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Abstract
One-third of the world’s population use traditional biomass for cooking, lighting and space
heating, use of these forms of energy is associated with environmental health and human health
impacts. Like in other developing countries, the energy sector of Ethiopia is dominated by biomass
fuels and the growing demands of energy of the economic sector has placed additional burden on
the already depleted forest resource. Local liquor (Areke) distillation is widely practicing
economic activity that exclusively depends on fuel wood for its preparation and processing. This
study aimed to assess the potential benefits of improved Areke distilling stoves with respect to the
indoor air quality and specific fuel consumption as well as the time taken for distillation. The
indoor concentration of two major pollutants, CO and PM2.5 were monitored using HOBO CO
loggers and UCB PM Monitors, respectively. The test were conducted in real kitchens where the
stoves perform the actual Areke distillation, whereas under controlled settings the possible efforts
are made to minimize the source of variability to 30- minutes and 15- minutes intervals
respectively to analyze the data. The CO and PM2.5 concentrations in room ensure that the stoves
were used in their best quality and minimized the air pollution. t- test and regression models were
applied to test the results of traditional stoves and improved stoves and comparison were done in
terms of the average (mean) concentration during the whole distillation time intervals and 30
minutes were considered for highest concentrations. The improved stoves have shown statistically
significant reduction in CO concentrations of 8.10% and 4.8ppm (p<0.05; n= 9) during complete
distillation time whereas PM2.5 concentration were reduced to 19.05% and 69.70ppm. The
improved stove have shown efficient reduction in highest concentration of CO and PM2.5 of 8.10%
and 19.05% (p< 0.05; n = 9) respectively in the 30-minutes time interval. The present study
indicates that the correlation between CO and PM2.5 were positive correlated and Pearson
correlation of traditional stoves and improved stoves conditions were 0.32 (p = 0.39; n = 9) and
0.35; n = 9) respectively. Controlled Cooking test results showed that the improved stove
significantly reduced the specific fuel consumption by 33.3% and 50.2% as well as reduction of
time taken for distillation was observed.
Key Words: Areke, CO, Distiland, Efficiency, PM.
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CHAPTER ONE
1. Introduction
1.1.

Background of the study

Currently Air pollution is a major factor responsible for environmental health and human health
impact and causing major health effects especially respiratory diseases. In general, it describes the
causes of pollutants, human effects and explains critical environmental effects of present time. Air
pollution is generally defined as the presence of one or more contaminants such as fumes, dusts,
gases, mist, dour, smoke, smog in considerable quantities and duration of which is injurious to
human, animal and plant life or which unreasonable interferes with the confortable enjoyment of
life and property. Humans and animals need clear air for good health and well-being.
Ambient air pollution is more polluted than overall atmosphere, due to high density of human
population and their activities in urban areas; it produces air pollutants with a higher rate as
compared to less-developed areas and natural environment (Ling et al. 2012) and high density of
developments contribute to the decrease of urban air quality.
The World Health Organization (WHO) stated that urban air pollution as a critical public health
problem, and more than 2 million premature deaths each year can be attributed to the effects of
urban outdoor air pollutant and indoor air pollutant (WHO, 2006). However, the consequences of
air pollution on public health are measured not only in terms of sickness and death, but also in
terms of lost productivity and missed educational and other human development opportunities
(UN, 2001).
The adverse health effects, such as respiratory morbidity, cardiovascular diseases and mortality
have created public awareness to the urban air pollution. American Lung Association (2013)
emphasized that ozone and particle pollution are the most widespread air pollutants and the most
dangerous. This is because particulate matter or particle pollution is a mix of very tiny solid and
liquid particles in the air we breathe daily, Indoor air quality in highly energy efficient buildings is
the main focus of the agenda but it is recognized that thermal, acoustical and visual environment
are also components of the indoor environmental quality (Frontczak et al., 2012). About 3 million
people in the world (more than 40% of global population) rely on traditional biomass for the
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purpose cooking and estimated 500 million households rely on kerosene and light (WHO, 2015).
Ambient air pollution has been identified as national problems since it is the fifth biggest cause of
mortality in Indian too (Mehta et.al 2011).
The effects on respiratory infections, indoor air pollution is estimated to cause disease between 1.6
and 2 billion per year in develop countries (Smith, 2000; Smith et al, 2004). In fact, today an
estimated 2.5 to 3 billion people and up to 90% of rural households in developing countries rely on
biomass fuels or in traditional way for households energy needs (World Resources Institute, 1998).
While the share of global energy from biomass fuels has decline with the spread of modern fuels
form 50%

