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ABSTRACT

Traditional household fuels play a vital role in Ethiopia. They account for more than 93%

of the households’ energy need of the country which is mainly based on wood, dung and

crop residues. The most widely used stove is an open fire that is believed to be highly

inefficient. Today many of the people of Ethiopia are facing a deepening crisis of energy

scarcity because local wood resources are depleted and even more distant forests are cut

down. The implications of this crisis extend beyond the supply of energy itself. This has

resulted in massive deforestation, loss of agricultural productivity, loss of biodiversity,

change in hydrologic cycle, etc in many parts of the country. Based on these facts,

experimental and field survey methods have been employed in this study to investigate

the thermal efficiency of frequently used charcoal stoves, fuel efficiency of both charcoal

and injera baking biomass stoves and fuel consumption pattern of the study area.

The experimental method employed water boiling and controlled cooking test approaches.

The water boiling test was carried out to investigate the thermal efficiency of charcoal

stoves and the controlled cooking test was carried out to assess the fuel efficiency of both

charcoal stoves and injera baking stoves. The results of the test indicated that there is a

wide thermal efficiency gap among the charcoal stoves. The potential fuel saving of the

most efficient charcoal stove over the lowest efficient charcoal stove is about 39%.

Similarly the thermal efficiency gap is also observed among the various types of Lakech

stoves. The thermal efficiency gap between the most efficient and the least efficient

stoves is nearly 5 in percent. Concerning injera baking stoves, Mirt stove has a better

performance over three stones stove. The difference in fuel wood consumption between

them is about 70 gm per injera. With the average number of injera baked per session in

the study area, and if Mirt stove is to be disseminated to 50% of the households, then it is

estimated that about 273.2 hectare of forest cover would be saved every year.

Household survey was carried out in order to assess the utilization frequency of non-

injera baking stoves, preferences of households for various types of Lakech stove, Fuel

consumption patterns of the study area, Mirt stove production level and Factors
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controlling the dissemination of Mirt stove. From the survey result it is observed that

urban households of the study area have three to four types of non-injera cooking stoves.

The most widely used ones are kerosene stoves and Lakech stoves. Among the various

types of Lakech, Lakech Without Pan Seat is widely used by the community. The main

reasons for their preferences are fuel saving and speed in the order of importance.

However, the reasons given by the community contradicts the experimental finding. The

experimental results indicate that Lakech Without Pan Seat is the lowest thermal efficient

stove compared to the others. This use of thermally inefficient use of arisen from the lack

of awareness among the society about the thermal efficiency of the stoves.

In the study area, currently, Mirt stove is produced by three trained local producers. It

has been observed that the stove has a high economic benefit for the producers as well as

for the customers. The community in the study area has adequate awareness about the

stove. The main source of their awareness was information obtained from friends and

relatives. However, still the coverage of the stove is very low. It is about 1.5% in rural

areas and 5.6% in the urban areas. The main reasons are lack of proper kitchens in the

urban area and unavailability of the stove in the rural areas. The major factor for the

unavailability of the stove in rural areas is probably to weakness in the dissemination

ability of the responsible organizations.

The most frequently used fuel types for non-injera cooking activities in the urban areas

are kerosene, charcoal and electricity. But due to rising price of kerosene and high

increment in electric tariff, people in the study area have started to shift to biomass fuel

which could intensify environmental problems. Concerning injera baking, the most

widely used fuel type both in the urban and in the rural areas is dung which is supposed

to be used for the restoration of soil fertility.

1 INTRODUCTION
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1.1 Background
Energy is an indispensable item required for and supporting life. Human beings have

always depended on energy to grow, to prepare their food, to heat buildings, and in recent

centuries, to manufacture different materials and maintain increasingly sophisticated

machineries in factories, industries, laboratories, teaching institutions, etc. Historically,

wood, wind and moving water have been the most widely used energy sources. Since the

middle ages, first coal, then oil, and natural gas, have become progressively much more

important sources of energy. By now, more than 80% of the global energy comes from

fossil fuels (coal and petroleum). However, we should not forget that traditional energy

sources such as wood, animal dung and crop residue, collectively known as biomass, are

still the energy sources on which about half of the world population rely on for domestic

heating and cooking purposes.

Biomass is the organic material produced by photosynthesis, a process that converts solar

energy into stored chemical energy. It is the oldest form of energy, and has been used to

fuel both for domestic and industrial activities. Traditionally, it is used extensively by

direct combustion in many parts of the world. Biomass is distributed worldwide, and is

available in some form in every country on the earth although varying significantly in

capacity per hectare.

Even though it is difficult to get accurate data on the global use of biomass energy,

different literature suggests that it is consumed at a rate of about 55 x10 18 MJ per year,

which is about 15% of the world's energy use. Biomass is the dominant source of energy

in developing countries where nearly three-fourths of the world’s people live. In some

developing countries such as Nepal and Malawi, it provides 90% of the total energy

demand. Biomass is also used as energy source in some industrialized countries such as

the United States (4%), Austria (10%), and Sweden (9%), (Johansson et al, 1993).

Ethiopia is endowed with substantial energy resources, which are as rich as they are

diversified. They include hydropower, Biomass, geothermal, solar, wind and coal energy

resources. Despite its immense energy potential, the country is one of the least developed
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in the world with a per capita consumption level of about 300 kilogram oil equivalent

(kgoe). As different studies indicate almost 96% of the country’s energy demand is met

by biomass energy, which is mostly covered by wood, charcoal, crop residue and dung.

From the total supply of this fuel, 93% is used for meeting household energy needs for

cooking.

The end-use devices used for cooking activities in the country are mostly open fire (three

stone) stoves, which are said to emanate more than 90% of the heat from fuels into the

atmosphere. The wide use of these inefficient household end-use devices coupled with

the fast population growth of the country has contributed to the incremental degradation

of the national forest resources at an alarming rate. This led to fuel wood scarcity, soil

erosion, land degradation and reduced agricultural productivity in many parts of the

country. Women spend much of their time traveling long distances to collect fuel wood

for their own and/or sale. This has an adverse effect on women's health as well as on

other activities under taken in the household. In the urban areas people spend 30% of

their total income for purchasing fuel. In addition there is a heavy dependence on

biomass resources for household energy utilization contributing to a net emission of

carbon and other green house gasses to the atmosphere that cause climate change.

Due to the shortage of fuel wood, most households of the country are shifting to the use

of dung and crop residue for cooking purposes. The carbon monoxide emission from the

dung is much higher than that of the wood. The exposure of mothers to a high

concentration of carbon monoxide will affect the normal ability of hemoglobin to take O2

and release CO2. When a pregnant woman is exposed to such a situation she faces a risk

of anemia and the child will be under weight. The uncontrolled release of smoke in the

kitchen also causes eye and respiratory diseases on the women.

To alleviate the above mentioned and other related problems, governmental and non-

governmental organizations have made different efforts to introduce and disseminate

improved stoves known as Mirt and Lakech in the society. Mirt is designed for baking
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injera. It saves energy and reduces the expenditure on fuel by half compared to the

traditional Mitad and removes smoke through a short chimney at the back. Lakech

utilizes charcoal and used for non-Injera cooking activities. It reduces charcoal

consumption by much as compared to the traditional charcoal stoves. However, few local

producers produce Mirt stoves and hence its dissemination in the community is very low.

Furthermore, as the efficiencies improved stoves are not controlled by responsible

organizations, the quality of Lakech stove has been deteriorated through time.

Thus, this study was designed to test the efficiencies of these stoves available on the

market and investigate the socio-economic situations that affect their dissemination.

1.2. Objectives

1.2.1 General Objectives
The general objectives of this study are:-

 To test whether the efficiency of the improved stoves available in the market

is as per the standard and compares it with the traditional stoves.

 To analyze environmental impacts of improved stoves and factors that

determine their dissemination, and to propose appropriate solutions to over

come these problems.

1.2.2 Specific Objectives
The specific objectives of this study were:-

 To test the efficiency of existing improved stoves on the market whether they are

as per the standards.

 To analyze ecological, social and economical impact of improved stoves both in

qualitatively and quantitatively.

 To identify the efficiency gap among the improved stoves.

 To asses the factors that determine the dissemination of Mirt stove such as

producers’ capacity, lack of awareness, economic benefit of the stove, and socio-

economic factors of the households.
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1.3 Scope and Limitation of the study
The study concentrates on the efficiency of improved biomass stoves and factors on

affecting their dissemination .However, due to time, money and logistics constraints

some parameters were not fully investigated. These are;

 The household sample size taken to assess the distribution of non-injera baking

stoves and factors affecting the dissemination of improved stoves particularly

Mirt were not enough to represent the population adequately.

 Among the available charcoal stoves on the market, tests were done on medium

sized types, widely utilized by the society. The large and the small sized stoves

were not tested. Because they are supposed to have varying efficiencies and they

might have different environmental impact magnitudes. However, it is believed

that their distribution is not significant.

 The sample sizes of the tested stoves were not also enough. The sample size of

every type of Lakech stoves and also Metal charcoal stoves were only one .This

may cause some barrier on the comparison of the efficiencies of the stoves, even

though stoves produced by the same mould and material are expected to have

similar efficiencies.

 The efficiency tests of biomass injera baking stoves (three stones and Mirt stoves)

were carried only by fuel wood. Dung, crop residue, leaves, etc were not used for

testing .Since these fuels have different physical properties they may have slight

difference on the efficiency of the stoves.

Since the objective of this study is to assess the efficiency of widely used household

cooking devices and factors affecting the dissemination of improved stoves, with

these limitations, the results can be used as bases to indicate the impact of household

energy on the environment and will allow further extensive study to be conducted.

1.4 Methods and Materials
To conduct this study experimental, survey methods and literature review were used.



14

1.4.1 Experimental Analysis
This method was used to asses the efficiency of cooking stoves which are mostly used by

the community in the study area. The methods used for this study were those that are

developed by Volunteers in Technical Assistance (VITA), NGOs focusing on third world

development issues. The VITA method has three standard tests: Water Boiling Test

(WBT), Kitchen Performance Tests (KPT) and Controlled Cooking Test (CCT). As KPT

needs longer time and huge amount of money, only WBT and CCT approaches were used

in this study.

1.4.1.1. Water Boiling Test
The Water Boiling Test is a relatively short and simple simulation of common cooking

procedure in which a standard quantity of water is used to simulate food. The test

includes “high power” and “low power” phases. The high power phase involves heating

a standard quantity of water from the ambient temperature to boiling temperature as

rapidly as possible. In the low power phase the power is reduced to the lowest level

needed to keep the water simmering. In this study a pan of water is brought to boil and is

kept boiling for 30 minutes followed by a simmering period of 60 minutes.

Water boiling test is intended to measure the stoves’ performance at both high and low

power out put, which are important indicators of the stoves’ ability to conserve fuel. This

test is designed to yield several numerical indicators including; time to boil, burning rate,

specific fuel consumption and power out put, rather than report a single number

indicating the thermal efficiency of the stove, which alone can not accurately predict

stove performance. The thermal efficiency (percentage heat utilized, PHU) for different

rates of boiling water i.e. high or low power is determined using the following formula.

PHU=
mfHv

eobnCp LmTTm ))((  *100%

Where:- PHU= Percentage Heat Utilized (Thermal efficiency)

mn= Mass of water in the Pan (kg)
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cP= Specific heat of water (kJ/kg/c0)

To= Starting temperature of the water (c0)

Tb= Boiling temperature of the water (c0)

me= Mass of water evaporated (kg)

L= Latent heat of evaporation (kJ/kg)

mf= Weight of fuel burnt (kg)

Hv = Heating value of the fuel (kJ/kg)

The power out put of a given stove is calculated by the formula;

P=
t
Hvmf *

Where; P= power out put

mf= Weight of fuel burnt

Hv= Heating value of the fuel

t= time

i)Water Boiling Test Procedures

To conduct the Water Boiling Test the following procedures were followed

Initial Measurement

A) Weigh each stove under test (gm).

B) Measure the ambient air temperature (C0)

C) Weigh the charcoal to be used (taking not more than twice that estimated

necessary for the test (gm)

D) Weigh the charcoal initially charged into the stove (gm)

E) Weigh the pans with their lids( In this study three pans which have equal

masses ,314 gm, were used).

F) Fill each pan with water to two-third of the capacities and record the new weight.

In this study 2400 gm of water was used in every test.

G) Measure initial water temperature (C0). This should be measured about 1cm

above the bottom of the pan

H) Record the starting time of the test. In this study the starting time was taken when

the charcoal is fully ignited.
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I) Record the time at when the water boils.

J) Record the water temperature at boiling point (C0)

K) Weigh the charcoal left in the stove (gm)

L) Note the weight of the charcoal stock at the boiling time (gm)

End of High Power Phase

M) Record the time of end of high power which is equal to the boiling time plus 30

minutes.

N) Weigh the charcoal stock left (gm)

O) Weigh the remaining charcoal in the stove (gm)

P) Weigh the pan with water (gm)

End of Low Power Phase

Return the charcoal and pan to the stove to begin the “low-power phase” of the test. For

the next 60 minutes maintain the fire at a level just sufficient to keep the Water

simmering. Use the least amount of charcoal possible, and avoid vigorous boiling.

Q) Record the final time ( which is 60 minutes after the end of high power phase)

R) Weigh the charcoal stock left (gm)

S) Weigh the charcoal left in the stove (gm)

T) Final weight of the pan plus water (gm)

Using the above procedure, each stove was repeatedly tested four times.

ii) Materials and Equipments

A) Six different types of medium sized stoves were taken.

B) Three different metal pans having the same weight were purchased from Kolfe

Household Equipments Production Factory.
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C) Electronic balance, accurate to 1g with the capacity to weigh 64kg.

D) Tap water

E) Timing device (stop Watch)

F) Digital thermometer (GTH-1150) ,ranges -50 to 1150c0

G) A test record sheet (for each test) adopted from VITA procedures for wood stove

testing (see Annex1a)

1.4.1.2. Controlled Cooking Test (CCT)
Controlled cooking test is performed in order to evaluate the performance of a cook stove

while actually cooking food. This test differs from the Water Boiling Test in the medium

through which the heat is transferred. In contrast to water in the Water Boiling Test, food

is used as a medium in Controlled Cooking Test.

The Controlled Cooking Test is intended to be an intermediate step between the Water

Boiling Test and the Kitchen Performance Test. The results of the test are expressed as

the ratio of the amount of fuel needed to cook the meal, which is known as specific fuel

consumption (SFC):

SFC =
)(

)(
kgcookedfood
kgusedfuel

Controlled cooking test depends up on a number of factors:

- Composition and physical properties of food,

- Type of cooking operation,

- Mass of food to be cooked,

- Method of preparation of food and

- Type of vessels used

In this study Controlled Cooking Test was employed to evaluate the performance of

charcoal stoves and injera baking stoves. To evaluate the performance of charcoal stoves

two experienced women cooks carried the test in the laboratory of the Ethiopian Rural

Energy Development Center.
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Injera baking stove tests were carried out in Debrezeit town by selecting five injera

bakers used for sealing purposes. Each cook baked the injera for 8 times, 4 times on

three stones stove and 4times on Mirt stove.

The tests were carried by making Shiro Wat and Teff injera which are widely used both

by rural and urban people in the study area and also in most parts of the country.

Charcoal stoves were tested by making Shiro Wat while injera baking stoves were tested

by making Teff injera.

The procedures followed to conduct controlled cooking tests on charcoal and injera

baking stoves are briefly described below.

i) Procedures used for charcoal Stoves
Initial Measurements

A) Take a charcoal stock, not more than twice the estimated amount needed and

weigh it. The charcoal stock balance should be determined whenever the charcoal

is added to the stove.

B) Weigh the pans with their lids; in this study the weight of the pans were equal to

314 gm each.

C) Weigh the stove under test (gm)

D) Weigh the ingredients of food and water to be cooked, placing ingredients in the

pans. In this study the weight of the ingredients used is indicated in the table1.

E) Record the time of starting which is taken after the ignition of the charcoal (mint)

Final Measurements

F) Record the time of the end of the test.

G) Weigh the left charcoal stock (gm)

H) Weigh the charcoal left in the stove (gm)

I) Weigh the cooked food in the pan including the lid of the pan.

Equipments and Materials Used for charcoal stoves

Equipments used for this test are the same as the once used for Water boiling test.
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Table1 weight of ingredients used for Shiro Wat cooking

Items onion String

Water

oil pepper salt Cooking

Water

Shiro

Weight(gm) 107 depending

on the cook

121 30 17 1500 118

ii) Procedures for Injera baking stoves

Initial Measurements

A) Weigh the empty, dry packet (gm)

B) Weigh the batter added plus the packet (gm)

C) Measure the batter temperature (C0)

D) Measure the weight of the fuel supplied to the cook, not more than twice the

estimated amount needed (gm)

E) Weigh the “Sefed”, the material used to keep the piles of injera (gm).

