience with this cookstove?

Tertiary cooking devices

C24

C25

C 26

Do you have any other stoves that you use less
than once per week?

What stove types is it (are they)?

On what occasions are they used?
[MA. Do not prompt]

Simultaneous stove use

C27

CX

C28

Do you ever use TWO STOVES at the SAME
TIME?

On average how many times per week do you use
TWO STOVES at the SAME TIME?

Why do you need to use two stoves at the SAME
TIME?

Purchased

Self-built

Received as gift from
family

Received as donation from
non-family i.e. NGO
Other [describe]

[If it was a gift enter 0 and
go to the next question

If the stove is a three stone
fire, enter 99 and go to
C17]

No [go to C17]

Yes

[months]

[ENTER CURRENCY]

No

Yes [please describe]

[Use stove codes. Record
one answer. Describe here
if other]

[Enter number of days per
WEEK]

[Enter number of meals per
day]

[Record month and year.
If stove is the three stone
fire, enter 99]

Record one answer. Use
code sheet]

Record one answer. Use
code sheet]

Yes

No [Go to C27]

[Use codes. MA allowed.
Describe here if other]
Weddings/festivals

When visitors come

When there is no dry/good
wood available

When | have the fuel | need
Other [describe]

1=Yes
2=No —go to C29
[Times per WEEK]

To make two dishes at the
same time
When | am in a rush

N

99

99




C29

C30

C31

C32

C33

C34

Which stove do you usually use to cook?

Which stove do you usually use to cook?

Which stove do you usually use to cook/

Which stove do you usually use to cook?

Which stove do you usually use to cook hot
drinks such as tea/coffee?

Which stove do you usually use to warm bathing

water?

Seasonal patterns

C35

C36

C37

C3X

Do you use your stoves for different amounts of
time throughout the year?

This can involve making food for your family as
well as performing other duties involving a
cooker, such as boiling water for bathing or
preparing feed for animals.

Do you currently use the stove more or less
frequently than you do at other times of the
year?

What causes you to use your cooker more
frequently now than at other times of the year?

What causes you to use the stove less frequently
now than you would at other times of the year?

When cooking for large
numbers

When heating water and
cooking

When making animal feed
and cooking

Other [describe]

[Use stove codes. If they
don’t make this food enter
‘887

[Use stove codes. If they
don’t make this food enter
‘887

[Use stove codes. If they
don’t make this food enter
‘887

[Use stove codes. If they
don’t make this food enter
‘88°]

[Use stove codes. If they
don’t make this food enter
‘88°]

[Use stove codes. If they
don 't do this task enter
‘887

Yes

No [Go to C38]
More [Answer C37]
Less [Answer C3X]

To heat the rooms for people
To heat rooms for animals
To heat bathing water
Making more animal feed
Fuel is plentiful

Cook different types of food
Cook for more people

Many festivals happening at this
time of year.

Other [Circle 99 and describe
below]

Do not need to heat room(s)
for people

Do not need to heat rooms
for animals

There is less fuel available

Do not need to make animal feed.

3

4

99

N =N
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Cook different types of food 5

Cook for less people 6
We spend most of the day in the 7
fields.

There is little food available 8

There are no festivals happening 9
this time of year.
Other [Circle 99 and describe 99

below]
Other stove uses
C38 Do you ever heat your home or your rooms with  No [go to C42] 0
a fire or a stove? Yes 1
C39 What type of stove do you presently use to heat ~ [Use stove codes. If no current space heating, put
your home or your rooms? 99]
C40 When not being used for cooking, do you ever No 0
use this stove just for heating?
Yes 1
C41 How many months a year do you typically keep your rooms warm? [Months]
[Assistance with this computation using the seasons, if needed]
C42 Do you use your stove or fire for any of the Enter 1 if do task. O if not Stove code
aforementioned activities?
If so, what kind of fire or stove do you use?
[As you go down the list, please enter a 1 in the
first column followed by the code for the type of
cooker used if the person used their cooker for
that purpose. Then inquire as to whether they
use their stove for anything else.]
C42.1 Insect repellent
C42.2 Lighting
C42.3 Making animal feed
C42.4 Warming bathing water
C42.5 Making medicines
C42.6 Other [describe]:
C43 Comments and observations
XXX Who decides what major household purchases I do alone
will be made in this home? I do with my spouse

My mother does alone
My father does alone
My parents do together
Other [describe] 99
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