in 1900 to approximately 13% in 2000, recent trends suggest that the usage of

traditional biomass fuels may actual be increasing among the poor population in developing
countries (WHO, 2000). Indoor air pollution remains a large global health threat, one half of the
world population and up to 95% in poor countries continues to rely on solid fuels, include biomass
fuels (wood, dung, agricultural residues) and coal, to meet their energy needs. Cooking and heating
with solids fuels on open fires or traditional stoves generates high level of health-damaging
pollutants, such as particulate matter (PM) and carbon monoxide (CO).
Air pollution is one of the leading risk factors in developing region of Africa. Africa is one of the
fast urbanizing country and more than half of its population is expected to live in polluted urban
areas by 2040. According to World Energy Outlook of International Energy Agency (2016)
outdoor air pollution is responsible for more than 210,000 premature deaths in Africa region and
this is only half the total diseases caused by Indoor Air Pollution. In efficient combustion results in
a complex and unstable mixture of Particulate Matter (PM), Carbon monoxide (CO), Hydrocarbon,
Nitrogen dioxide (NO2), and benzene that often greatly exceed the standards for Indoor Air
Pollution in developed countries such as those set by the U.S Environmental Protection Agency
(Schirnding et. al, 2002). Actual human exposure to indoor air pollution depends on varieties of
factors including household’s energy technology such as the existence of chimney and fuel stove
combination, house characteristics such as the room ventilation and behavioral determinants such
as the amount of time spent inside the house (Ezzate et.al, 2000). Cooking often exposes
individuals to high intensity, and occurring when fuels is added or removes the stove, the cook pot
is moved or food is stirred (Ezz ati and Kammen, 2002a). While few studies have measured human
exposure directly general evidence suggest that the populations, most likely to be exposed to these
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high level of indoor air pollution are women because of their greatly time spend cooking and
indoors and infants and young children, often remains near cooking with their action (Schirnding
et. al, 2002). As result of these populations are particular of risk for a variety of adverse effects
related to indoor pollution. So far thought substantial and consistent evidence of a causal
relationship exists only between indoor air pollution and Acute Respiratory Infection (ARI),
chronic bronchitis, and chronic pulmonary (Bruce et. al, 2000; Smith et. al, 2000; Schirnding et. al,
2002). Infant and Children death are therefore substantial health impacts attributable to indoor air
pollution.
In fact, Smith and Mehta (2000), estimates 1.8 million annual death results from global exposure
to indoor air pollution, with approximately one million due to ALRI in children under five years.
Because children mortality is substantial proportion of deaths, the global burden of disease
attributed to indoor air pollution is extremely high with 53 million disability-adjusted life year lose
annually (Smith and Mehat, 2000). Indoor air pollution caused of solid fuels or traditional cooking
stoves is a global health threat, particular for women and young children. The WHO (2002) health
Report estimates that indoor air pollution is responsible for 2.7% loss of disability life year world
wide and 3.7% high- morality in developing countries. Air pollution has wide range and
deleterious effect on human health and is a major issue for the global community. The global
burden of disease study has described the world wide impact of air pollutants with many as 3.1
million of 52.8 million all cause and all age deaths in the years 2010.
Households Air Pollution (HAP) also known as indoor air pollution is a series area of concerned
in rural spaces, as majority of this population continues to depends on traditional biomass for
cooking and space heating and depends on kerosene or other liquid fuels for lighting, all of which
are highly likely to lead to high level of household pollution). About 3 million people in the world
(more than 40% of global populations rely on traditional biomass for the purpose of cooking and
an estimated 500 million household rely on kerosene and similar for the purpose of lighting(WHO,
2015). Most medium and large cities around the global are afflicted with air pollution. According
to world Health Organization (WHO), air quality standard, air pollutants causes air quality
standards, In order to reduce heating or cooling (costs depends on which region they live), many
people try to make their home and office more air tight, which often leading in adequate
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circulation of the air and light levels of Indoor air pollution that could have adverse effects on
health.
Indoor air pollution is a particularly hazardous to elderly people and young children and can not
only lead to respiratory disease like asthma but also cause heart problems. Indoor air pollution: is
yet to be widely recognized issues and there has been very little scientific data about emission rates
from different appliance we use in home and office. There also hasn’t been adequate regulation on
indoor pollutants that would regulate the acceptable level of Indoor emissions. There needs to be
far more research about the indoor air quality because the effects of indoor air pollution on our
health mustn’t be over looked.
The World Health Organization (WHO) defines air pollution as limited to situations in which the
outer ambient atmosphere contains materials in concentrations which are harm to humans and the
environment is known as an air pollutant and air pollutants are expressed as a ppm or µg/m3 which
is subjected to change variations of temperature and pressure. Indoor air pollution is a serious
environmental problem causing acute respiratory illness (ARI). It hits the poorest the most,
particularly women and children. These stoves and woods by biomass, which is their major source
of energy for cooking, heating and lighting. About 95% of Ethiopia energy supply comes from
wood biomass, mainly fuel wood (77%), dung (8%), crop residues (9%) and charcoal (1%).
Electrification mainly for lighting is concentrated in the urban areas. Electrification of the rural is
increasing but still limited. Only about one household in every four (23%) has electricity, with a
very large disparity between urban and rural households (SCA, 2012).
Air pollution is a problem that related to the number of people living in an area and the kinds of
activities they engaged in and in a place where the population is low and their energy usage is also
low, the impact of people in creating pollution is minimal. However where the population is high,
the area urbanized and industrialized with high energy usage large quantities of pollutants are
released into the environment. The pollution of air indoors those results from the use of traditional
biomass lead to a serious and dangerous infections and diseases of respiratory system. Among the
common health impacts are infectious respiratory disease such as acute respiratory infections
(ARIs) and tuberculosis, chronic respiratory disease such as chronic bronchitis and lung cancer,
adverse pregnancy out comes such as still birth, blindness and Asthma (Smith et. al., 2000; UNDP,
2001; Boy et.al., 2002).
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1.2.