F) Determine and record the moisture content of the wood to be used in the test. In

this study at least 25 measurements have been taken in every test and they were

averaged.

G) Record the time when fire is lit (min).

H) Record the time when the first batter is poured on the Mitad.

Final Measurements

I) Record the time when the last injera is removed from Mitad.

J) Measure the weight of the packet with the remaining batter (gm).

K) Measure the weight of the remaining fuel (gm).

L) Measure the weight of the remaining charcoal left in the stove (gm).

M) Measure the weight of injera and the “Sefed” (gm).

N) Count the total number of injera that was baked.

Equipments and Materials Used for Injera Baking

A) Moisture content measurement device known as protimeter digital mini which has

a range of 6-28% fiber saturation,

B) Digital thermometer having a capacity of measuring -50 to 1150c0,

C) Spring balance that has a capacity of 20 kg with 50 gm accuracy,
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D) Stop Watch,

E) Sun dried eucalyptus tree for fuel wood,

F) Medium size packets,

G) Sefed (the material used to keep the piles of injera),

H) Teff batter,

I) Mitad (a ceramic plate used for injera baking) usually has a diameter of 58-62 cm,

J) Three stone stoves and Mirt stoves (5 each in number).

1.4.2. Base Line Survey
This method was used to assess the dissemination of cooking devices used for non-

injera cooking activities, factors affecting the dissemination of Mirt Stove and fuel

consumption pattern of the study area. The tools used in this method were

questionnaire and discussion with improved stove producers, energy concerned

organizations particularly on the development and dissemination of improved stoves.

Three types of questionnaires were prepared and administered with Mirt stove users

and non-users, Mirt stove producers and; users and non-users of charcoal stoves. One

hundred seventy households and three producers were selected to administer the

questionnaires. One hundred households were selected from Debrezeite town, Keble

01, 02, 04, 06 and 07, in order to assess the distribution of non-injera baking stoves.

Keble 01 and Keble 02 were selected to represent newly developed areas of the town

while Kebles 04, 06 and 07 were selected to represent older areas of the town. The

households were selected by simple random sampling method.

The remaining seventy households were selected from the above mentioned Kebles of

Debrezite town and the surrounding six peasant association Kebeles within the radius

of 20 km, to assess factors determining the dissemination of Mirt stove. Of these 34

were from the town (16 users and 18 non-users) and the remaining 36 from rural

areas (14 users and 22 non- users). The selection was carried based on purposeful

sampling method, since the key informants are not normally distributed to use

random sampling method.
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Four employed enumerators and the researcher him self collected the data. Before the

data collection half-day training was given to enumerators to familiarize them with

the questionnaires and the stoves. They have collected data from sample households

of the Debrezite town whereas the data from the rural sample households and from

the producers were collected by the researcher.

A discussion was carried with the Mirt stove producers and the home agent experts of

the woreda agricultural office on the factors affecting the dissemination of Mirt stoves

as they are the main actors for the development of the technology. It had greatly

contributed to identify the causes properly.

The data was analyzed by SPSS soft ware and presented as tables and charts.

1.4.3 Literature Review
Reviewing of the different documents and literature written on the efficiency testing and

dissemination of improved cooking stoves was made from documents in various libraries,

internet sources and producers’ records. This was used to assess the national and

international experiences on the dissemination of improved stoves and also to generate

data from producers’ production and sealing documents.

2 THE STUDY AREA

2.1 Location and Physical Conditions
The study area is located in the Central Ethiopia, east of Addis Ababa in the Oromia

Regional State. It is the largest district in East Shoa Zone with an area of about 1610.56

km2. It borders Akaki, Gibmichu, Lume & Dugda Bora districts and the Southern
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Peoples’ Regional State as shown in the fig (2.1). Debrezite is the main town of the

district. It has 46 peasant associations and 9 town kebles. The altitudes of the Adaha

Liban district ranges from 3100m asl at Yerer Mountain to about 1500m in low-land

areas.
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Fig.2.1 the study area

Adaha Liban district has numerous rivers and lakes. The rivers include Awash, Mojo,

Belbela, Wedecha and Dukem. The major lakes are Hora, and Bishoftu. Agro-

climatically about 90% of the district belongs to Woindega climatic zone. The rest 10%

is covered by Dega, Kola and Wirch (Oromia physical & Socio-Economic Profiles, 2000).

Similar to other central parts of Ethiopia, the area has three climatic seasons namely; the

dry season (Bega) prevails from October to January, the short rain season (Belg) runs

from February to May and the main rain season (Kiremt) extends from June to

September . The most dominant soil type found in the area is vertisol which covers about

60.8% of the district. The coverage of other soils is 23.5% cabmisols & Luvisols, and

14.7% Redznas and pheozems (Oromia Physical & Socio-economic Profiles, 2000).

Gimbichu woreda
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2.2Population
According to the 1994 population and housing census, the population of Adaha Liban

district is about 361,350 in mid 2005. Out of these the urban population accounts for

about 33.8%. As expressed in the Oromia Socio-economic Profile of 2000, the

economically active age group (15-64 years) in the year 1997 was about 53.8% of the

total population. The rest are children below 15 years and the elderly with a proportion of

42.2% and 4% respectively. The average family size of the district is 4.9 for urban and 5

for rural areas. The crude population density was 154.2 persons per km2.

2.3Natural Vegetation and Wild Life
The natural vegetation of the study area is coniferous forest on the uplands and

woodland and grasses in the lowlands. It was believed that the district was highly

covered by coniferous forests at the beginning of the last century. Currently the Yerer

and Dirre-Garbicha are the forest areas protected by the government whereas Tedecha

and Oude are the well-known community forests in the district (Oromia Socio-economic

profile, 2000). Eucalyptus and remnant trees in agricultural lands are the major sources

for household construction wood. As a result of a high scarcity of trees, the household

fuel consumption is mainly based on dung and crop residues.

Some of the major wild lives in the area are wild pig, warthog, hyena, monkey, rabbit,

fox and duiker. There is no reserved area for wildlife conservation.

2.3Agricultural Activity
Farming system in the study area is represented by mixed farming, in which crop

production and animal husbandry are significantly supplementing each other. The district

is one of the top areas in the production of cereal crops such as Teff and Wheat as well as

various types of pulses in Ethiopia. Land use of the area is classified as 51% arable,

6.4% for grazing, and 7.4% is state and community forest. The remaining 34.8% is
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degraded and other types of land (Oromia socio economic profile 2000). As expressed in

the physical and socio-economic profiles of Oromia (2000), crop rotation, fallowing and

application of crop residues are traditional methods of maintaining soil fertility. The

average farm size per household was 3.6 hectares and the average number of farm oxen

per household was 2. The major crops grown by rain fed practices are teff, wheat, barely,

horse been, and field pea. With irrigation system cabbage, onion, and tomato are the

most important vegetables grown in the area. There were 146,312 cattle, 23,885 sheep,

54,994 goats, 2008 horses, 2561 mules, 25,410 donkeys and 24,045 poultry in Adaha

Liban in 1997 (Oromia socio-economic profile,2000).

2.4 Social Services and Infrastructures
Relative to other administrative zones of Oromia, Adaha Liban district is better in

transport, communication systems, potable water supplies as well as schools and health

institutions. All weather and dry weather roads are 130 km and 90 km respectively.

About 27% of the rural and 100% of the urban (which is about 50% of the district’s

population) have access to potable water supply. The district has six fuel stations.

3 HEAT TRANSFER MECHANISMS
The earliest evidence for human use of fire for warming and lighting comes from caves

occupied by Peking man about half a million years ago. In spite of this use, it has been in

relatively recent times that people have understood that heat is energy and that

temperature is a measure of the amount of that energy present in a body (Bayazitoglu &

Ozisik, 1988).
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At absolute zero (0k) there is no molecular movement, but above this temperature the

molecules of every substance vibrate. As the substance is ‘heated’ the molecules vibrate

more. Heat transfer is the transfer of this energy from one location to another, in the case

of a cooking stove from the fire to the food; or in the case of space heating from the stove

to the room.

There are three main modes of heat transfer; conduction, radiation and convection. Heat

is transferred by conduction in solids or fluid at rest. Conduction needs a medium

whereas radiation can take place in a vacuum with no material carrier. Heat transfer by

convection is through fluids in motion. In fact, conduction and radiation are the two basic

modes of heat flow: convection can be regarded as conduction with fluid in motion.

In general, the temperature distribution in a medium is controlled by the combined effects

of these different mechanisms of heat flow. It is not possible to completely isolate one

from the other. The qualitative descriptions of each of these three different mechanisms

of heat transfer are briefly described below.

3.1Conduction
Conduction is the mechanism of heat flow in which energy is transported from a region

of high temperature to a region of low temperature by the drift of electrons through solids.

It occurs at different rates in different materials. A wooden stick can burn at one end, and

still the other end remains relatively cool, but a metal knife or spoon transmits heat

rapidly from one end to the other. The ability of a material to conduct heat depends on its

atomic structure. Metals have electrons within them that can move rather freely

throughout the metal. As they move, they carry thermal energy from one part of the

metal to another. Hence metals, because they contain many free electrons, are excellent

heat conductors

The transfer of heat through conduction can be determined using the following equation

known as Fourier law.
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Q =
L
TkA

Where: Q is the rate of heat transfer

A is contact area

k is thermal conductivity of the material

L is the thickness of the wall

T is the difference in the temperatures between the hot and cold sides.

The above equation expresses that, the rate at which heat is conducted increase with

contact area, temperature difference and thermal conductivity but reduces with distance

between hot and cold areas.

This relationship indicates that as aluminum has a higher thermal conductivity than

materials such as clay and mud, aluminum cooking pots increase the rate of conducted

heat transfer from the outer surface of the pot into the food when they replace clay pots.

However, the opposite is true when a metal replaces clay or a mud stove. Then, more of

the heat from the fire is carried away through the walls of the metal stove than through

poorer conductive materials like mud or clay. Insulating materials (i.e. material with very

low thermal conductivity) can be used to reduce heat losses.

3.2Radiation
Radiation is the energy transferred from a body of high temperature to a body of low

temperature with out a physical contact. It travels in the form of waves that release

energy when they are absorbed by an object. The wave lengths that each object emits

depend primarily on the object’s temperature. The higher the temperature, the faster the

vibration of electrons, and the shorter are the wavelengths of the emitted radiation.

Although objects at a temperature of about 5000C radiate waves with various wave

lengths, some of them are short enough to stimulate the sensation of vision. We actually

see these objects glow red. Objects cooler than this, radiate wave lengths, that are too

long for us to see.
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Objects that have with a very high temperature emit energy at a greater rate or intensity

than objects at a lower temperature. This fact is summarized in what is known as

Stefan’s law, given as

Q=T4

Where Q =the radiation flux emitted by real object.

= the emissivety of the body, which is less than unity for all real bodies and

equal to1 only for a black body

= the Stefan-Boltzmann constant; its value is 5.67X10-8w/m2.k4

T= the absolute temperature of the object, in degree Kelvin.

This law indicates that a small increase in temperature results in a large increase in the

amount of radiation emitted because doubling the absolute temperature of an object

increases the maximum energy output by a factor of 16, which is 24.

In a cook stove, heat transfer by radiation takes place mainly from the glowing fuel

(charcoal, wood, dugs, etc). There is also some radiation from flames which accounts to

about 14% of the total energy released from the fire, the temperature of the glowing

biomass fuel and the cooking vessel being more or less fixed. The heat flow to the

cooking vessel from the fire bed is dependent on the relative areas, their orientation and

the distance between the cooking vessel and the fire bed. The more the bottom of

cooking vessel can “see” the fire bed, the higher the heat transfer by radiation will be.

Radiative heat transfer also increases either by increasing the surface area of the cooking

vessel or by decreasing the distance between the cooking vessel and the fire bed.

However, if the distance is too small this will cause in the quenching of the fire that

results incomplete combustion and an increase in the emission of carbon monoxide.

Radiation also takes place from hot surfaces of the stove to the surrounding. As the heat

flow is proportional to the fourth power of the absolute temperature, an important portion

of the generated heat can be radiated away in a badly designed cooking stove. The

radiative heat transfer from a high temperature source to a body at a lower temperature

can be conveniently expressed by the equation
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Qr = F12A1 (T14-T24)
Where:Qr = the radiant heat flow per unit time (W)

 = Stefan – Boltzman constant (W/m2k4)

F12 = a factor depending on the properties and the relative geometric orientation

of surfaces 1and2

T1 = the absolute temperature of surface 1(k)

T2 = the absolute temperature of surface 2(k)

A1 = the area size of surface 1.

3.3. Convection
Convection is the process of heat transfer by the flow of a fluid (such as air or water). If

the fluid motion is caused externally by a forcing mechanism, such as a fan, a blower, a

pump, or a wind the mechanism of heat flow is said to be forced convection. If the fluid

motion is set up by the buoyancy resulting from density differences caused by the

temperature difference with in the fluid, the mechanism of heat flow is said to be free (or

natural) convection.

Convective heat transfer is the predominant mode of heat transfer in cook stoves. Hot

gases, produced from the combustion of fuel, heat the cooking vessel through convective

heat transfer. The cooling of the stove and the heating of the space also takes place

through this mechanism.

In convective heat transfer, since fluid flow and heat transfer take place simultaneously,

the theoretical analysis requires the solution of continuity, momentum and energy

conservation equations simultaneously. This makes the solution very complex.

However, there is a relatively simple empirical formula used for the analysis of

convective heat transfer problems, as described below.

Qcv = hA (Tf-Ts)
Where:- Qcv = the heat transferred from the hot fluid to the solid surface (cooking

vessel surface in the case of a cook stove).
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h = the connective heat transfer coefficient

A = area of surface receiving heat

Tf= Temperature of fluid

Ts = Temperature of surface

The above formula indicates that convective heat transfer is increased by increasing the

area of contact with fluid, the temperature difference between the fluid and the surface,

and the flow of the fluid with an external source of motion.

The major problem in using the convective heat transfer equation is in assigning the value

of heat transfer coefficient (h). “h” is a function of the nature of the flow ( laminar or

turbulent), the velocity of the flow, the geometric situation, and the physical properties

of the fluid. However, for convenience of different applications the mean value of h is
given in standard books.

4. HOUSEHOLD ENERGY.
Household energy has received increasing attention in recent years as the importance of

the household sector increased in the energy balances of developing countries. Data from

more than fifteen UNDP/World Bank country assessment reports show that the

household sector accounts for 35% to 99% of the total energy consumption (Growen. M
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et al, 1987). The highest proportions are found in poorer countries where households

depend almost exclusively on traditional fuels. Today many of these people are facing

severe crisis in energy scarcity as local wood resources are depleted and more distant

forests are cut down.

Household energy has many unique properties that differs it from other sectors such as

industry and commerce. First, the household sector consists of many individual users who

live in a great variety of energy “land escapes”. There is enormous diversity in the

availability and costs of energy supplies, in the levels of consumption and mix of fuels

employed, in end-uses such as cooking, water heating, space heating and lighting: and in

technologies as well as in energy related preferences and modes of behavior.

Second, most household energy use is not recorded by supply agencies but must be

ascertained through household surveys. So far it is the traditional fuels which dominate

the household energy sector in most developing countries, since they are either collected

or traded outside the monetary economy or brought and sold in a multiplicity of small

markets. It is also true for anything but the most aggregate level of consumption in

petroleum fuels such as kerosene and liquefied petroleum gas (LPG or” bottled gas”),

which are bought at a myriad of retail outlets. Disaggregated records of household

consumption exist. Only with electricity and piped gas are centralized because these

supplies are metered and billed.

Third, traditional fuels, especially in rural areas, represent only one aspect of the complex,

interrelated systems for producing, exchanging, and using biomass materials of all kind,

including, for example, human food, animal fodder, and timber and crop residues for

construction materials, as well as fuels. Energy problems and solutions must almost

invariably be considered within this total context. At the same time, there are no

established market mechanisms in rural areas to bring supply and demand for traditional

fuels into balance so that in many instances the depletion of biomass fuel resources

continues unabated with sever impacts on other parts of the biomass system and on

present and future household energy supplies. These impacts are usually most severed
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for the rural and urban poor, who are the least able to adapt to the increasing scarcity and

rising cost of resources.

Fourth, traditional household fuels and technologies for their use are often difficult to

change, largely because alternatives are not known and there is no capital available to

make use of alternative, and households tend to prefer to continue with age-old customs.

These characteristics together make it especially difficult to assess the basic energy data

on the household sector. Furthermore, energy supply and demand patterns are location-

specific. They normally vary considerably by region, district, village and town, and by

household classes within towns (Growen.M et al ,1987).