Statement of the problem

The fast growing population of Ethiopia and the corresponding rise in energy demand and the
traditional way of utilization of biomass resources has resulted in a range of negative
environmental impacts with both local and global consequences. In most regions of the country,
out of the top ten leading causes of hospital and health center morbidity, malaria and respiratory
biomass fuels calls for immediate and coordinated action to be taken by the stakeholdersgovernmental and non-governmental tract infection take the largest share (PHCC, 1966). The
problems widely imposed by the dependence on traditional organizations biomass and the
community at large.
Apart from the usual household energy requiring activities, namely cooking, lighting and space
heating. Areke distillation which is entirely depends on fuel wood from the processing to
production stages, exacerbates the pressure on the already depleted biomass resources. In addition
to the remarkable efforts made to improve the efficiency of cooking stoves, the GTZ-SUN project
has developed energy saving technology for Areke making. Testing the performance of new stoves
and comparing them with traditional stoves can improve in stove designs can be assessed and
success of an intervention effort be evaluated. In this study an attempt is made to assess the
potential of using improved Areke distilling stove in reducing indoor air pollution as well as fuel
wood consumption.
Due to their universal responsibility for most household activities, women and their children
(Albalak, Frisancho, and Keeler, 1999) on their back or lap while doing cooking are the most
affected. Study result indicate that women exposed to indoor smoke are three times more like to
suffer from Chronic Obstructive Pulmonary Diseases (COPD) such as chronic fuels (WHO, 2006).
In addition to the health problems associated with burning of fuel wood deteriorating of
environmental quality places burden on women’s time and labor. In Ethiopia the collection of fuel
wood done mostly by women and children and where there is scarcity of supply, people are forced
to go far from where they live and this take much of their time which could be used for other
pursuit that are associated with healthy benefits such as children care and other income generating
activities and this undermine their quality of life. In Ethiopia the daily fuel collection time ranges
from three to four hours (Dutta, 2005). Besides the negative effect of fuel wood gathering on
nutrition, fuel wood gathering exposes women for increasing risk of assault and natural hazards.
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1.3. Objective of the study
1.3.1. General Objective
The general objective of the study is to measure the efficiency of the wood-burning improved
Areke distilling stove and its impact on environmental and human health.

1.3.2. Specific objective


To measure the efficiency of using the improved stove in reducing indoor air
pollution with specific references to concentrations of Carbon Monoxide and
Suspended Particulate Matter in the working environment.



To examine the efficiency of improved Areke distilling stove in terms of their
specific fuel wood consumption.



To identify the health impact of improved Areke distilling stove.



To identifying of improved technique for distilling stove to minimize indoor air
semission.

1.4.

Research question
I.

What is the benefit of using the improved stove in reducing indoor air pollution
with specific reference to concentration of carbon monoxide and suspended
particulate matter in the working environment?

II.

To what extent the improved Areke distilling stove is efficient in terms of their
specific fuel wood consumption?