4.1 Household Energy Situation in Ethiopia.
Excluding human and animal energy, the sources of energy supply in Ethiopia can be

classified into traditional and modern energy. Traditional sources include wood fuel,

agricultural residue, and charcoal and cattle dung collectively known as Biomass. It

accounts to about 95.8% of the total energy supply of the country. Modern energy

consists of electricity and petroleum products, and accounts to the remaining 4.2% of the

national energy supply sources. From the total modern energy supply, on average,

petroleum constitutes 86% and the remaining 14% is derived from electricity, of which

96.7% is from hydro and 3.3% from diesel generators (energy conference, 2002).

The share for household sector, of the total national energy consumption, is more than

90%. Out of this share, rural households account for about 92% of the total household

consumption. The proportion of energy used by household sector with the type of fuel

used in the year 2000 is indicated in the table 2. The calculation is based on the study by

CESEN (1986), a private organization that carried the study in collaboration with the

Ethiopia National Energy Committee. As it is observed from the table, household energy

demand is mostly for cooking and baking, using traditional fuel. Because of the absence

of rural electrification and high economic value of charcoal and kerosene, the share of

rural households used for cooking purposes is very small.
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Table2 Energy consumption in the domestic uses of the household sector by fuel and by

end uses in rural and urban settlements in the year 2000 (Tcal)

Type of fuel

End uses

Mitad Other cooking Lighting Ironing Others Total

Tcal % Tcal % Tcal % Tcal % Tca % Tcal %

Rural

Fuel wood

Dung

Agri residue

Charcoal

Oil products

Electricity

76483

55716

10595

10172

-

-

-

45.03

32.81

6.23

5.99

-

-

-

57709

49944

3964

2964

803

34.19

-

33.98

29.40

2.33

1.74

0.47

0.02

-

22071

22040

-

-

-

31.1

-

13

12.98

-

-

-

0.02

-

7.22

-

-

-

7.06

0.66

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

156270

127700

14599

13136

810

66

-

92.01

75.19

8.6

7.73

0.48

0.04

-

Urban areas

Fuel wood

Dung

Agri residue

Charcoal

Oil products

Electricity

6512

5248

658

581

-

-

25

3.83

3.09

0.39

0.34

-

-

0.01

6103

3333

280

172

1770

545

3.06

3.60

1.96

0.16

0.10

10.46

0.32

-

808

337

-

-

-

73

398

0.48

0.20

-

-

-

0.04

0.23

120

-

-

-

95

8.6

16

0.07 24

-

-

-

-

-

24

0.01

-

-

-

-

-

0.01

13567

8918

938

753

1865

623

466

7.99

5.25

0.55

0.44

1.10

0.37

0.27

Total

Fuel wood

Dung

Agri residue

Charcoal

Oil products

Electricity

82995

60964

11253

11293

-

-

25

48.87

35.9

6.63

6.65

-

-

o.o1

63812

53277

4244

3136

2573

579

3.06

37.57

31.37

2.5

1.85

1.51

0.34

-

22879

22377

-

-

-

104

398

13.47

13.18

-

-

-

0.06

0.23

127

-

-

-

102

9.26

16

0.07

-

-

-

0.06

-

-

24

-

-

-

-

-

24

0.01

-

-

-

-

-

0.01

169837

136618

15497

13889

2675

689

466

100

80.4

9.12

8.18

1.58

0.4

0.27

Source:- Ethiopian Electric Agency, Paper presented on Rural Electrification

Symposium (2000)

Tcal = Tera calorie

Household energy consumption in 2000 amounted to an estimated 169,835 Tcal as shown

in table 2. Traditional fuel represented 99.28% of the total: fuel wood represented 80.4%,

dung 9.12%, Agricultural residue 8.18% and charcoal 1.58/% of the total consumption.

Modern energy represented less than 1%, i.e. oil products represented 0.4% while

electricity represented 0.27% only.
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Fuel wood contributes to around 136,618 Tcal which is about 80.4% of the total

consumption of the household. The share of rural household is 75.19% of the total

consumption of the household. It is used for various end-uses, contributing to 60964 Tcal

(35.9%) for Mitad baking, 53277 Tcal for other cooking and 22377 Tcal for lighting.

The contribution of dung and crop residues for the household is about 22546 Tcal which

is about 17.3% of the total consumption of the household sector. The main uses of agro-

residue and dung are for Mitad baking and other cooking.

As it is well known, the supply of fuel wood is diminished from time to time with

population growth. This led to the rural population to spend a large percentage of their

time searching for fuel wood instead of performing productive work in agriculture. Fuel

wood scarcity has led to a growing dependence on crop residues and animal dung as fuel,

which otherwise would have been used as animal fodder and for the restoration of soil

fertility. This could potentially lead to severe reduction in agricultural output at a time

when greater production is expected in the sector. Similarly, shortages and high costs of

fuel wood lead to the reduction in the number of cooked meals, especially by the urban

poor who cannot afford to switch to modern fuels. This would have adverse health

effects.

The composition of fuel use in urban and rural areas differs significantly. Of the total

household use of each type of energy, in 2000, the urban households used all electricity,

90.4/% of oil products, 69.7% of charcoal, and 9.9% of wood. The estimated

composition of urban household energy was 65.7% wood, 13.75% charcoal, 6.9/% dung,

5.6 % crop residues, 4.6% oil products and 3.4% electricity. The estimated composition

of rural household energy use was 81.7% fuel wood, 9.3% dung, 8.4% crop residue, 0.5%

charcoal and 0.04% oil products.

4.2. Environmental Impact of Household Energy

4.2.1. Land Degradation
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In developing countries, firewood is the only source of fuel for cooking for over a billion

people. Infact 90% of the world’s fuel wood is produced and used in the developing

countries (Richard et al, 2002). The most common method of cooking in these countries,

particularly in the rural areas is on an open fire (thee stones).

Three stone stoves are highly inefficient in cooking processes. When a large fire is built

between stones which are relatively openly positioned around it, there is little to prevent

heat radiating laterally outwards from the burning fuel. There is thus a considerable loss

of energy to the surroundings. The upward flow of heat is also largely unobstructed, so a

high proportion of the hot combustion gases pass freely up around the pot without

transferring any of their heat to it. This inefficiency of cooking methods coupled with a

high population growth rate of the developing countries has led to an extensive

deforestation all over the world.

The consequence of deforestation on the environment is multidirectional and

interconnected. Some of the consequences are:

a) The overall productivity of the area will be reduced.

b) The standing stock of nutrients and biomass, once steered in the trees and leaf

litter, will enormously removed.

c) Biodiversity will greatly diminish.

d) The soil will be more prone to erosion and drying.

e) The hydrologic cycle will change, as water drains off the land instead of being

released by transpiration through the leaves of trees or percolating into the ground

water

f) A major carbon dioxide sink (removal of CO2 from the air) will be lost.

g) The land will no longer yield both wood for fuel and for building or non wood

forest products; and

h) People who depend on harvesting forest products will loose their livelihood.
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As uncontrolled large scale deforestation continues, no further forest will remain to be cut.

Fuel demand will switch to crop-residue and dung cakes which have adverse impact on

the environment again. Increasing use of tree, crop and animal residue as fuel deprives

the soil of recycled nutrients and fastens erosion. This leads to a fall in agricultural

productivity and food production.

In Ethiopia, it is identified that household energy is a key issue in the national economy

in general and the energy sector in particular. The underlying reason is that the

household sub-sector is the major consumer of energy, and almost the entire energy

demand of this sub-sector is met from a biomass resource. In many parts of the country,

unsustainable exploitation of biomass resources has resulted in adverse economic and

environmental impacts. Household resources (finance, labor and time) are over extended

due to the rising prices of fuel and an ever increasing distance of fuel wood collection

sites.

Though it could be at different magnitude, all regions in Ethiopia are in short of biomass

energy supply to meet their current level of demand. The fuel wood demand and supply

projection and analysis made by the Ethiopian Forestry Action Program in 1996 showed

that in the year 2000 the demand for fuel wood was estimated to be 58.4 million m3 while

the sustainable supply is only 11.2 million m3 making the deficit to 47.1 million m3. For

the Year 2014, these figures are projected to be 88.9, 8.8 and 80 million m3 in the above

order (see table 3)

Table3 Estimated fuel wood demand and supply balance for Ethiopia (in million m3)

Year Demand Supply Deficit

1997 52.9 11.7 41.2
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2000 58.4 11.2 47.2

2005 68.5 10.4 58.1

2014 88.9 8.8 80

Source: Ethiopian Forestry Action Program (1996)

The impact on crop production is also another problem. When the demand for biomass

energy exceeds the available supply of wood fuel, increasing quantifies of cow dung and

agricultural residues used for energy, otherwise could have been used to enhance crop

production. Dung contains 1.465% elemental nitrogen and 1.30% elemental phosphorous

of oven dry weight. One tone of Urea contains the nitrogen equivalent of 32 tones of dry

manure. Dominium phosphate (DAP) contains both nutrients in proportions roughly

equivalent to dry cow dung. Its composition is 21% nitrogen and 23 percent phosphorous

(44% in total).One tone of DAP roughly equals 16 tones of dry dung. This assessment

obviously excludes various other nutrients contained in dung, which can contribute to

plant growth (EREDC, 2002).

As discussed in section 4.1 (table 2,) the amount of dung used as a source of energy for

households was estimated to be 469,5591 tones. In terms of imported chemical fertilizer,

this roughly equals to 146737 tones of Urea or 293,474 tones of DAP. This shows that if

steps will be taken to substitute dung with other sources of energy, the country can easily

substitute imported chemical with local natural fertilizer, which saves a significant

amount of foreign exchange. One should not also forget that natural fertilizer is more

environmentally friendly than the imported chemical fertilizer. The burning of dung as

fuel, instead of using it as a soil conditioner is considered to cause a reduction in grain

production by 550,000 tones annually.

4.2.2. Indoor Air Pollution and Health.
Air pollution is primarily thought of as occurring in out door locations in industrialized

countries where fossil fuels are the principal source of emissions. Indoor air pollution is

generally considered to be a problem associated with tobacco smoking. The highest total



37

exposure to many important air pollutants, however, can occur in the rural homes of

developing countries where biomass fuel forms the principal energy source for cooking

and space heating. The most common pollutants produced from the combustion of

biomass fuel are suspended particulates (SP), carbon monoxide (CO), hydrocarbons

(HCs), nitrogen oxides (N0x) and sulphur oxides (SOx) (Karekezi et al 1950).

The composition of the pollutants emitted during the combustion of biomass fuel depends

on several factors such as:

o Original composition of the fuel,

o Ambient and combustion temperatures,

o Air flow into the fire,

o Mode of burning and

o Type of stove ( Karkezi et al 1995).

Emissions of organic compounds are due to an incomplete combustion or to the

recombination of partly oxidized compounds in the combustion process. Tar aggregates,

inorganic particulates and water together form what is generally called smoke. As

described by Kerekezi and others (1995), particulate concentration in rural areas of

developing countries have been measured at levels of 200-21,000g/m3 which is higher

than the acceptable standards of WHO (100-150g/m3 for 8 hours).

Most of the emitted pollutants can have health effects that vary in severity. The

magnitude of the effects depends on the situation of exposure, the concentration, the time

and extent of exposure and the physiological status of the exposed person. The health

effect of the complicated mixtures of different emissions is probably different from the

sum of the effects of individual compounds (WHO, 1984). From a health point of view,

the most important pollutants are probably CO and the heavier organic compound which

constitute the major fraction of the total suspended partice matter (Karekezi,et al, 1995).

Carbon monoxide even in low concentrations is a very potent poison mainly because it

interferes with the oxygen-carrying capacity of the blood and therefore deprives body

tissues from the much-needed oxygen. Symptoms of acute carbon monoxide poisoning

are headaches, drowsiness and loss of consciousness. Prolonged exposure may lead to
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physiological disturbances such as reduced blood PH and reduced birth weights of infants

(WHO, 1987). Hemoglobin, the normal oxygen-carrying pigment in human blood, has

about 200 times more affinity for CO than for O2 and hence a relatively small exposure to

CO can be lethal. Women are at a greater risk to CO poisoning, because they have a

lower level of hemoglobin and hence are more predisposed to anemia (WHO, 1984). CO

is especially dangerous to fetuses because they mainly rely on their mothers to fulfill their

oxygen demands through blood-exchange via the placenta.

Recent studies carried out in India found out that pregnant women who were exposed to

biomass pollution had a 50% greater chance of still births (Karekezi et al 1995). The

health effects of particulates are generally related to effects on the respiratory system

such as reduced lung function, chronic bronchitis, emphysema, and cancer of the lungs,

the nose and the throat.(Karekezi, et al 1995).

All the health effects caused by pollution can be broadly categorized into three; acute,

sub-acute and chronic. Acute effects are the result of smoke inhalation and carbon

monoxide poisoning and are therefore considered to be the most serous, in some cases

causing death. Sub-acute effects arise from the inflammatory action of pollutants upon

the conjunctiva and mucous linings of the respiratory tract from the nose to the bronchi.

The most severe of the chronic effects are pulmonary and cardiopulmonary diseases and

Cancer. Others, under this category include impaired vision due to inflammation of the

cornea and conjunctiva or due to cataract following long a exposure to infra-red radiation

and to chronic carbon monoxide poisoning (WHO, 1984).

A study carried out in the Tigray Regional State found that the concentration of TSP and

CO were much higher than WHO or USA standards (Karekezi, et al, 1995).

5. DESCRIPTION OF THE STOVES
In this section the physical characteristics of the stoves, tested in this study, are described.

Two major groups of stoves have been tested, charcoal stoves and Bio-mass injera baking

stoves.
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5.1 Charcoal Stoves
Charcoal stoves are the most widely used for Wat cooking, water boiling, coffee making

and other related activities in cities and towns of Ethiopia. The use of these stoves

increases with the rapid growth of urban population of the country.

From an energy point of view, charcoal is not a positive conversion of wood. Even

though traditional charcoal stoves are usually more efficient than traditional wood stoves

(three-stones stoves), 60% to 80% of the energy is lost in the process of converting wood

to charcoal (based on typical kiln yields of 10% to 20% on a weight basis), thus negating

any savings even from the more efficient stoves (Stewart.B et al, 1987). Charcoal has

however many advantages over wood because of ease to transport, handling and storage

costs per unit of energy. It is also more convenient to use with lesser or no smoke and

requires considerably less tending to keep a constant heat out put. The fuel only needs to

be tended every half an hour, or longer if they are exposed to open air and the size of a

pan or a pot is properly fitted with the size of the stove rim.

Charcoal stoves are light weight, portable, have one fire per pot, and have no chimney.

Works in Thailand and Kenya indicate that the most important variables that affect the

performance of the stoves are wall material (insulated pottery is best), the density of the

ceramic material (which should be light and porous), the area of the grate hole (which

should be about 76cm2 for a grate of 14 cm diameter), and the area of the exhaust gap

(Stewart. B et al 1987).

The most fundamental components of charcoal stoves are briefly described as follow

(see fg.5.1).

a) Primary air entrance:- Having a door to the primary air entrance allows some

adjustment of the power out put, but in some designs a door is not included because it is

not considered as necessary in practical . Most of the stoves tested in this study have no

air entrance door. The power out-put can be increased by fanning air through the primary

air entrance.
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b) Grate: - The grate should have sufficient open area to allow good mixing of air

underneath the charcoal. The openings should be less than 2cm wide to reduce the

amount of small charcoal pieces that will fall through, but greater than 0.5 cm so that they

will not get blocked. If the open area is too small enough air will not enter the

combustion chamber, but if it is too great an excess of air will decrease the flame

temperature. The optimum percentage depends on the type and size of charcoal used.