6|Page

CHAPTER TWO
2. Literature Review

2.1. Air pollution
Air pollution may be defined as any atmospheric condition in which substances are present at
concentrations high enough above their normal ambient levels to produce measurable effect on
man, animals, vegetation or materials and the release of chemical and particulates into the
atmosphere. Air pollution has particularly risen high up in many countries and sub- regional
political agenda. Although the key air pollutant sources vary among country, certain source types
are predominate in certain economics and sub- regions. Generally, key sources include the
industrial sector (thermal power stations, smelters, cement factories, chemical industries), transport
sector, forest fires, domestic fuel use and waste burning. Resultant emissions from those sources
have impacts on human health, ecosystems on which livelihoods depend, on materials and
infrastructure, climate change and biodiversity (UNEP, 2004).
More than 50% of the global population heavily relies on biomass fuel as a source of house hold
energy (Refuses et. al., 2006). Exposure to Indoor Air Pollution (IAP) from the combustion of
biomass fuel is affecting the lives of 3 million people worldwide WHO (2006). Furthermore,
diseases of the respiratory system, mainly acute respiratory infections and chronic obstructive lung
diseases are known to have indoor air pollution. The fact that indoor air pollution is associated
with acute respiratory infections was also demonstrated in Africa countries. These studies
consistently showed that proxies of indoor air pollution such as the use of biomass fuels and
traditional unvented stoves are related with indoor air pollution fires from the household energy
(mainly fire wood, charcoal and kerosene use) and land use sectors (including savannah, forest
clearing, agro wastes) are the most important greenhouse gas emission sources in Africa,
contributing about 4% to the global over all carbon dioxide budget (Kituyi,et.at, 2005).
Ethiopia is one of those countries which have a good deal of renewable energy potential in the
world. However, the total energy consumption of the country in 2000 was estimated to be 754 TJ
of which biomass contributed 95%, while petroleum and electricity takes 3.4% and 0.79%
respectively. The sectorial composition of energy was dominated by the household sector,
accounting 90% of the total (Genet et al., 2003). The other sector industries, services, transport and
7|Page

agriculture as a whole account only for the remaining 10%. However, energy accounts for 50% of
the total greenhouse gas emission in the country, because of the high dependence of transportation
on petroleum fuels and UN sustainable production of biomass (NMSA, 2001).
Like most of sub- Saharan Africa, homes in both urban and rural areas of Ethiopia and Madagascar
are reliant on traditional biomass fuels to meet their household energy needs. Studies in both
countries have shown extremely high levels of indoor Particulate Matter (PM) and Carbon
monoxide (CO) in these countries dependent households. Recent studies with bioethanol stoves in
these countries have shown that the opportunity exists to reduce the levels of these health
damaging pollutants to and below the ambitious target levels set by the WHO. The important of
this issue, social scientists have only recently become interested in indoor air pollution.
Pitt and Hassan (2006) observe that the most comprehensive review on economic studies on health
in the developing world (Strauss and Thomas, 1998) does not contain any reference to this
problem. Furthermore, much of the existing evidence on the consequences of indoor air pollution
presents series short comings, as it is largely based on observational studies and may confuse the
causal effects of indoor air pollution with the effects of the determinants to its exposure. Also
troubling we have very little evidence on the impacts of indoor air pollution exposure on economic
out comes, such as child school attendance and adult labor market productivity.
A household at lower levels of income and development tends to be at the bottom of the energy
ladder, using fuel that is cheap and locally available but not very clean nor efficient. According to
the World Health Organization, over Three billion people worldwide are at these lower rungs,
depending on biomass fuels, crop waste, dung, wood, leaves, and coal to meet their energy needs.
A disproportionate member of these individuals reside in Asia and Africa: 95% of the population
in Afghanistan uses fuels, 95% in chad, 87% in Ghana, 82% in India, 80% in china and so forth.
The contribution of households energy use to the regional global climate changes has been
elucidated. Bails et. al., (2005) and Bond (2004) Its shows that global warming impacts for
different households energy technologies and the consumption that makes to the global warming
effects whether all biomass burning-related carbon dioxide is sequestered by regenerating plants.
Consumption of 2.5 million tons of charcoal in 2000 in Kenya have contributed to a net Global
warming Impacts of 2.4 million tons of carbon in 20 years carbon dioxide equivalent units with
100% regeneration of trees or 5.1 million without any regeneration. Bails et al., (2005). World
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Health Organization was generous in the comparison of rates of outdoor air pollution of developed
countries and the indoor air pollution levels in developing countries. It concluded that there existed
a different of 10- 20 times WHO (1999) the implication of this conclusion is very relevant to
appreciate the very poor condition of living in developing countries like Ethiopia. General biomass
fuel is rich in emissions of pollutants in greater degree than cleaner types of fuels, hence enhancing
higher rates of exposure to indoor air pollutants. The national burden of disease attributable to
biomass fuel in Ethiopia is 2.5 more than the global average. WHO (2007) many Africa countries
share similar experiences. There is truth inches burden given the high extent use of biomass fuel in
households for various activities requiring heat energy. However, this subjective assumption does
not concretely guarantee the presses of exposure to indoor air pollution unless measurements are
taken. Nitrogen dioxide concentration for the assessment to indoor air pollution is not commonly
used in developing counters. Very few available data in developed countries indicated that average
nitrogen dioxide concentrations are within the limit of international and local standards Hagen
(Bjork et. al.,1996).
Indoor Air Pollution: - Naturally dry air is a mixture of 78% Nitrogen, 21% Oxygen, 0.03%
Carbon dioxide as well as Argon and other gases in trace concentration. Air is said to be polluted
when one or more of contaminants are present in sufficient amount for such duration as to affect
the physical well-being of people, animals, vegetation. Such a presence is measured as a
concentration either by volume (ppm-part per million) or by the mass of the pollutants present on
one unit volume of air (

⁄

-micro grams per cubic meter) (Gupta et al., 1998).

The air indoor, under certain circumstances, can be polluted to hazardous level. This happens when
polluted air leaks into the house or when cooking smoke or evaporation from volatile organic
compounds builds up inside a room.
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Table 1: Major sources of Indoor Air Pollutants

Type

Source

Particulates

Released from cooking or space heating specially from
wood smoke, tobacco smoke

Volatile organic compounds

Formaldehyde and other compounds released from
plywood, particle board, paneling, insulation material,
paint, varnishes, solvent, etc.

Radon

Rocks, soils, building materials

Carbon monoxide

Wood smoke, gas heaters, stoves

Source: Gupta (1998)

Indoor air pollution is `original` air pollution problem and it still exists (WHO & UNEP, 1990).
The inefficient burning of solid fuels on an open fire traditional stoves creates a dangerous
cocktails of hundreds of pollutants: such as carbon monoxide, soot, dust and particulates, nitrogen
oxides, hydrocarbons and many other health-damaging chemicals. The concentration of indoor
pollutants in households that burn traditional fuels is alarming.

2.2. The biomass burning process
For solid biomass to be converted in to useful heat energy it has to undergo combustion. Although
there are many different combustion technologies available, the principle of biomass combustion is
essentially the same for each. There are three main stages to the combustion process:
Drying: all biomass contains moisture, and this moisture has to be driven off before combustion
process takes place. The heat for drying is supplied by radiation from flames and from the stored
heat in the body of the stove.
Pyrolysis: the dry biomass is heated and when the temperature reaches between 2000C and 3500C
the volatile gases are released. These gases mix with oxygen and burn producing a yellow flame.
This process is self- sustaining as the heat from the burning gases is used to dry the fresh fuel and
releases volatile gases.
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Oxidation: at about 8000C the charcoal oxidizes or burns. Again oxygen required both at the fire
bed for the oxidation of the carbon and the second, above the fire bed where it mixes with carbon
monoxide to from carbon dioxide which is given off to the atmosphere.
In the process of combustion, the chemical energy in the fuel is converted in to heat and radiation.
For complete combustion to take place, sufficient supply of air for complete oxidation, sufficiently
high temperature for chemical reaction time kinetics, sufficiently long residence time at high
temperature) and sufficient mixing of fuel and air are basic requirements. The heat involved at
various stage of the burning process is different and because of this combustion is known as to be a
discontinuous process. Accordingly it can be classified in to three stages. In the first stage
(production of the first embers) and the third stage (cooling down phase) of the burning process,
due to lower processing heat, considerably more co is emitted. In the intermediate stage
(completely developed burning phase) emission of carbon dioxide reaches its highest value
(Usinger, 1996).