The replacement of sheet-metal grates by ceramic grates increases the charcoal bed

temperature, the power out put and the efficiency of the stove.

c) Combustion Chamber: - The shapes of combustion chambers are slightly conical,

especially in improved charcoal stoves. This helps keep the charcoal to be packed as it

burns down and the sizes decreases. This promotes evenly distributed combustion at

higher efficiency (Stewart.B, 1987).

d) Pot/pan seat: - The pot/pan usually sits with a 1 to 1.5cm gap for the exhaust gases,

larger gaps allow more heat to escape. The pot seats are always made to accommodate a

range of pot sizes. Many designs have metal supports if the combustion chamber is made

of a weaker material. Similar to the air entrance door, it is also optional depending on the

type of the stoves. Although stove has a pot/pan seat, it may not important to use it if the

surface area of the pan/pot is greater than the diameter (width) of the stove rim. Half of

the stoves tested in this study have no pot/pan seats.

e) Stove body: - Different studies indicate that the weight of stoves has high correlation

with efficiency, the heavier stoves have lower efficiencies. However, very light stoves

which have low heat capacity walls (e.g. thin steel) do not attain high power outputs, high

efficiencies or steady burning, without full combustion champers. Insulating the

combustion chamber with fired pottery, low density pottery, a clay/rice-husk, ash mix,

pumice stone, cement/vermiculite mixtures, or other heat resistant insulators, have

usually increased the efficiency significantly. Insulating the outside of a cast-iron

combustion chamber also increases the efficiency significantly (Stewart. B et al 1987)



41

Source; Sewart.B, 1987

Fig5.1. Main components of charcoal stoves

Where; 1=air get

2=grate

3=combustion chamber

4=pan or pot seat

5=shields

6=stove body

In this study six different types of charcoal stoves were tested. Four of them are

improved stoves and are designated as Lakech stoves. The rest two are Metal charcoal

stoves, square metal charcoal stove and funnel metal charcoal stove. They are considered

as traditional charcoal stoves. The basic characteristics of these stoves are briefly

described in the next section

5.1.1 Lakech Stoves
Lakech stove was adopted from the Kenyan Ceramic Jocko, locally known as KCJ, by

the Ethiopian Energy Studies and Research Center of the Former Ministry of Mines and

Energy in 1990 under the Cooking Efficiency Improvement and New Fuels Marketing

Project. The stove was optimized by thinning the metal cladding of KCJ to suit with the
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Ethiopian cooking habits and reduces construction cost. It has the shape double conic

fitted with ceramic liner above its waist. A half liner combined with the bell-bottom

shape provides stability to the stove, with a low cost, and low weight as compared to full

liners.

Materials needed to produce the stove are metal, clay, cement, sand and water. Metal and

clay are the major raw materials to produce the stove. All the joints in the casing are

either riveted or folded and no welding, soldering or brazing is required. This reduces the

cost of the stove and avoids electric cost that is needed for welding and enabling one to

manufacture where there is no electric energy. The minimum or recommended thickness

of sheet steel for casing is 0.5mm and the thickest is 0.8mm. If material thinner than

0.5mm is used in the main casing, the folded joint around the waist will crack and

separate after a short time. If a material thicker than 0.8 mm is used, making the folds

and the waist joint will be awkward and difficult (Allen.H, 1991).

Clay is used to produce a liner in the inner part of the stove and is sealed with cladding

metal above the waist of the stove. The quality of the clay is determinant for the

production of the liner. Low quality clay causes cracking and can not resist high

temperature. The best type of clay to be used in liner making has the following

characteristics.

o Good physical strength when fired to 900 c0.

o Remains slightly porous when fired to 1150c0 increasing in weight by more than

10 percent when soaked in Water.

o Does not warp when fired to 1250c0.

o Fires to a light salmon color, between pink & white: and

o Shrinks less than 8 percent from a plastic state to dry

If clay shrinks to less than 8 percent and fires to a light color, it is likely that it dries

without cracking, retains porosity at high temperatures, returns to its shape and has a

good physical strength. If it is plastic then it is secondary clay and will have a better fired

strength than primary clay such as kaolin (Allen. H,1991).Once the proper clay typed is
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chosen, it will be crushed and sieved with a mesh size of 5mm and is mixed in a

proportion of 2 part sand, 1 part saw dust, 4 part water and 16 part clay to produce a liner.

Cement is used to bind the liner with the casing. It is difficult to make either the casing or

the liner to very high standards of accuracy therefore the fit between the casing metal and

the liner is sized so that there is a difference of about 15mm between the external

diameter of the casing and the external diameter of the liner. The gap is filled with

cement to bond them together. Properly formulated cement, mixed and cured for a

sufficient time, firmly bonds the casing and the liner together. Because the cement is

protected from direct exposure to the burning charcoal, it retains its strength indefinitely

Currently different types of Lakech with different sizes are produced and disseminated in

the country. In this study four types of the most frequently used medium sized stoves are

examined to determine their efficiencies. For simplicity they are designated as follows.

1. Tizazu’s Lakech, labeled by the name of producer.

1. Lakech with pan seat.

2. Lakech with out pan seat.

3. Externally rectangle Lakech.

Fig.5.2a outer part of Tizazu’s Lakech Fig.5.2b inner part Tizazu’s Lakech



44

Fig.5.3a outer part of Lakech with pan seat Fig.5.3b inner part of Lakech with

panseat

Fig.5.4a outer part of Lakech with

out pan seat Fig, 5.4b inner part of Lakech with out

pan seat

Fig.5.5a outer part of externally

Rectangular Lakech Fig.5.5b inner part of externally

rectangular Lakech

Their main physical characteristics are summarized in the following table
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Table4 Physical features of Lakech stoves.

No Stove type
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1 Tizazu’s

Lakech

3181 12 7 2.5 15 26 18.7 no Rectangl

e

36.7 yes

2 Lakech

With out

pan rest

2041 13 5 2.5 10 24 18 no Parallelo

gram

12 no

3 Lakech with

pan rest

2158 12 5 2.5 10 23 17 yes “ 9 yes

4 Rectangular

Lakech

1943 8.7 5.7 2 to

5.5

7 20*20 15 no “ 36 no

5.1.2 Metal Charcoal Stoves
There are three types of metal charcoal stoves of different sizes in the market square,

funnel and circular shapes. The most widely used are the square and funnel shaped

stoves. These stoves are taken as traditional charcoal stoves. In this study medium sized

square metal and funnel metal charcoal stoves are examined to determine their efficiency

and to compare the results with the efficiency of different types of Lakech stoves. The

Grates of the metal charcoal stoves are removable unlike the Lakech stoves Grates. The

main physical characteristics of the two stoves are described in the following table.
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Fig.5.6a outer part of metal square charcoal stove Fig.5.6b inner part of metal square

charcoal stove

Fig.5.7a outer part of metal funnel charcoal stove Fig.5.7b inner part of metal funnel

charcoal stove

The main physical characteristics of the two stoves are described in the following table.

Table5 physical features of metal charcoal stoves.

No Stove type Weight

(gm)

Combustion

chamber

Upper

rim area

(cm2)

Pan

rest

Air Gate

Area

(cm2)

depth

(cm)

Shape Area

(cm2)

Door

1 Square

traditional

metal

2060 161.3 8.5 20*20 yes rectangle 70 no

2 Funnel

traditional

metal

783 161.7 6 20*20 yes trapezoid 21 no
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5.2Biomass Injera Stoves
For the majority of Ethiopian households, Injera (the main flat staple Ethiopian food) is

the main fuel consumer in cooking process. In most parts of the country injera baking is

done on a flat ceramic plate known as Mitad which is in average about 60 cm in diameter

and placed over three stones. Highly flammable fuels, such as dry wood, leaves, and

twigs are used to achieve the high heat which is necessary to cook injera quickly. The

fuels are fed from several directions under the Mitad; often resulting in sudden flares

when they ignite explosively, causing severe burns. Three stones injera baking stoves are

inefficient and have very high smoke. To alleviate the above problems different

governmental and non-governmental organizations have made attempts in the last 20

years. The Burayou Basic Technology Center (BBTC), under the Ministry of Education

has tested high mass biomass injera Mitad since the early 1980s while various NGOs

have experimented the traditional Tigrean enclosed Injera stove in several Ethiopian

urban areas. Other groups, including the Science and Technology Commission (STC),

the Ambo mud-stove project (German Development Assistance), have made experiments

on high-mass biomass injera stoves. However, the efficiencies of these improved stoves

were not as such satisfactory. After several trials the former Ethiopian Energy Authority,

under the Ministry of Mines and Energy has developed a better stove known as “Mirt”

through the program of Cooking Efficiency Improvement and New Fuels Marketing

Project (CEINEFMP) in 1994 with funding from UNDP. The basic characteristics of this

stove are described below.

5.2.1 Description of Mirt Stove
Mirt is an enclosed Injera stove designed by the former Ethiopian Energy studies and

Research center of the Ministry of Mines and Energy under CEINEFMP program. The

name Mirt means best. The basic design of Mirt is adopted from those of the Ambo and

Burayu enclosed Injera stoves by optimizing to handle different types of fuels. The stove

has six parts. Four arcs which fit together to form the circular combustion chamber and

two-U-shapes that form circular pot rest. The four arcs of the combustion champers

enable the stoves to avoid cracks due to thermal stresses and also help to handle and
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transport the stove easily. The U-shape part is used for pot/pan rest and also for chimney

purposes (fig5.8).

Fig.5.8 main components of Mirt stove

The size of its main components are indicated in fig.5.9

(fig 5.9) Size of main components of Mirt stove
1. Fuel & air entrance width =24cm

2. Fuel & air entrance length =11cm

3. The height of the stove from the stand to the rim on which Mitad is placed =24cm

4. The diameter of the rim of the combustion chamber on which Mitad plate is rest =62cm

5. width of pot rest/chimney = 19cm

6. Height of pot rest= 7 cm

7. Inner diameter pot rest= 14cm

8. Outer diameter of pot rest= 18cm

9. Thickness of the wall on which Mitad is rest is =6cm

The total weight of the stove is about 60 kg.

The raw materials used for construction of the Mirt stove are cement and pumice. In the

areas where pumice is not available, scoria (red ash) or pure river sand can be used

alternatively. Pumice binds well with cement and is a good insulator. Two grain sizes of

Chimney and pan seat

Chimney classes

Mited rest

Fuel and air entrance
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pumice are used. The fine size is 3 mm and the coarse grain is 5mm. These two-grain

sizes will be mixed in 3 parts fine and one-part coarse grains. Four parts of these pumice

grains will again be mixed with one part cement and water.

When compared to the three stones stove, Mirt stove has many advantages.

-It is more efficient than three stones stove and hence reduces fuel consumption which

again decreases the rate of deforestation and desertification;

- It is less smokey, thus vulnerability of cooks to different respiratory and eye diseases

decreases;

- It is much comfortable than three stones stove during cooking;

-It reduces fuel expenditure costs of the household.
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6. RESULTS AND DISCUSSION
This topic covers discussion on experimental and field survey results. The discussion on

experimental results focuses about thermal efficiency of charcoal stoves and fuel

efficiency of injera baking biomass stoves. In the field survey results the discussion deals

with the factors affecting the dissemination of Mirt stove, the distribution of non-injera

cooking stoves, the households’ stove preferences and the fuel consumption pattern of the

study area.

6.1. Experimental Results
Stove testing is the systematic measurement of the advantages and limitations of a

particular stove model. Its primary aim is to identify the most effective and desirable

stoves for a specific social and micro economical context by determining the efficiency

of the stove. The concept of efficiency is based on the thermodynamic consideration.

According to the first law of thermodynamics, the efficiency of advice for a specific

operation is the ratio of the energy output to the energy input. In a biomass fired cook

stove, heat is generated by partial combustion of the biomass. Some of the generated

heat is transferred, by radiation and convection, from the fire bed and the flue gasses to

the vessel, and some of it is utilized for cooking food. The remainder of the heat is lost to

the environment, through various heat transfer mechanisms as indicated in fig 6.1.

1 .Evaporation

2. Distance from fuel to pot

3. Convective loss from

wind

4. Unburned volatile gases

5. Radiation from pot

6. Poor seal at stove interface

7. Cool combustion air or fuel

8. Radiation from stove

9. Conduction through stove

F ig.6.1 heat loss parameters of cooking 10. Wet wood
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Stove (source Marco Peter) 11. Pot contents

A number of partial efficiencies have been defined by VITA (1985) taking into account

the effect of various losses that take place at different stages in a cook stove. These are:

i. Combustion efficiency: c=
woodfuelofvalueheating

combustionbygeneratedheat

ii. Heat transfer efficiency: t=
generatedheat

panthetoinputheatgross

iii. Pot efficiency: p =
inputheatgross

lossessurfaceinputheatgross 

iv. Central efficiency: r =
potthetoputinheatnet
foodthebyabsorbedheat

v. Overall efficiency: o=
uelbiomassinpotentialenergy
potthebyabsorbedheatnet

An overall efficiency is the product of the first three partial efficiencies described above

i.e. o = c*t*p

vi. Cooking efficiency: cook =
biomassinpotentialenergy
foodthebyabsorbedheat

The cooking efficiency accounts for all the heat losses. It is the overall stove efficiency

multiplied by the pot efficiency

Cook = c*t* r*p= o*P

While applying these indicators, it should be kept in mind that efficiency is not an

absolute physical quantity but it is a self-defined ratio which depends on the conditions

under which a process takes place and on how input/output are measured, thus serving

only as a guideline only. Efficiency may be reproducible in a system having a standard

performance like an internal combustion engine. However, combustion of biomass in a

cook stove is a variable process because thermodynamic efficiency of a cook stove

depends upon a large number of factors such as stove design, fuel composition, vessel

design, cooking practice, meteorological conditions and operational variables such as fire
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tending and rate of heat supply, etc. Most of these factors are variable in nature and

hence the dynamic efficiency of a cook stove is not a unique property of the stove alone.

Thus, it has a limited utility and can not predict the actual fuel consumption. The

efficiency is a design tool rather than a means of predicting the performances of the

stoves (VITA, 1985).

The stove performance can also be expressed in terms of specific fuel consumption (sfc)

which measures the fuel wood required to produce a unit out put. For cooking, this can

be expressed by the equation:

SFC =
cookedfoodofmass
consumedfuelbiomassofmass

There is a link between sfc and the cooking efficiency which can be expressed as shown

in the following equation.

 =
sfc
1

v

pt

H
TC *

Where: Cpf = heat capacity of the fuel

Hv = Heating value of the fuel

T = Change in temperature

The specific consumption appears to be a better index for expressing the performance of

a cook stove and for describing the fuel consumption pattern.

In this study Water Boiling and Controlled Cooking Tests have been conducted. Water

Boiling Test was carried out on charcoal stoves where as Control Cooking Tests were

carried out on both charcoal stoves and biomass injera baking stoves. The results of these

tests are presented in the following sub-topics.

6.1.1. Water Boiling Test Results
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The Water Boiling Test is a laboratory test which can be used to compare the

performance of two or more stoves under similar controlled conditions, or the same

stoves under different conditions. It simulates the boiling/simmering type of cooking.

In order to simulate the actual process of boiling in a cooking process, the total test

period is divided into two parts, namely the high power phase (heating or cooking period)

and the low power phase (simmering period). The rating of a cook stove will be good

according to this method, if a certain mass of water can be quickly boiled during the

high-power phase and a small quantity of fuel wood is used during the low power phase.

The performance of different stoves is evaluated by estimating the thermal efficiency

(PHU) and the power output of the fire (Pmax) during the high power phase. During the

low power phase, thermal efficiency is not as such important, only the power output of

the fire (Plow) is taken into consideration for the estimation of Turn Down Ration. The

higher the ratio of maximum to minimum power out put (defined as the Turn Down

Ratio), the greater is the potential for fuel saving.

In this study six types of charcoal stoves were examined. These are Tizaz’s Lakech,

Lakech with Pan Seat, and Lakech without Pan Seat, Externally Rectangular Lakech,

Metal Square and Metal Funnel. Four tests per stove were done and the results are

averaged. Based on the factors that control the acceptability of stoves, the results of the

tests are described as follows.

A) Thermal Efficiency (PHU):- is the ratio of the energy transferred to the water to the

energy librated by the burning fuel. The overall PHU value is commonly referred to as

stove efficiency. As indicated in fig 6.2 Externally Rectangular Lakech is the most

thermal efficient stove with a value of about 35% followed by Lakech with Pan Seat

(33%) and Tizazu’s Lakech (32%) consequently. Metal Square stove is the least thermal

efficient stove next to the Funnel Metal stove whose PHU value are about 23% and 26%

respectively.
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Fig 6.2 Thermal efficiency of Charcoal stoves

The difference in thermal efficiency observed between the most efficient stove

(Externally Rectangular Lakech), and the least efficient stove (Metal Square) is about 12

in percent. It is a wide difference in the efficiency comparison between similar appliances.

The efficiency difference observed between the most efficient Lakech stove and the least

efficient Lakech stove is about 5 in percent i.e. it is the difference in PHU value observed

between Externally Rectangular Lakech whose value is about 35% and Lakech without

Pan Seat whose value is about 30%. However, as it was observed from the field survey

result and discussed in section 6.2, Lakech Without Pan Seat is the most widely used by

the community of the study area may be due to the lack of awareness about the

performance of the stove.

B) Time to Boil: - Time to boil is depends upon weather conditions and stoves design.

Weather conditions affect the rate of heat loss from a stoves and a pot. But if the tests are

carried in similar weather conditions its impact for comparison is not significant. Thus

the determinant factor for comparison of the stoves is their design. The time taken by

each stove to boil 2400gm of Water during the test is indicated in fig 6.3.