2.3. Emission from Household Stoves
The physical form of the fuels used and the contaminant content are the two characteristics that
can mostly affect the emission of pollutants when burned. With the proper stoves and fuel burning
practices, fuel wood as well as other biomass can be burned cleanly, producing mostly carbon
dioxide and water. However such as a condition is difficulty to achieve where low efficiency
stoves are used.
One of the condition that are required to facilitated a clean (complete) combustion of fuel is the
mixing of fuel with sufficient air. It is general difficult to premix solid fuels sufficiently with air to
have complete combustion of the fuels in household stones. When completely burned, wood and
other biomass fuels would produce little other than non-toxic products, carbon dioxide and water.
But according to what has been practiced, sometimes as much as one- fifth the fuel carbon is
diverted to products of in complete combustion. Typical biomass cook stoves convert six- twenty
present of fuel carbon to toxic substances (Smith et. al., 2000). The incomplete combustion of the
fuel produces a wide range of health damage pollutants such as carbon monoxide, particles,
Benzene, 1-3 Butadeine, Formaldehyde and dozens of other pollutants (UNDP, 2001).
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2.4. Health effects /impact/ of Indoor Air Emission
Air pollution can affect our healthy in many ways. Numerous scientific studies have linked air
pollution to a variety of healthy problems including: aggravation of respiratory and cardiovascular
disease; decreased lung function; increased frequency and severity of respiratory symptoms such
as difficult breathing and coughing; increased susceptibility to respiratory infections; effects on
nerve system including brain, such us IQ loss and impacts on learning, memory and behavior,
cancer and premature death .and in general air pollution effects:
A. On Humans:- The pollution causes not only physical disabilities but also psychological
and behavioral disorders in people. That includes: Reduce lung functioning, irritation of
eyes, nose, mouth and throat, Asthma, reduced energy levels, Disruption of endocrine,
reproductive and immune systems.
B. Effects on Animals:- Acid rain (formed in the air) destroys fish life in lakes and streams,
Excessive ultraviolet radiation coming from the sun through the ozone layer in the upper
atmosphere which is eroded by some air pollutants, may cause skin cancer in wild life and
ozone in the lower atmosphere may damage lung tissues of animals.
C. Effects on plants and Trees: - Acid rain can kill trees, destroy the leaves of plants, can
infiltrate soil by making it unsuitable for purposes of nutrition and habitation and Ozone in
the lower atmosphere can prevent plant respiration by blocking stomata(openings in leaves)
and negatively affecting plants, photosynthesis rates which will stunt plant growth; ozone
can also decay plant cells directly by entering stomata.
A large segment of population of the world’s households use unprocessed solid fuels (biomass and
coal) for energy sources for cooking ranging roughly from near zero in developed countries to
more than 80 percent in developing countries (Holden et al., 2000) and space heating in simple
devices that release /large amount of pollutants in the air. The world’s population is depend on
their local environment for energy sources as well as for the rest of their needs and where there is
unwise exploitation of natural resources; there happens environmental degradation followed by a
number of socio-economic problems.
In Ethiopia biomass fuels are the main sources of energy for household activities and following the
growth in economic sector, these fuels are being significantly used for small to large scale income
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generating activities. Since the early 1990s remarkable efforts have been made by both
governmental and non-governmental organizations to address the overall impacts of utilization of
biomass fuels one of which is the introduction of improved cooking stoves. Lakech charcoal stove
for non-injera cooking activities and Mirt and Gonzye injera stoves were developed by the
Ethiopian Rural Energy Development and Promotion center (EREDPC) and the promotion of the
stoves has been done by the GTZ-SUN Energy project.

2.5. The Impacts of Utilization Biomass
The inefficient use of biomass resource in developing countries has been linked to a multitude of
adverse environmental and human health impacts. The impacts associated with the households fuel
cycles relate to harvesting and combustion (UNDP, 2001).