55

Fig.6.3 Charcoal stoves’ time taken to boil water

The fastest stove was Metal Square which has taken 42minutes to boil 2400gm of water,

followed by Tizazu’s Lakech that has taken about 46 minutes to boil the same amount of

water. The slowest stoves were Lakech with Pan Seat and Externally Rectangular

Lakech which have taken 59minutes and 55 minutes respectively to boil the above

mentioned quantity of Water. These stoves were the most efficient in thermal efficiency

criteria but they were the least efficient speed wise. The time difference observed

between the fastest and the slowest was about 17 minutes. Again the time difference

observed between the fastest Lakech stoves and the slowest Lakech stove was about 13

minutes i.e. the time difference observed between Tizazu’s Lakech and Lakech with Pan

Seat. Tizazu’s Lakech has a good performance both in PHU value and in the time to boil

as compared to other stoves.

C) Turn Down Ratio: - It is the ratio power out put of high power phase (Pmax) to power

out put of low power phase (Plow). It is considered that the higher the turn down ratio is

the grater the potential for fuel saving .As indicated in fig. 6.4 the most thermal efficient

Lakech stoves, discussed in the above paragraph, have higher values of Turn Down

Ratios with the exception of Externally Rectangular Lakech stove. The reason for
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lowering Turn Down Ratio in the case of Externally Rectangular Lakech stove could be

due to smaller size in pan hole and smaller combustion chamber volume. Even though

the stove is middle sized of its types, it has a smaller pan hole size and a smaller volume

of combustion chamber as compared to the other stoves. Since the surface area of the pan

is greater than the surface area of the pan hole, it is possible to lower the power out put of

the stove. This has been observed during the tests. The stove needed a continuous

funning due to the presence of smaller gap between pan and stove interface for air

exhaustion and a frequent charcoal supply as it can not hold enough charcoal for

continuous supply of energy.

Fig 6.4 Turn Down Ratio Values of charcoal Stoves

On the other hand stoves that are inefficient in thermal efficiency are again also lower in

turn down ratio, e.g. Lakech with out pan seat. Therefore, the above figure indicates that

the more efficient in thermal efficiency criteria the stoves are the greater in the value of

turn down ratio as is expected and hence they are better in fuel saving potential and vice

versa.
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6.1.2. Controlled Cooking Test Results of Charcoal Stoves
Controlled Cooking test is an actual test of cooking of predominant meal. It subjects

stoves to a more realistic condition as compared to the Water Boiling Tests. The results

of the tests are mostly expressed in terms of specific fuel consumption.

SFC=
cookedFood
usedFuel

Since the tests give a better prediction of actual fuel savings than do Water Boiling Tests,

it is used world wide to determine the fuel consumption of the stove. The fuel

consumption efficiency of the stoves examined in this study are shown it fig 6.5.

Fig.6.5 Fuel Consumption of Charcoal Stoves

The above figure indicates that Externally Rectangular Lakech is the most fuel saver with

specific fuel consumption of 0.096kg in Shiro Wat cooking process, followed by Lakech

With Pan Seat and Tizazu’s Lakech whose specific fuel consumptions were 0.10 and

0.105 respectively to cook the same food. Metal Square stove was the least fuel saver

stove. It consumed 0.158 kg of fuel wood to cook one kilogram of Shiro Wat.

As it is expected, the controlled cooking test results coincide with the thermal efficiency

test results. The most thermal efficient stoves such as Externally Rectangular Lakech
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Stove and Lakech with Pan Seat are the higher fuel savers and similarly the least thermal

efficient stoves such as square metal and Funnel Metal are the higher fuel consumers

which were the least thermal efficient. The potential fuel saving of the Externally

Rectangular Lakech Stove over the Metal Square is about 39%. Since the fuel saving

difference observed between the two stoves is very large, the community of the study

area does not use metal charcoal stoves widely as discussed in section 6.2.1.

6.1.3. Controlled Cooking Test Results of Biomass Injera Stoves
All energy survey conducted in Ethiopia indicated that injera baking take more than 50%

of household energy consumption. This high energy consumption by injera baking is

raised from widely utilization of three stones stove. It is believed that three stones stove

is highly inefficient. It is supposed to emanate more than 90% of the fuel used to the

environment. This inefficient utilization of household’s energy coupled with other

factors such as forest clearing for agriculture, timbers for construction, etc caused serious

land degradation all over the country. To alleviate this acute problem of the country the

Ethiopian Energy Studies and Research Center of the former Ministry of Mines and

Energy designed improved stove known as Mirt in 1992 under the Cooking Efficiency

Improvement and New Fuels Marketing Project (CEINEFMP). The stove was claimed

that it was highly efficient as compared to three stones stove. Currently the stove is

produced and disseminated in the study area by local producers with the support of GTZ

and energy concerned governmental organizations.

These controlled cooking tests have been carried to investigate the performance of these

locally produced Mirt stoves and be able to compare with the three stones stove. The

tests were conducted in the households of five injera bakers for sealing purposes. In each

household the tests on both Mirt and three stones were carried using the same bakers, in

order to minimize variation can be resulted by the performances of the bakers. The test

results are averaged and indicated in table 6.
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Table6 Performance of Mirt Stove as compared to the three stones Stove.
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Mirt

Three Stones

11.12

12.78

3.69

5.78

27

28

8.13

9.19

11.82

9.68

2.7

2.9

0.14

0.21

0.33

0.45

0.46

0.63

As shown in the above table Mirt Stove was slightly faster than three stones stove during

cooking period. Time taken per injera was 2.7 minutes with Mirt while it was 2.9

minutes with three stones stove. However, Mirt stoves taken longer time for ignition than

three stones stove. Average time taken to ignite Mirt stove was 11.82 minutes where as

the ignition time of three stones stove was about 9.68 minutes. The reason why the

ignition time of Mirt stove is longer than the three stones stove could be due to the

narrow air gate of the Mirt stove which limits the amount of air entering to the

combustion chamber.

Concern to fuel saving Mirt stove has much better performance over three stones stove.

As one can see from the table, fuel consumed per injera was 140 gm with Mirt stove and

210 gm with three stones stove. Fuel consumption is reduced by 70 gm per injera as a

result of using Mirt Stove. This indicates that Mirt stove has fuel saving potential over

three stones by 33.33%.

From the above figures the effete of using Mirt stove in alleviating the current household

energy problems observed in the country and more importantly in the combating of

deforestation problem which has adverse impact on the ecology of the country is

invaluable. This can be easily seen from the following simple calculation. As expressed

in the above paragraph, fuel wood can be saved as a result of using Mirt stove instead of

three stones stove is about 0.07 kg per injera. During field survey it was observed that
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the sample households have baked injera every three days and the average number per

session was 25 in town and 36 in rural areas. If these figures are projected to the

households’ population of the study (which is 48,879 in rural and 24,370 in urban) the

average number of injera baked per session will be about 32. Thus, the annual fuel saved

per household could be about 373 kg.

Table7 No of Injera baked per session in the study area.

No. of injera

per session

Urban Rural Total
No. hh % No. hh % No. hh %

Below 10 6 17.6 - - 6 8.6

10-20 11 32.4 - - 11 15.7

21-30 10 29.4 5 13.9 15 21.4

31-40 5 14.7 17 4.2 22 31.4

Above 40 2 5.9 14 38.9 16 22.9

Group total 34 100 36 100 70 100

No. hh =number of households

If 50% of the households of the study area ( which is about 36625 in number) use the

stove, the fuel wood saved will be about 13,661 tones per year. Previous studies indicate

that, from clear felled of one hectare eucalyptus forest, about 50 tones of fuel wood can

be produced. Therefore by disseminating this stove among 50% of households of the

study area, about 273.2 hectare of forest land can be saved per year.
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6.2.Households’ Cooking Stoves Ownership
The majority of Ethiopian households including in the study area have two major types of

cooking stoves: Injera baking and other cooking stoves. Injera is a pan cake- like

traditional bread which is prepared from cereal flour (mainly teff) and from less frequent

other cereals such as Millet, Sorghum, Corn, Wheat and Barely. It is backed on a

ceramic plate known as Mitad which has a 58-62cm diameter and is placed on three

stones, on enclosed improved stoves or on Modern stove known as electric Mitad. Non-

injera cooking stoves are stoves used for the making of meat or vegetable stew (known as

Wat), tea, coffee, etc and for Water boiling purposes. They can be kerosene, electric,

three stones, improved or traditional charcoal stoves.

In this study survey has been carried to assess stoves ownership, preferences for stove

types and fuel consumption pattern of the study area. Socio-economic factors, affecting

the dissemination of the improved Injera stove known as Mirt, were the central focus of

the survey. Since it is not common to get various types of cooking stoves in rural area of

Ethiopia, non-injera cooking stoves survey was carried only in Debrezeit town. The

results of the survey are presented in the following sub-topics.

6.2.1. Non-Injera Cooking Stoves Ownership.
Urban households in Ethiopia own and utilize a variety of non-injera cooking stoves.

Mostly, stove types used by households are directly related to the types of fuels in use.

Survey results indicated that households of the study area have three to four types of non-

injera cooking stoves on average. This could arise from unreliable supply of fuels; from

preferences of households for stoves, from the type of dishes mostly cooked, etc. In

Ethiopia, during the past 2-3 decades irregular supply of kerosene which is widely used

for non-injera baking has been observed. To cope up with this unreliability of supply,

people began to own a variety of stoves so that they can readily shift from one fuel type

to the other with less difficulty. The other main reason for owning various types of

stoves is related to preference of the households in relation to speed, convenience, fuel

saving, health impact and the type of food cooked. Different studies carried in Addis

Ababa indicated that charcoal stove is preferred by most of the people for coffee making.
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Stove ownership and utilization frequency ladder of the sampled households are

displayed in table 8.

Table 8 Stove ownership and utilization frequency ladder of the sample households.

Stove type Utilization
frequency ladder

hh.N0 %

Lakech (charcoal) 1st
2nd
3rd
Subtotal

12
51
8
71

16.9
71.8
11.3
100

Metal Square
(charcoal)

1st
2nd
Sub-total

1
8
9

11.1
88.9
100

Metal Funnel
(charcoal)

2nd
3rd
Sub-total

1
2
3

33.3
66.7
100

Electric 1st
2nd
3rd
4th
sub-total

7
10
12
1
30

23.3
33.3
40.0
3.3
100

Kerosene 1st
2nd
3rd
4th
Sub-total

72
20
4
1
97

74.2
20.6
4.1
1.0
100

Three Stones 1st
2nd
3rd
4th
Sub-total

8
6
21
1
36

22.2
16.7
58.3
2.8
100

As it is observed from the table, almost all the sample households (97%) utilize kerosene

stove. Among the users 74.2% as 1st, 20.6% as 2nd, 4.1% as 3rd and 1% as 4th uses the

stoves with frequency utilization ladder. This high coverage of kerosene stove has

environmental advantage. It could minimize household energy impact on the

environment particularly with regard to land degradation.

Lakech Stove takes 2nd rank in stove ownership order next to kerosene stove i.e. it

account to 71% of the sample households. In frequency utilization ladder it is utilized as
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1st by 16.9%, 2nd by 71.8% and 3rd by 11.3% of the sample households. So Lakech stove

is ranked in second place not only in stove ownership status, but also in frequency

utilization ladder (Table 8).

The stoves least used by the sampled households are Metal Funnel and Metal Square

charcoal stoves with coverage of 3% and 9% respectively. As it is seen from table8 the

coverage of traditional stoves (Metal Funnel, Metal Square and three stones) is very low

as compared to modern (kerosene & electric) and improved (Lakech) stoves. This

indicates that there is a tendency to switch off from the traditional stoves and shift to

Improved and Modern Stoves in the study area. Environmentally it is a positive trend.

Because widely using of improved stoves save the environment from land degradation in

a certain extent. Therefore, this study has focused on the dissemination and efficiency of

Lakech stove as it is an improved stove believed to be widely disseminated among the

society of the study area.

6.2.1.1. Lakech Stoves Ownership and Preferences of the Sampled

Households
Attempts have been made to know the distribution of Lakech stoves in the study area.

Questions have been forwarded to Debrezite town dwellers, to know if they used Lakech

stove. 71% responded that they have used it; the remaining 29% have not. The reasons

given by the non-users are depicted in table 9.

Table9 reasons for not using Lakech Stove

Reasons for not using No .hh %
Too expensive 1 3.4
Slow in speed 3 10.3
High fuel consumption 2 6.9
Do not use charcoal 15 51.7
Have no interest 2 6.9
Have other charcoal stove 3 10.3
Easily broken 2 6.9
Lack of information 1 3.4
Total 29 100
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As indicated in the above table about 52% of the non-users do not use Lakech stove

because they are not charcoal users. This shows that the stove was widely distributed

among charcoal users of the study area.

Even though the stove named Lakech is widely distributed among the people the material

however varies in shape, in size and in other physical parameters which affect its

efficiency. As expressed in section 5.1.1, there are four different types of Lakech stoves

on the local market, Tizazu’s Lakech, Lakech with Pan Seat, Lakech without Pan Seat

and Externally Rectangular Shaped Lakech.

Question has been forwarded to the users to investigate the proportion of distribution of

these different types of Lakech stoves and users preferences. According to the response

of the sample households, Lakech Without Pan Seat is widely used followed by

Externally Rectangular Shaped Lakech with a proportion of 46.5% and 19.7% of the

sampled households respectively. Tizazu’s Lakech and Lakech With Pan Seat are used by

equal number of sampled households. Each of them is used by 12 out of 71 sampled

households.

The reasons given for preferences were fuel saving, price, aesthetics and speed. It has

been observed that fuel saving was the number one factor for the preference of the

households. Speed was the second factor with the exception of Tizazu’s Lakech in which

aesthetic leads speed (annex 3.1).

The survey results contradict the experimental results discussed in section 6.1. The

results of water boiling and controlled cooking tests indicted that Externally Rectangular

Lakech and Lakech With Pan Seat were the most efficient and fuel savers. But, in

contrary to the survey result, experimental results indicated that Lakech Without Pan Seat

was the least efficient and hence it is the most fuel consumer. The main reason for the

households’ responses could be lack of awareness among the community. The

community simply takes any Lakech stove considering fuel saving without further

identifying one from the other. Actually there is no any adopted mechanism that enables
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the community to identify the efficient Lakech stove from the inefficient ones.

Promotion was simply conducted saying Lakech stove is a fuel saver with out further

identification. Therefore it is up to the responsible organization conducting quality

control on the existing stoves to give appropriate information to the community in order

to make them efficient stove users and helping to save the environment from degradation.

6.2.2. Production of Mirt Stove and Factors Affecting Its Dissemination
This topic covers the production and dissemination level of the stove, producers’ capacity,

economic benefit of the stove and factors affecting the dissemination of the stoves such

as promotion for market development, availability of the stove itself, and socio economic

aspects of the sample households such as income, family size, major occupation and

number of residential rooms.

6.2.2.1. Production and Dissemination Level of Mirt Stove
Mirt is an enclosed injera stove designed in 1992 by the Ethiopian energy studies and

Research Center of the former Mines and Energy Ministry under the Cooking Efficiency

Improvement and New Fuels Marketing Project. The whole process of the Mirt stove

designing and dissemination followed a six-step guideline. During the first two steps,

existing stoves were tested and the performances were determined. A stove was

redesigned after the necessary improvements and optimizations were done. Once the

stove proved worthy by the controlled cooking laboratory test, on the third step it was

again tested in the household kitchen in actual cooking condition. During this kitchen

performance test, data was collected and the impact of the stove had been assessed. At

the fourth step, market trials were undertaken with a number of stoves. CEINFMP

bought these stoves from the producers, trained by the project, and distributed them in

market places where they were sold out. After the market trial test, a number of stoves

were again commissioned for a large-scale dissemination and acceptability assessments.

The local producers that were trained by the project produced all these stoves. Sales were

monitored and customers were contacted for follow up. Stoves which successfully

passed for the acceptability assessment were promoted for full-scale commercialization

(Hilawe, 1999:18).
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The project was concentrated in Addis Ababa only. No other places even the

surrounding area such as the study area of this research had the chance to be the

beneficiary of the stove. No one was trained from the study area. However, a person

called Ato Berihanu Haila Mariyam has launched the dissemination of the stove in the

study area in 1996, first as a tailor and then immediately as a producer with out any

formal training or orientation. He produced and disseminated the stove in the study area

for the first three consecutive years. But due to the lack of good experience, appropriate

training and absence of responsible organization, the market gradually declined and

finally ceased in mid 1999. After two years of interruption, GTZ restarted the processes

in 2001 and trained three personnel from Debrezit town including the former local

producer. Since then a number of stoves were produced by trained local producers and

disseminated in the study area and other places. Up to end of January 2005, the number

of stoves disseminated in the study area is about 731 in the rural areas and 1364 in the

urban area (annex 3.2).

As explained in section “6.1.2” the current rural households of the study area are about

48,879 while the urban households are about 24,370. Thus, the coverage of the stove is

estimated to be about 1.5% in the rural and 5.6% in the urban. Hence a lot has to be done

by responsible organizations to arrive to a reasonable coverage in the study area.