2.5.1. Environmental Impacts
Depletion of forest resources: Deforestation has been an old-age activity of human kind
(Boahene, 1998). Humans depends on their natural environment to meet their needs and some
view it as an deforestation as something natural and beneficial component of economic
development and other view it as an implication of ever worsening resource base that hinder the
process of development (Allen and Barnes, 1985).The fuel wood harvesting has become one of the
factors that influence deforestation. In Africa the harvesting of fuel wood and poles by individuals
for domestic uses of dominate causes of deforestation associated with wood extraction (Geist and
Lamb, 2002). A though the link between fuel wood harvesting and deforestation are far from being
universal, there are localized case in which fuel wood demand contributes significantly to forest
depletion. In Ethiopia, the prolonged settlement and clearing of forest for agriculture expansion,
constructions and fuel wood to meet the growing demands of the fast growing population have
disturbed the ecological balance in many parts of the country. This has led to soil erosion,
deforestation and Land degradation threatening agriculture product and productivity (Getachew,
2002). According to Barber (1997) deforestation appears to be the major cause of human –induced
soil degradation in the developing countries and in Africa it accounts for 14% of erosion.
During the last century, the original forest covers of the counter that was once estimated to cover
35% of the lands has been declining in both size and quality. By the early 1950s high forest, were
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reduced to 16% of the land and about 2.7% in 1989 (EFAP, 1994). According to World Bank,
(1997) an estimated 163,000 ha of forest is deforested annually due to over –cutting for fuel wood,
overgrazing and agricultural expansion. The population of intensive fuel wood using counters is
increasing at a rate of 2 to 3% per annum (Twidell et. al., 1986), and where the demand for fuel
wood is not met, people restore to lower quality fuel such as crop residue and cow dung (Joshi et.
al., 1989; Crewe, 1992; WRI, 1998; WHO, 2002).The use of energy of these fuel for energy
deprives the soil of fertilizer further threatening agricultural production (UNCHS, 1990). The
world wide input of burning dung is estimated to reduce grain production by 20 million tons
annually due to loss of fertilizer capacity.
Contribution to global warming: Biomass resources are considered to one of the key renewable
energy resource of the future at both small and Large scale levels (Johansson et. al, 1992) and this
happens only when their exploitation and utilization is done on sustainable basis. The use of
biomass resource in an unsustainable manner contributes to the net emission of carbon dioxide and
other greenhouse gases to the atmosphere. Cutting of trees in turn reduce the sink for carbon
dioxide further enhancing global warming. It has been said that wood is a fuel that heats you
twice- once when you chop it and once again when you burn it. It also has the potential to heat you
third times as result of enhanced greenhouse warming due to the gases release by combustion
(Smith, 1994). According to Smith, (2000), as cited in UNDP, (2001), the burning of 1 kilogram
of wood (454 grams of carbon) releases 403 grams of CO2 3.8 grams of methane, carbon (86
grams of CO2 equivalent), other greenhouse gas carbon such as 37.5 grams of carbon dioxide (131
grams carbon dioxide equivalent) and also 0.018 grams of NO2 (69 grams of carbon dioxide
equivalent).It is estimated that biomass contributes to 20 to 50 % of global greenhouse emission
(Crutzen et. al., 1990).

2.6. Intervention to mitigate Indoor Air Pollution and environmental
degradation
In response to the socio-economic and environmental problems created by the inefficient use of
biomass fuels, both supply side and demand side interventions are being considered. The supply
side intervention aims at ensuring a systematic and sustainable supply of fuel wood from existing
forest, woodland and also having large plantation of fast-growing species (bioenergy feedstock) on
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the degraded lands to enhance the fuel wood supply and help the land to rehabilitate. Because of
the immaturity of the technology and its high cost, the likelihood of complete transition to
alternative energies of higher rung on energy ladder such as solar energy, winds energy,
hydropower, and biogas is beyond the reach of the poor communities of the developed nations as
well as the majority of the least developed nations like Ethiopia at least in the foreseeable future
(FAO, 1986).
In poor rural community where access to alternative fuels is very limited and biomass remains the
most practical fuel, demand side measures need to be taken aiming at enhancing the efficiency of
the households’ fuel wood-burning devices and reducing the fuel wood consumption per unit of
energy use.
Introducing improving stoves, provided by they are adequately designed, installed and maintained,
are believed to give immediate results as compared to plantation which takes a long time until they
become effective (FAO, 1986). Intervention to mitigate impacts of household on human health and
environment have a range of benefits, such as reducing levels of indoor air pollution and human
health exposure, increasing fuel efficiency reducing stress on local environment, reducing time
spent for collecting fuel, increasing opportunity for income generation, providing employment
opportunities for stove producers and improving the quality of the home environment and
condition of women.
Other supporting measures can also be suggesting to reduce exposure to the health damaging
pollutants such as improving ventilation of working and living area by having chimneys, smoke
hood, enlarged kitchen windows, properly maintaining stoves, changes in user behavior such as
drying fuel wood before use, separating kitchen from house, and keeping young children away
from source of smoke. As cost is often a significant barrier to successful dissemination of
improved stoves, intervention with the objectives of improving end-use technology and enabling
policies need to be put in place (UNEP 2006).
Efforts made to mitigate the impacts of the traditional biomass help to achieve the goals stated in
UN Millennium Development Goals: Reducing child mortality and improve maternal health by
reducing burden of disease caused by indoor air pollution; promote gender equality and empower
women and achieve universal primary education through saving the time spent by women for
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collection of fuel giving them time for education and other income generating activities that also
ensures eradicating poverty and extreme hunger; and ensure environmental sustainability through
efficient use of biomass resource(UNEP, 2006).