6.2.2.2. Producers Capacity
“Competence is a function of knowledge and experience acquired through many different

situations. Competency may be learned through training whether formal or informal,

through personal experience on job, or through disastrous mistakes, but the most

profound business competencies come from running a business on your own. No amount

of simulation in the class room will fully prepare some one for a positive reinforcement

or feed back in a training course is likely to come close to the thrill of achievement after a

difficult struggle. What a training program can however provide is an enabling situation

in which a person can begin to answer the questions of whether or not to run an enterprise
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is their career of choice, and if so what type of competences they are likely to need in

their quest of success.” (Andargie, 2001).

With the need to make the project sustainable the project coordinator, GTZ, has selected

trainees with a great care in collaboration with partner organizations that are going to be

active in the dissemination activity. These are the Oromia Water, Mines & Energy

Resources Development Bureau, and the Woreda Agricultural Office, and the Labor and

Social Affairs offices. Though the criteria for choosing trainees differ for different target

groups, it is important to identify trainees who are enthusiastic and capable of

undertaking the training, capable of fulfilling the role envisaged for them on completion

of the training course, and who are likely to remain with the project for a reasonable

period. Based on these goals the project coordinator GTZ has formulated selection

criteria for the nomination of Mirt stove producer to train and enroll them on production

(table 10).

Based on the criteria indicated in the table the three current Mirt Stove Producers of the

study area were nominated and took training on the stove production technique and

marketing, for two weeks. The training was designed in such a way that it enhances the

capacity of the producers in the production process, marketing and basic book keeping. It

was given through lectures and practical activities. Lecture was given 25% while

practical activities were given 75% of the time allowed. More time was given to practical

activities due to the fact that stove productions are best learnt by doing rather than by

watching and listening. After training the producers were given starting materials such as

moulds, cement, sands, etc from the project organizer.

The producers were asked if the training they took was sufficient to carry out their career

properly. All of them responded that it was enough and have not encountered any

technical problems. However, they were working under capacity, mainly due to shortage

of money. They have run their business by their own fund; they have not taken credit or

loans from micro finance and other organization. They were also asked if there was raw



68

material scarcity problem, they responded that they have no problem in raw materials

except cement which has a high price and fluctuating supply.

Table10 selection criteria of Mirt stove producers (GTZ/HEPNR 2000)

No. Criteria Ranking

Points

Points of

candidate

1 Education 25

1.1

1.2

1.3

1.4

1.5

Basic literacy,8th grade complete

Artesian skills

Business skill

Professional experiences

Other relevant experiences

10

5

5

3

2

2

2.1

2.2

2.3

Interest

Compatibility with current job or business

Level of interest and motivation if

participating in the project

Willingness to cooperate with the project and

to provide relevant and correct information

(30)

8

12

10

3

3.1

3.2

Input

Work shop space availability and access to

Water

Level of matching in put that would be

committed to the business

(25)

15

10

4

4.1

4.2

4.3

Personality Factors

Reputation/acceptance by the community

Communication skills

Reliability/seriousness

(20)

7

6

7

Total 100
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6.2.2.3. Economic Benefit of the Stove
For all stoves, it is important to workout whether the stove will “pay”, that is, will the

benefits people get out of the stove is more than it compensates for the costs in money,

time or effort spent in acquiring it. Thus the stove should satisfy the interest of both

producers and consumers as much as possible. Otherwise it will never take off in a large

number, without at least some form of subsidy. Here, an attempt was made to indicate the

economic benefit to be obtained from Mirt stove both by producers and users.

A) Economic Benefit of Producers
The cost of producers can be categorized into variable cost and fixed costs. Variable

costs are costs which vary directly with production, such costs include raw material,

direct processing costs, direct transport costs and labor paid on a piece of work basis.

Fixed costs are costs which have to be met by the business whatever are the level of out

put. Such costs include contractual payments for buildings and equipment rents,

depreciation, non-direct transport costs, and bank interest for production of Mirt stove.

Required variable and fixed costs are indicated in the following tables.

Table11 estimated variable cost to produce Mirt stove

No Item Unit Qty Unit price

(birr)

Total price

(birr)

1 Cement Qunt 1/7 120 17.14

2 Pumice m3 0.03 300 3.0

3 Daily laborer no 0.2 10 2.0

4 Water m3 0.1 1.5 0.15

Total - - - 22.30

Currently the price of the stove at Deberezite town is 45.0birr.Thus excluding the fixed

cost, the marginal net benefit of the stove is about 22.7 birr.



70

Table12 Estimated fixed cost for producing Mirt stove

No Items Unit Qty Unit price

(birr)

Total price

(birr)

Life

year

Cost/year

(birr)

1 Shed construction no 1 400.0 400.0 1 400.0

2 Mould set 1 600.0 600.0 4 150.0

3 Mesh;3mmdiameter no 1 13.0 13.0 1 13.0

4 Mesh;5mmdiameter no 1 15.0 15.0 1 15.0

5 shovel no 1 20.0 20.0 4 5.0

6 Water bucket no 1 16.0 16.0 4 4.0

7 Plastic tube no 12 5.0 60.0 1 60.0

8 Board type1 no 10 10.0 100.0 5 20.0

9 Board type2 no 15 20.0 300.0 5 60.0

10 Carriage no 1 200.0 200.0 4 50.0

11 Masson spoon no 1 16.0 16.0 0.1 160.0

12 Producer salary moth 12 200.0 2400.0 - 2400.0

Total 3337.0

According to the estimation of GTZ, one producer can produce 1500 Mirt per year.

Based on these estimations the following simple economic analysis was made in order to

investigate the economic benefit to be obtained from the production of Mirt stove.

o The total variable cost of one producer per year is 1500X 22.3 = 33,450 birr

o The total fixed cost of a producer per year = 3,337 birr.

o The total cost which is the sum of variable and fixed costs = 36,787 birr

o The total income of a producer by producing 1500 stoves per year if the sealing

price of one stove is 45 is 1500X45birr = 67500 birr.

o The net benefit of a producer per year is 67500-36787 = 30,713 birr.

o The net benefit per stove is about 20.48 birr.

To investigate the real benefit obtained by producers questions were forwarded to the

producers, weather there were any changes on their life standard since they started Mirt

stove production. According to the given responses, all of the producers have improved

their life standard. They were family dependent before they started the stove production
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businesses, but now they furnished their houses, each of them bought cart for their

production transportation and additional income generation. All of them support their

parents and relatives. Furthermore, one producer even bought a car for further income

generation.

B) Economic Benefit of Mirt Stove Users
Economic analysis for customers’ perspective can be carried only if people are paying for

their fuel. This is normally in urban areas where biomass fuel is purchased on a wide

spread basis. Hence, it is difficult to carry out simple economic analysis in rural areas

where fuels is freely collected. Thus the following economic benefit of the stove from

the user’s perspective is done based on wood fuel price observed in Debrezite town

which is the capital town of the study area.

In section 6.1.3.it was stated that wood fuel consumption per injera with three stones

stove was about 0.21 kg while it was 0.14 kg with Mirt Stove. The difference in the

consumed fuel wood is about 0.07kg. From previous assessment and market price

observation during the survey time the price of fuel wood at Debrezite town is about 0.40

birr/kg. Again from the survey result it was observed that most of the sample households

have cooked injera every three days and the average number per session in the town was

about 25 as discussed section 6.1.3 (table 7). From these data the annual fuel wood saved

per household is 213kg. Hence the family saves 85.2 birr per year as the result of using

Mirt Stove.

The payback period of the stove can be calculated using the equation

Pbp=
f

i

C
C

Where, Ppb = pay back period in a given time,

Ci = cost of the stove which is 45 birr for Mirt

Cf= fuel wood saved in a given time.

Thus, the pay back period of the stove is about six months. This indicates that the pay

back period of the stove is very short and hence poorer people can easily buy it by taking
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loan which is easily refunded through fuel saving. Moreover, since poor people often

buy fuel in very small quantities from retailers which can be very much more expensive

than buying larger amount from the whole sealers, the payback period of the stove can

even be shorter than six months.

6.2.2.4. Information Dissemination for Market Development
Information dissemination is the main tool for the development of new technologies.

Based on the socio-economic status of the society, it could be disseminated through

communal communication, and advertisement. The Mirt stove promotion have been

made by the project office (GTZ) and concerned energy sectors governmental

organizations such as the Oromia Water, Mineral and Energy Resources Development

Bureau and the Woreda Agricultural Office, through mass-media, leaf lets, posters;

market demonstration and advocacy on meetings. Market demonstrations were made by

producers and energy department of the former Oromia Water, Mines and Energy

Resources Development Bureau. Advocations on meetings have been made by the

Woreda Agricultural Office while the rest advertisement activities have been carried out

by GTZ

The non-users of the stove have been asked if they have know about Mirt stove and if so,

how they knew (observation at markets and at friends or relative houses, advertisement,

etc). Accordingly, the majority of the non-users of the sample households (72.2% of the

urban and 95.5% of the rural areas) responded that they do have enough information

about the stove, (annex 3.3).

Those who do have awareness about Mirt stove were asked what their first source of

information was from. From their response it was observed that the main source for the

first source of information for the awareness of non-users was through seeing and hearing

the advantage of the stove at relative or friends houses. The second main sources of

information were market demonstration and advocating the stove on meetings for rural

areas and market observation for the urban area.
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The users of the stove were also asked for their first source of information to see which

methods of promotion were effective in encouraging people to buy. The response

indicated that 75% of the urban and 42.8% of the rural areas purchased the stove after

seeing or hearing from friends or relative. The primary source of information in the rural

area is demonstration on the market places (annex3.4). Actually demonstrations are very

effective promotional tools. People see the stove working and can satisfy any doubts

they have. Demonstrations at markets are particularly valuable since people there tend to

have money to spend. Demonstrations at markets are also an effective way of training for

users on how to get the best out of their new stove, and help to hear any problems they

may be having with their stoves, from other users. In general the results concerning

awareness creation for non users and purchase by users show that information from

friends and relatives play a major role.

The samples households of those who have information about the stove but have not

purchased the stove were asked the reasons for not having the stove. According to their

responses the main reasons are lack of kitchen or shortage of rooms and high price of the

stove in urban areas, and unavailability of the stove in the rural areas (table 13).

Table13 reason given by non- users for not having Mirt stove
Reason for not have Mirt
stove

Urban Rural Total
No
.hh %

No.
hh %

No.
hh %

Expensive 5 38.5 5 23.8 10 29.4
Lack of kitchen 6 46.2 4 19.0 10 29.4
Unavailability of the stove
in the surrounding 9 42.9 9 23.7

Other 2 15.3 3 14.3 5 14.7
Group Total 13 100. 21 100. 34 100

The main reason for the unavailability of the stove in rural area was the ineffectiveness of

responsible organizations of the study area. The responsible body for the improved stove

dissemination, the home agents’ team of the woreda agricultural office, is given less

concern by the office. It has an acute shortage of man power, budget and logistics and
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therefore it is not in a position to properly disseminate the stove in rural areas. Moreover,

energy related activities are fragmented among different sectoral Ministries and agencies.

This leads to less concern and overlap in responsibilities even at national levels.

In promoting the improved stove, the stove users must be informed about the main

advantages of the improved stoves over traditional stoves. The Mirt stove users have

been asked if they have seen significant differences between three stones stove and Mirt

stove. Fourteen out of the sixteen urban and all of the rural sample households said that

they have observed significant differences. The responses of the sample households

based on the factors affecting the preferences of stoves are displayed in table 14.

Table 14 users view in advantage comparison between Mirt stove and three stones

Advantages

Urban Rural Total
Mirt 3-stones Equal Mirt 3-stones Equal Mirt 3-stones Equal
No % No % No % No % No % No % No % No % No %

Less price 1 7.1 12 92.3 6 42.9 8 57.1 7 25.9 20 74.1
Durability 14 100 - - - - 14 100 - - - - 28 100 - - - -
Fuel saving 14 100 - - - - 14 100 - - - - 28 100 - - - -
Smoke less ness 14 100 - - - - 14 100 - - - - 28 100 - - - -
Speed 11 78.7 1 7.1 2 14.3 12 86 2 14.3 23 82.1 3 10.7 2 7.2
Convenience 14 100 - - - - 14 100 - - - - 28 100 - - - -
Aesthetic 14 100 - - - - 14 100 - - - - 28 100 - - - -

Households always aspire to have an improved way of cooking through speed,

convenience (comfort and ease of use), fuel saving, durability of the stove, price, health

(smoke lessness) and Aesthetics. As indicated in the above table the result of the survey

shows that sample households preferred Mirt stove over the three stones stove in all

factors except price. The preference of three stones stove due to a price factor is related

to the absence of an initial investment cost unlike Mirt stove. However, about 42.9% of

the rural sample households prefer the Mirt Stove even price wise. They argued that

Mitad is highly exposed to air when laid on three stones stove and therefore it is easily

cracked and becomes out of use and hence the replacement cost of the Mitad makes three

stones stove more costly than Mirt stove.
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6.2.2.5. Socio-Economic Factors Control the Dissemination of Mirt

Stove
Under this topic socio-economic factors such as family size, major occupation of the

family, average income and number of residential rooms, which are supposed to have

high influence on the dissemination of Mirt stoves are discussed.

a) Family size
In this study the size of a family is taken as those who live in the designated house. It was

observed that the range of the family size of the study area is very wide (1-18) as a result

it has been categorized in to 1-4, 5-8 and; 9 and above. Previous empirical studies

indicated that family size is one of the most determinants of fuel expenditure which is in

turn determines the type of stove frequently used. In this study an attempt has been made

to investigate the relationship between family size and Mirt stove ownership. As

indicated in table 15 those households which have a family size of nine and more are the

most Mirt stove users, both in rural and urban areas as compared to non-users of the stove.

Table15 family sizes and Mirt stove dissemination

Family
sizes

Urban Rural

User Non-user
Group Total do you use Mirt stove

Group
Total

No.hh %
Yes No No.

hh %No.
hh %

No.
hh %

No.
hh %

No.
hh %

1 - 4 5 38.5 8 61.5 13 100 2 50.0 2 50.0 4 100
5 - 8 8 44.4 10 55.6 18 100 7 30.4 16 69.6 23 100
9 and
above 3 100 3 100 5 55.6 4 44.4 9 100

b) Major Occupation of the Family

The occupational type could be taken as one of the factors for the adaptability of new

technologies. As the occupation for the majority of the people in rural areas is farming, it

is not incorporated in this paper, even though the data was gathered during the survey.

Hence it is only the occupations of urban dwellers that are taken into consideration. The

relationship between occupation of the family and Mirt stove ownership of the study area
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is shown in the table below.

Table16 major occupation of the household and Mirt stove dissemination

Major occupation

Urban

User Non-user Group Total
No % No % No %

Governmental
Employee 7 58.3 5 41.7 12 100

Non Governmental
Employee 1 50.0 1 50.0 2 100

Private Employee - - 3 100 3 100
Trader 2 50.0 2 50.0 4 100
Gastronomy 2 50.0 2 50.0 4 100
Cottage industry 1 100 - - 1 100
Daily Laborer 1 100 - - 1 100
Pension 2 33.3 4 66.7 6 100
Other - - 1 100 1 100

As it is seen from the table, workers of cottage industry, daily laborers and governmental

employees are the most users of Mirt stove.

C) Household Monthly Income
In this study attempts have been made to relate the monthly income of sample households

with Mirt stove dissemination. As indicated in table17 households whose monthly

income of 501-2000 birr in urban and 501-1000 birr in rural areas are the major users of

Mirt Stoves as compared to the same income of non-users. This could be due to the fact

that rich people are the first users of new technologies as they can easily afford the initial

cost of the technology and are ready to bear the risk of technical failure of new

technologies

Table17 monthly income of the household and Mirt stove dissemination
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Monthly income

Urban Rural

User Non-user

Group
total

User Non-user
Group
total

No % No % No % No % No % No %
Below 50 birr 1 100 1 100
51 - 100 birr 2 66.7 1 33.3 3 100 2 100 2 100
101 - 200 birr 5 45.5 6 54.5 11 100 2 25.0 6 75.0 8 100
201 - 500 birr 3 27.3 8 72.7 11 100 3 30.0 7 70.0 10 100
501 - 1000 birr 3 75.0 1 25 4 100 9 60.0 6 30.0 15 100
1000 - 2000 birr 3 100 3 100 1 100 1 100
Over 2000 birr 1 100 1 100 1 100

D) Number of Residential Rooms
In this study the number of residential rooms consists of all the rooms owned by the

household in the compound which are used for living, kitchen and animal keeping.

Unlike the three stones injera stove which can be used either indoor or outdoor whenever

the need arises and can be dismantled and placed else where after use, Mirt Stove needs

permanent and safe places. Based on this reality the survey has been carried to

investigate the relationship between the number of residential rooms possessed by the

household and Mirt stove ownership. The result of the survey is displayed in table 18.

The table shows that the most widely Mirt stove users are those households that have

residential rooms about four and above as compared to the non-user of the stove.

Table 18 number of residential rooms and Mirt stove dissemination

Number of
rooms

Urban Rural

User Non-user
Group
Total User Non-user

Group
Total

No % No % No % No % No % No %
One 1 16.7 5 83.3 6 100 - - 1 100 1 100
Two 7 53.8 6 46.2 13 100 - - 8 100 8 100
Three 2 28.6 5 71.4 7 100 3 25.0 9 75 12 100
Four 2 100 - - 2 100 5 62.5 3 37.5 8 100
Five & above 4 66.7 2 33.3 6 100 6 85.7 1 14.3 7 100

6.2.3 Fuel Consumption Pattern of the Study Area.
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In this section attempts have been made to discuss the fuel consumption pattern of the

study area for injera baking and for non-injera cooking activities.

6.2.3.1 Fuel Consumption Pattern of for Non-Injera Baking Activities.
Survey has been made to assess the fuel consumption pattern of the sampled households

in Debrezit town, based on the three most frequently used fuel types; Charcoal, Kerosene

and Electricity. The response of sample respondents described as follows.

A) Kerosene: - Kerosene was the most widely used fuel in the study area. 97% of the

sample households utilize kerosene mostly as the first option of cooking fuel. The survey

result indicated that 40.2% of kerosene users of the sample households consumed 1-5

liters, 56.7% consumed 10-20 liters and 3.1% consumed more than 20 liters monthly.

Concerning the source of purchasing, 95.9% of the users purchased from petroleum

station, 3.1% from retailers and 1% both from petroleum station and retailers (annex 3.5).

Survey carried by Rural Energy Development and Promotion Center indicates that

petroleum prices have risen by 300% since 1992 in Ethiopia. In 1992 Addis Ababa retail

prices for Kerosene, diesel and gasoline were Birr 0.65, Birr 0.79 and Birr 1.50 but it

have been grew to Birr 2, Birr 2.62 and Birr 4.30 per liter up to 2001(rural electrification

symposium 2002). Considering this sharp price rise of petroleum products questions

were forwarded to the users of sample householders if they changed their consumption as

a result of price increment. 96.9% of the respondents said that they have changed, while

the rest 3.1% have not. Measures taken by those have changed their consumption are

minimizing consumption, shifting to charcoals and shifting to traditional fuels.

Accordingly,28.8% of the affected users have tried to cope up the price increment by

minimizing consumption, 36.2% shifted to charcoal, 22.3% shifted to other traditional

fuel, 7.5% by minimized consumption and shifted to charcoal and 6.4% followed other

different mechanism (annex 3.6). Here one can see that more than 58% of the sample

households shifted their cooking fuel from kerosene to biomass fuel, which intensifies the

dependency of household’s energy on biomass. This again intensifies deforestation rate

which in turn accelerates environmental degradation through soil erosion and reduction in

productivity.
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B)Charcoal:- According to the survey result 83% of the sampled households use

charcoal and among that 75.6% consume one and below one bag while the rest 24.4%

consumes 1-2 bags per month (annex 3.7) .Even though there is a tendency to shift from

kerosene to charcoal ,still the amount of charcoal consumed in the study area seems low.

With regards to the source of supply, 48.2% of the users purchased the charcoal from

retailers, 41% from whole sellers and 10.8% from producers. Those who consumed one

or below one bag per month purchased from retails whereas whose their consumption are

1-2 bags per month purchased from whole sellers and producers (annex 3.8).

C) Electricity: - It has been observed that there were 30 sample households who utilize

electric energy for cooking purposes. In Ethiopia, electric energy has been supplied to

the customers with high subsidy for a long period of time. However, the government has

started to remove the subsidy through time. As a result the tariff for electric energy has

been grown from time to time in the last decade. In 1994 the tariff was 0.15 birr/kWh for

the consumption rate below 50kwh, but it grew to 0.27 birr/kWh up to 2000. Based on

this fact the sample households were asked if their consumption was affected due to tariff

change. They responded that 96.7% have been affected while the rest 3.3% have not.

The coping mechanisms that the affected groups have adopted are indicated in table 19.

Table19 measures taken to cope up electric tariff changed

Measures taken No .hh %

Minimized consumption 12 41.4

Shifted to charcoal 6 20.7

Shifted to traditional fuel 3 10.4

Shifted to Kerosene 6 20.7

Minimized consumption and shifted

to kerosene

1 3.4

Accepted as it is 1 3.4

As it can be seen from the table most of the users decided to minimize their consumption

to overcome the rise in electric tariff.
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6.2.3.2 Fuel Consumption Pattern of Households for Injera Baking
In this study efforts have been made to investigate the types of fuels consumed for injera

baking and the mode of their supply. The survey result indicated that both modern

(electricity) and traditional fuel (biomass) are used for injera baking in the study area.

Biomass fuels together represent 85.3% in urban and 100% in rural areas. Electricity is

limited only in urban area as there is no electric energy supply in the rural areas.

The composition of fuel use in urban and rural areas differs slightly. The composition of

urban household energy was 41.2% dung, 23.5% mix (wood & dung), 14.7% electricity,

11.8% sawdust and 8.8% wood. The composition of rural households was 88.9% dung,

5.6% BLT, 2.8/% sawdust and 2.8% mix (annex 3.9). In both rural and urban areas dung

contributes to the highest part of energy used for injera baking. This high dependence of

household energy on biomass fuel causes a negative impact on the environment

particularly on the ecological balance and on the local agricultural output.

Questions have been forwarded for biomass users concerning how they obtain their

biomass fuel. Their views are presented as follows. 100% of the rural and 3.4% of the

urban of the sample households said that they get their fuel from free collection where as

96.6% of the urban households said by purchasing (annex 3.10). The responsible family

members for collecting and gathering of the biomass fuel are mostly mothers.
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7. Conclusion and Recommendations
Energy is one of the most important basic commodities that determine the progress and

status as well as the well being of any society. A country’s socio-economy can not show

progressive development unless energy is explored, developed, distributed and utilized in

an efficient and appropriate way. Based on this facts experimental and field survey

methods have been employed in this study to investigate the thermal efficiency of

medium sized charcoal stoves available in the market, fuel efficiency of both charcoal

and injera baking biomass stoves and the fuel consumption pattern of the study area.

Experimental results indicated that there is a wide thermal efficiency gap among the

charcoal stoves. The most thermal efficient and also the best fuel saver is the Externally

Rectangular Lakech, whose PHU value is about 35% while the lowest thermal efficient

and the higher fuel consumer is Metal Square Stove that has a PHU value of 23%. The

potential fuel saving of Externally Rectangular Lakech Stove over the Metal Square is

about 39%. There is also thermal efficiency gap among the Lakech Stoves. The thermal

efficiency gap between the most efficient, Externally Rectangular Lakech and the lowest

thermal efficient, Lakech without pan seat is about 5 in percent. However, due to lack of

awareness, the community in the study area was not able to identify the difference

between various types of Lakech stoves in terms of thermal efficiency. They simply

consider any Lakech stove is a fuel saver. As a result the inefficient Lakech stove is

unfortunately widely distributed among the community. This has a negative impact on

the environment since the stove consumes more fuel than other Lakech stoves.

Concerning Injera baking stoves, Mirt stove has a better performance over three stones

stove. Fuel wood consumed with Mirt Stove per injera is about 140 gm while it is about

210 gm per injera with three stones stove. The difference in fuel wood consumption is

about 70gm per injera. With the average number of injera baked per session in the study

area which is about 32, a household can save 373 kg of fuel wood per year. From this

data, if Mirt stove is to be disseminated to 50% of the house holds in the study area which

is about 36625 in number, about 273.2 hectare of forest cover can be saved every year.
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Household survey was carried in order to assess the utilization frequency of non-injera

cooking stoves, preferences of house holds for various types of Lakech stoves, fuel

consumption pattern of the study area, Mirt stove production level and factors controlling

the dissemination of Mirt stove such as capacity of the producers, the economic benefit of

Mirt stove, promotion activities for market development and socio-economic factors of

households that control the dissemination of the stove. Accordingly the following

findings were obtained.

 Non injera cooking stoves ownership: - Urban households of the study area have

three to four types of non-injera cooking stoves. The most widely used stove is

kerosene stove which accounts to about 97% of the sample households followed by

Lakech stove that is used by 71% of the sample holds. This is mainly due to the low

price of kerosene as compared to charcoal and electricity in the past long years and

the better fuel efficiency of Lakech stove as compared to traditional charcoal stoves.

 Preferences of households for Lakech stoves: - Among the various types of

Lakech stoves, Lakech Without Pan Seat is widely used by the community. The

main reasons for their preferences are fuel saving and speed in the order of

importance. But the reason given by the society contradicts to the experimental

finding. Experimental results indicated that Lakech Without Pan Seat is the lowest

thermal efficient stove as compared to the others.

 Mirt stove dissemination level: - Ethiopian Energy Studies and Research Center

designed the stove in 1992. This was done in order to overcome the fuel

consumption problems associated with three stones stove. But the coverage of the

stove is very low in the study area. It is about 1.5% in the rural and 5.6% in the

urban areas.
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 Factors Controlling the Dissemination of Mirt Stove: - Some of the factors

controlling the dissemination of Mirt stove are briefly described as follows.

1. Producer Capacity: - GTZ has trained three local producers in the year 2001

in order to produce and disseminate the stove adequately in the study area.

However, they were working under capacity mainly due to shortage of money.

2. Economic Benefit of the Stove: - It has been observed that the stove has a

high economic benefit both for producers and customers. If a producer can

produce 1500 Mirt stoves per year which is the average production rate of one

producer according to the project coordinator, GTZ, the producer can get birr

30,713 net benefits per year. With regard to the customer, the stove can pay its

initial cost within six months through fuel saving. Thus the economic benefit

can be obtained after six months is the advantage of the customers.

3. Information Dissemination for Market Development: - Mirt stove

information has been well disseminated in the study area through communal

communication, market demonstration and different advertisement

mechanisms such as mass media, leaflets, posters etc, carried out by GTZ and

energy concerned governmental organizations. About 72.2% of the urban and

95.5% of the rural Mirt stove non-users of the sampled house holds have

adequate information about the stove. The main source of information for

awareness creation of non-users and purchasing for the users was information

obtained from friends and relatives. The main reason of not purchasing for

the non users was lack of proper kitchens in urban area and unavailability of

the stove in the rural areas. The main factor for unavailability of the stove in

rural is due to the less attention given to the energy sector by the Woreda

Agricultural Office that has a responsibility for the dissemination of improved

stoves.
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4. Household’s socio-economy: - In the study area, household’s socio-economic

factors that control the dissemination of Mirt stoves are family size, income

and the number of residential rooms.

 Fuel Consumption Pattern of the Study Area: - The most frequently used fuel

types for non-injera cooking activities in urban areas are kerosene, charcoal and

electricity. Kerosene has been the most widely used fuel type. But due to price

rising of kerosene and high electric tariff the people in the study area have started to

shift to biomass fuel which could intensify environmental problems. Concerning

injera baking, the most widely used fuel type both in the urban and in the rural areas

is dung which is supposed to be used for the restoration of soil fertility. This could

potentially lead to severe reduction in agricultural production.

In order to overcome the above mentioned environmental problems associated with

household energy utilization and to make the study more comprehensive the

researcher would like to recommend the following points.

1. Conducting Kitchen Performance Test: - Due to the shortage of money,

time and logistics, kitchen performance test has not been carried out in this

study. Only water boiling and controlled cooking tests were carried out.

After conducting the two tests, kitchen performance test should have been

carried out in order to assess the fuel efficiency of the stoves under normal

household conditions. Thus it is recommended that the test should be

conducted in order to get the real performance of the stove in fuel saving,

even though it requires longer time and high investment.

2. Standard and Quality Control: - From experimental result, it was observed

that Lakech stoves which are available in the market have a wide variation in

thermal efficiency and speed .This indicates that the standard of improved

stoves should be controlled. After investing huge amounts of money on
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improved stoves, projects should not be left to the producers alone. Follow up

and monitoring by concerned organizations has to be strengthened.

3. Further Scientific Work:- From experimental results it was observed that

the thermal efficiency of Lakech stoves ranges from 30-35% while the

thermal efficiency of Mirt stove is about 13%. These efficiencies are very low

as compared to Modern Stoves such as kerosene stoves and electric Mitad.

Therefore, the scientific community in the country and energy concerned

organizations need to do further work to improve the efficiency of the existing

improved stoves to safeguard the environment and improve the well being of

the people.

4. Promoting and Disseminating Biogas Plants and Thermal Solar

Technologies: - Biogas plants, solar cookers and solar water heaters are

environmentally friendly technologies. This is because; unlike woodstoves

they do not contribute to deforestation and have no smoke emission which is

hazardous to the health of the cooks. If soft loans are adjusted to the users to

overcome the high initial cost of biogas plants and the solar water heaters with

adequate promotion activities, the technologies can simply be adapted and

widely used by the society. Thus, wide promotion and dissemination activities

should be carried out by environmental and energy concerned organizations to

conserve the environment from alarming deforestation and to overcome the

acute household energy problems observed in the study area and also in the

country as well.

5. Establishing Strong Energy Sector Institutions: - One of the key factors

influencing the implementation and promotion of Energy Technology in

Ethiopia is the existing institutional infrastructure. The government Principal

Rural Energy Development Institutions, The Ethiopian Rural Energy

Development and Promotion Center and Regional Energy Bureaus have

weak capacity and so far have been unable to institute systematic and rigorous
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approaches in planning and implementing energy technologies. Moreover, the

Oromia Energy Department which has been restructured into different big

sectors (Water, Mineral and Agriculture), as the subordinate in the last

thirteen years, has no structure at the woreda level. Energy issues are treated

by a home agent team of the woredas Agricultural Office that treat the issue as

a secondary. They are also very weak in man power and resources. As a

result Mirt stove was not able to properly disseminate in the rural areas, even

though there was a high demand. Thus, strong energy institutions should be

established at all levels in order to implement appropriate energy technologies

to over come household energy problems.
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Appendices 1
Annex 1.1 TEST SHEET OF SIMPLE EFFICIENCY TESTS FOR CHARCOAL STOVES

DATE EXPERIMENT NO: STOVE
INITIAL VALUES:
STOVE CHARCOAL PAN/POT
Init.weight _______(g) moist. cont. _____ (%) weight _____ (g)

comb.value 29(MJ/kg) diameter ______(mm)
init. stock ______(g) height ______(mm)

ambient air temp. ____(C) init. charge ______(g) init.water ______(g)
init. temp. ______(C)

EXPERIMENT:
time

(min)

charcoal
stock
weight
(g)

charcoal
remain
weight
(g)

pan/pot
+water
weight
(g)

water
temp.

(C)
start ________ ________ ______ _____
begin boiling _______ _______ _____
end of high power =begin simmering _______ _______ ______ ______ _____
end simmering _______ _______ ______ ______ _____

REMARKS:

DATE EXPERIMENT NO: STOVE
INITIAL VALUES:
STOVE CHARCOAL PAN/POT
Init.weight _______(g) moist. cont. _____ (%) weight _____ (g)

comb.value 29(MJ/kg) diameter ______(mm)
init. stock ______(g) height ______(mm)

ambient air temp. ____(C) init. charge ______(g) init.water ______(g)
init. temp. ______(C)

EXPERIMENT:
time

(min)

charcoal
stock
weight
(g)

charcoal
remain
weight
(g)

pan/pot
+water
weight
(g)

water
temp.

(C)
start ________ ________ ______ _____
begin boiling _______ _______ _____
end of high power =begin simmering _______ _______ ______ ______ _____
end simmering _______ _______ ______ ______ _____

REMARKS:
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Annex1-2 DATA SHEET OF COTROLLED COOKING TEST OF INJERA

BAKING SYOVES

Cook’s name ____________ Test no _____________________

Stove type ________________ Date ______________________

Air condition_______________ Air temp. ________________C0

Type of fuel used _____________ Mitad thickness ___________

Mitad diam ________________

Initial Measurements
1.Wt. of the empty bucket___________

2. Wt. of batter added _______________

3.battter temperature_________________

4. Wt. of Sefed______________________(gm)

5. Wt of fuel supplied to the cook___________ (gm)

6. Moisture content of the fuel ________________(%)

7. Time that the fire is lit ___________________

8. Time first batter poured on the mitad ___________

Final Measurements
9. Time the last injera removed from the mitad _____________

10. Wt of the bucket with the remaining batter _____________(gm)

11.Wt. of remaining fuel ________________________________(gm)

12. Wt. of charcoal left in the stove ________________________(gm)

13. Wt. of injera and safed ________________________________(gm)

14. Total number of injera cooked __________________

Observation:
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Annex1-3 DATA SHEET OF COTROLLED COOKING TEST OF CHARCOAL

STOVES
DATE EXPERIMENT NO: STOVE
INITIAL VALUES:
STOVE CHARCOAL PAN/POT

Init.weight _______(g) moist. cont. _____ (%) weight _____ (g)
comb. Value 29(MJ/kg) diameter ______(mm)
init. Stock ______(g) height ______(mm)

Ambient air temp. ____(C) init. Charge ______(g) init.water ______(g)
Ignition time , sart_____ end___________ init. Temp. ______(C)

Basic Test Data Initial Measurement Final Measurements

Weight of pot +lid (empty) A)_______________ D)____(cooked food)

Weight of stove +charcoal B)________________ E) _____________

Time (ignition) C) ________________ F) ______________

Charcoal Stock

Time Amount

Remarks:

Item Time Quantity(gm)

Onion 107

water

Oil 121

Garlic 10

Pepper 30

Salt 17

Water(final) 1498

Shiro 118

Total 1890+
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Appendices 2

Annex2-1

Addis Ababa University

Environmental Science Program

Questionnaire for Lakech Stove Assessments
General Information: -

Questionnaire no _________

Date of interview____________________________

Name of interviewer__________________________

Name of respondent__________________________

Address: Woreda ___________ Kebele_______ H.no ___

Note that some questions could have more than one answer

I) Biography

1) Sex of the family head: a) male b) female

2) Educational background of the family:

2.1) Husband A) Illiterate B) Elementary School C) High School D) Certificate

E) Diploma F) Degree& Above

2.2) Wife A) Illiterate B) Elementary School C) High School D) Certificate

E) Diploma F) Degree & Above

3) Total No of family size________________

4) Major occupation of the family:

a)Governmental employee b) Non-governmental employee c) Private employee

d) Trader e) Farmer f) Gastronomy g) Cottage industry h) Daily laborer

i) Pension d) Other specify_____

5) Average income of the family (includes all the family members):

a) Below 50 birr b) 51-100 birr c) 101-200 birr d) 201-500 birr

e) 501-1000 birr f) 1000-2000 birr g) over 2000 birr
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II) Utilization of the stove
6) Do you use Lakech stove? a) Yes b) No

7) Which type of Lakech stove do you use?

a) Tizazu’s production b) Lakech with pot seat c) Lakech with out pot se

d) Externally rectangular shape,

8) What is the main reason for your preference of Q. no 7?

a) Fuel saving b) Price c) Aesthetic d) Speed e) Other specify__________

9) If you don not use Lakech stove, what is your main reason?

a) Too-expensive b) Slow in speed c) High fuel consumption

d) Do not use charcoal e) other, specify_____________

10) The most frequent stove(s) used by the family; put in rank.

No. Stove type Rank

1 Lakech

2 Metal Traditional

3 Metal improved

4 Electric

5 Kerosene stove

6 Three stone

11) From where do you obtain charcoal?

a) Charcoal retailers b) From charcoal whole sellers

c) From utilized fuel wood d) other, specify___________

12) How many bags of charcoal dose the family use per month?

a) 1 b) 2 c) 2-3 d) More than 3

13) How many liters of kerosene do you use per month?

a) Non b)1-5 c)10-20 d) More than 20

14) From where do you purchase kerosene?

a) Petrol station b) Retailers c) Other specify_____________

15) Has the price increment in kerosene affected your consumption?

a) Yes b) No.
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16) If your answer in Q. no. 15 is yes, what measures did you take to cope up?

a) Minimize consumption b) Shift to charcoal c) Shift to traditional fuel

d) a & b e) other specify_____________

17) Has the electric tariff change affected your electric consumption for cooking?

a) Yes b) No.

18) If your answer in Q. no. 17 is yes, what measures do you take to cope up?

a) Minimize consumption b) Shift to charcoal c) Shift to traditional fuel

d) Shift to Kerosene e) other specify_____________

General comment of the enumerator ___________________________________

_________________________________________________________________

_________________________________________________________________

Thank you for your cooperation
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Annex2-2

Addis Ababa University

Environmental Science Program

Questionnaire for Mirt Stove Assessments
General Information: -

Questionnaire no ______________________

Date of interview____________________________

Name of interviewer__________________________

Name of respondent__________________________

Address: Woreda ___Kebele_______ H.no ________

Note that some questions could have more than one answer

I) Biography

1) Sex of the family head: a) male b) female

2) Educational background of the family:

2.1) Husband a) illiterate b) elementary school c) high school

d) certificate e) Diploma f) Degree& above

2.2) Wife a) illiterate b) elementary school c) high school

d) certificate e) Diploma f) Degree& above

3) Total No of family size________________

4) Major occupation of the family:

a) Governmental employee b) non-governmental employee c) private employee

d) Trader e) Farmer f) Gastronomy g) Cottage industry

h) Daily laborer i) pension d) other specify_____

5) Average income of the family:

a) Below 50 birr b) 51-100 birr c) 101-200 birr d) 201-500 birr

e) 501-1000 birr f) 1000-2000 birr g) over 2000 birr

6) Number of rooms the family’s house have?

a) 1 b) 2 c) 3 d) 4 e) 5 and above

7) Do you use Mirt stove? a) Yes b) No
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II) Use Q No 8-20 for Mirt stove users only
8) What is your first source of information about Mirt stove?

a) Market b) Demonstration c) heard from friend of relative

d) Saw from neighbor, friends, etc

9) How did you get your Mirt stove?

a) Purchasing b) gift for demonstration & other purposes

c) Other; specify_____________

10) If you bought the stove, from where did you buy?

a) Market b) producer c) retailer d) local shop

11) How did you buy the stove?

a) Credit b) in cash

12) In your opinion the price of the stove for most of the people

a) Cheap b) fair c) expensive

13) How many km do you travel to buy the Mirt stove?

a) 1-2 b) 3-5 c) 6-10 d) 11-15 e) more than 15

14) Does the distance influence the dissemination of Mirt stove?

a) Yes b) No

15) If your answer in Q.14 is yes, why?

a) It is difficult to transport by human being b) It is difficult to transport by animals

c) Lack of transportation e) others, specify___________

16) Where did you install your Mirt stove?

a) Separate kitchen b) shared kitchen c) in the living room

d) Open air e) other, specify_________________________

17) If your answer in Q. no 16 is “in living room”, do you feel inconveniences due to

shortage of space of rooms? a) Yes b) No

18) Have you seen any significance differences between the Mirt stove and three stone?

stove? a) Yes b) No
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19) If your answer in Q. no 18 is yes, indicate your observation in front of the better

one, mark by (X)

Description Mirt stove Three-stone stove

Price

Durability

Fuel consumption

Smoke

Speed of cooking

Convenience

Aesthetic

20) Have you been visited by producer or experts of the responsible organizations?

a) Yes b) No

21) If your answer in Q. 34 is Yes, how many times?

a) Once b) Twice c) Three times d) Four and above times

III) Use Q No 21-27 for non- Mirt stove users only

22) Which type of Injera stove do you use?

a) Three stone b) traditional closed c) electric Mitad

d) Other, specify___________________

23) Do you know about Mirt stove?

a) Yes b) No

24) If the answer in Q.no. 24 is “Yes”, what was the source for your information?

a) Observation at markets or shops b) friends or relatives’ c) advertisement

d) Other, specify___________________

25) What is/are your reason(s) for not using?

a) Expensive b) Lack of kitchen/or shortage of rooms c) unavailability of

the stove in the surrounding e) lack of information d) other, specify_______

26) Has the distance influenced to use Mirt stove?

a) Yes b) No



100

27) How many km do you far from where Mirt stove produced (available)?

a) 1-2 b) 3-5 c) 5-10 d) 11-15 e) 16and above

IV) Fuel consumption and stove utilization of the family

28) How many Injera do you bake per session?

a) Below 10 b) 10-20 c) 21-30 d) 31-40 e) above 40

29) Do you bake Injera for commercial purpose?

a) Yes b) No

30) What type of fuel do you use mostly for Injera baking?

a) Wood b) dung c) BLT d) mix f) saw dust

g) Other; specify_____________

31) How do you obtain your Biomass fuel?

a) Collecting freely b) purchasing c) collecting & purchasing

d) Other, specify________________________

32) If you obtain the fuel wood by collecting freely, who usually collect it?

a) Wife b) children c) other family member

33) How many km do you travel to collect the fuel?

a) Below 2 b) 2-3 c) 4-5 d) 5-6 e) more than 6

34) If you obtain the wood fuel by purchasing, your expenditure per month is how much?

a) Below 20 birr b) 20-30 birr c) 31-40 birr d) 41-50 birr e) above 50 birr

35) Who is mostly doing the household cooking?

a) Wife b) waged cooker c) daughter d) other, specify________________

General comment of the enumerator

Thank you
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Annex2-3

Addis Ababa University

Environmental Science Program

Questionnaire for Mirt stove producers
1) Questionnaire no. _______ Interviewer name________________________

2) Name of respondent________________________________

3) Respondent address, woreda____________ Kebele H.no_________

4) Position of the respondent in the family

a) Husband b) wife

5) How did you get the skill?

a) Training b) trial and error c) from friends or relative

d) Other, specify______________________

6) When have you started this business________________________?

7) In Q. no 5, if the skill is obtained trough training, who was the trainer?

a) GTZ b) Oromia Mines & energy Bureau

8) What kind of training did you take?

a) Theoretical b) practical c) both theory & practice

9) Do you think that the training is sufficient for proper production of the stove

a) Yes b) No

10) If your answer in Q. no 8 is no what part is not fully given?

a) Theoretical background b) practical exercises

c) Both theoretical and practical aspects

11) From where did you get initial capital for your business?

a) Own saving b) GTZ c) Oromia Mines and Energy Bureau

d) Credit e) other, specify_____________________
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12) If your answer In Q. no 10 is either GTZ or Oromia Mines and Energy Bureau

specify the support

a) Rolling fund amount ___Birr

b) Raw materials types and amount______________

c) Moulds, amount ___________

d) other specify____________________

13) Besides of the stove, what is your income source (the income of husband and wife)?

a) Farming b) trade c) governmental employee d) other, specify_______

14) Which raw materials do you get easily?

a) Pumice b) sand c) cement

15) Which raw material(s) is/are challenging to you to get, specify the

reason_____________________________________________________

16) Who are your main clients? Order them in rank

Clients Ranking

Individuals

Private organization

Governmental organization

NGOs

17) What is the main source of information for your market?

a) Demonstration b) Mass media c) Observations from friends or relatives

d) Other, specify _________________________

18) Do you think that the information about the Mirt stove has been disseminate

a) Yes b) No

19) If your answer in Q. no 18 is “No”, what are the main causes? _____________

________________________________________________________________________

_______________________________________________________________________

20) If you do it with your full capacity, how much can you produce per day? _________

21) Are you producing with your full capacity? A) Yes b) No
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22) If your answer in Q. no.21 is “No”, what are the main reasons?

a) Lack of market b) Shortage of row materials c) other, specify_________________

23) Do you give guarantee for your production? a) Yes b) No

24) If your answer in Q. no 23 is yes, for how long?

a) 1yr b) 2yr c) 3yr

25) If your answer in Q. 24 is yes, the name of the organization_________________

how many times____________________

26) In which season do you get more market? ___________________________

27) Would you list the benefits you obtained from your production?

________________________________________________________________________

_________________________________________________

General comment the enumerator_____________________________________

Thank you.
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Appendics-3
Annex3.1 table of Distribution of Different Types of Lakech Stoves and Households’

Preferences.

Reasons for

Preferences

Stove Type

Total

Tizazu’s

Lakech

Lakech with

Pot/Pan seat

Lakech

Without pan

seat

Externally

Rectangular

Lakech

N0.hh % N0.hh % N0.hh % N0.hh % N0.hh %

Fuel Saving 9 75.0 7 58.3 30 90.9 8 57.1 54 76.1

Price - - 1 8.3 1 3.0 - - 2 2.8

Aesthetic 2 16.7 - - - - 1 7.1 3 4.2

Speed 1 8.3 3 25.0 2 6.1 2 14.3 8 11.3

Other - - 1 8.3 - - 3 21.4 4 5.6

Group total 12 100 12 100 33 100 14 100 71 100

Annex 3.3a Table of Non-Users Awareness’ About Mirt Stove

Do you know
about Mirt

Urban Rural Total
No .hh % No. hh % No .hh %

Yes 13 72.2 21 95.5 34 85.0
No 5 27.8 1 4.5 6 15.0
Group Total 18 100 22 100 40 100

Annex 3.3b Table of Information Sources of Mirt Stove Non- Users about the Stove

Source of information

Urban Rural total

No.hh %
No.
hh %

No.
hh %

Observations at markets or shops 3 23.1 2 9.5 5 14.7
Saw or heard from Friends or
relatives houses 7 53.8 13 57.1 20 58.8

Market demonstration and
promotion on meetings - - 5 23.8 5 14.7

Mass media Advertisements 1 7.7 1 4.8 2 5.9
Other 2 15.4 - - 2 5.9
Group Total 13 100 21 100 34 100
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Annex 3.2Table of Production figures and stove distribution in the study area.

No producers'name

Production years and dissemination Mirt stove in the study area.

2001 2001-2002 2002-2003 2003-2004 2004-2005 Total
July&August Sept-Agust Sept-Agust Sept-Agust Sept-Agust

pr0pr0
DOSA

pr0
DOSA

pr0
DOSA

pr0
DOSA

pr0
DOSA

rural town rural town rural town rural town rural town

1 Beyenech Kumsa 13 13 199 15 78 396 177 94 188 23 17 25 7 3 821

2 Addisu Geletu 35 35 230 57 152 284 85 168 250 78 148 88 44 40 887

3
Berihanu
H/Maryam 43 29 327 10 237 353 58 107 275 20 225 222 10 165 1220

Total 91 77 756 82 467 1033 320 369 713 121 390 335 61 208 2928

Where; DOSA is dissemination of the stove in the study area
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Annex 3.4 Table of, First Sources of Information for Mirt Stove Users

First source of information

Urban Rural Total
No.
hh %

No.
hh %

No.
hh %

Market 2 12.5 2 6.7
Demonstration and promotion conducted
at markets and meetings 2 12.5 8 57.1 10 33.3

Seeing or hearing from friends or
relatives 12 75.0 6 42.8 18 60.0

Group Total 16 100 14 100 30 100

Annex 3.5 Table of Supply Source of Kerosene

Kerosene in

Liter

Kerosene Source of Supply

TotalPetrol

Station Retailer

Petrol Station

and Retailer

No. hh % No. hh % No. hh % No. hh %

1-5 35 37.6 3 100 1 100 39 40.2

10-20 55 59.1 - - - - 55 56.7

More than 20 3 3.2 - - - - 3 3.1

Group Total 93 ~100 3 100 1 100 97 100

Annex 3.6 Tabl of Measures Taken to Cope up Kerosene Price Increment
Measures taken No. hh %

Minimized consumption 26 28.8

Shifted to charcoal 34 36.2

Shifted to traditional fuel 21 22.3

Minimized consumption and

shifted to charcoal

7 7.4

Other 6 6.4

Group Total 94 100
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Annex 3.7 Table of Charcoal Consumption Pattern of Sample households.

Amount of charcoal consumed per

month/hh (bag) No .hh %

Below or equal to one 62 75.6

One to Two 21 24.4

Total 83 100

Annex 3.8 Table of Source of Supply and Rate of Consumption of Charcoal.

Source of

Supply

Charcoal consumption per

household per month (bag)

TotalLess than or

equal to one

1-2

No.hh % No. hh % No. hh %

Retailers 36 58.06 4 19.05 40 48.2

Whole

Sellers

19 30.65 15 71.43 34 41.0

Producers 7 11.29 2 9.52 9 10.8

Group total 62 100.00 21 100.00 83 100.00

Annex 3.9 Table of types of fuels used for injera baking

Type of fuel
Urban Rural Total
No.hh % No.hh % No.hh %

Wood 3 8.8 - - 3 4.3
Dung 14 41.2 32 88.9 46 65.7
BLT - - 2 5.6 2 2.9
Mix 8 23.5 1 2.8 9 12.9
Saw Dust 4 11.8 1 2.8 5 7.1
electricity 5 14.7 - - 5 7.1
Group Total 34 100 36 100 65 100
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Annex 3.10 Table of Fuels Availability of Households

Availability of
biomass fuels

Urban Rural Total
No .
hh %

No .
hh %

No .
hh %

Collecting freely 1 3.4 36 100 37 56.9
Purchasing 28 96.6 - - 28 43.1
Group Total 29 100 36 100 65 100
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