2.7.

Variables Affecting Emission Components and Rate

The principal factors affecting emission are related to the fuel, combustion condition and the
appliance or facility itself. These factors are to some degree interdependent. For each of these
factors there are elements of human interaction which will affect both the composition and rate of
emission (John et al., 1985). The factors can be summarized as combustion efficiency and the
system of efficiency of the stoves (Usinger, 1996).
Combustion efficiency represents the degree of complete combustion and is influenced by the fuel
quality and the combustion chamber characteristic of the stove. Indoor fuels are hydro carbon
based energy sources. The complex of hydrocarbon molecules and the physical state of the fuel–
gas, liquids, or solid will influences its combustion property. The easier the fuel can mix with air,
the better combustion it undergoes. The moisture content of a fuel which depends on the type of
the fuel, its origin and treatment before it is used as fuel also affects the burning conditions.
Emission rates and the constituents are directly influenced by combustion conditions. In the
oxygen lean conditions, poorer pyrolysis results in partially burning hydrocarbon components.
These conditions are characteristics of high carbon monoxide emission. The design, use and
maintenance of the combustion facility- the technical efficiency-greatly influence the emission
parameters. The stove efficiency is influenced by the materials, the constrictive perfection and
dimensions of the combustion chamber which are used to force heat transfer to the pot.
The system efficiency represents the efficiency of the system operation and it depends on the
system operators, capability to minimize the fuel consumption throughout the process. In
developing country’s households, daily average of pollutants level emitted indoors often exceed
current WHO guidelines and accepted levels (Table 2)

16 | P a g e

Table-2: Health affecting limits according to WHO Exposure Guidelines
Product

Concentration

Time Limit

100mg/m3

15 min

60 mg/m3

30 min

3

1 hour

10 mg/m3

8 hour

Formaldehyde

100µg/m3

30 min

Lead

1 µg/m3

1 year

400 µg/m3

1 hour

150 µg/m3

24 hour

200 µg/m3

1 hour

120 µg/m3

8 hour

500 µg/m3

10 min

350 µg/m3

1 hour

Sulfur dioxide

125 µg/m3

24 hour

Suspended particles

120 µg/m3

24 hour

Benzene

2.5 µg/m3

1 year

Carbon monoxide

Nitrogen dioxide

Ozone

30 mg/m

Source: Usinger, (1996)

2.8. Total Suspended Particulates (TSP)
Small particles (With an aerodynamic diameter of about up to 10 microns (PM10) are the most
widely used indicators of health hazards of indoor air pollution. Fine particles with aerodynamic
diameter up to 2.5 microns (PM2.5) are able to penetrate deep in to the lungs and appear to have the
greatest health- damaging potential (OMOE, 1999; WHO, 2006). Even though the précis
mechanism by which exposure to indoor air pollution translate in to disease is still unknown, it is
true that PM can cause inflammation of the air ways and lungs and impair the immune responses.
The inefficient burning of solid fuel is one of the sources of particulate in households using
biomass as sources of energy. For instance, typical 24 hours level of particulates in biomass
burning households in Asia, Latin America and Africa range from 300 to 3000 Ng/m3, peaks
during cooking may be as high as 1000Ng/m3 (Paddy et. al., 1989).

17 | P a g e

2.8.1. Carbon Monoxide (CO)
Carbon monoxides are a combustible, colorless, odorless, and highly toxic gas. It is a product of in
complete combustion of fossil fuel and biofuels. A process of combustion in presence of sufficient
air yields more carbon dioxides than carbon monoxides as a product. Thus the carbon dioxides
content (CO/CO2) represents a rate for the quality of combustion.
Once CO has been respired it gets to the blood through the lungs to preventing the reception of
oxygen. The Hemoglobin (HB) in the blood act as a two- way transportation system, carrying
oxygen (as Oxyhaemoglobin, O2HB) from the lungs to the cell of the body and carbon dioxides
from the cells to the lungs (as CO2Hb). With CO, it forms Carboxyl hemoglobin (COHB), at a rate
about 200 times greater than that with oxygen. Therefore, the presence of carbon monoxide leads
to COHB being formed rather than O2Hb leads to a shortage of oxygen in the blood stream. An
increasing concentration of COHB leads to nerve, psychomotor and brain dysfunction and a high
and continuous inhalation may leads to cardiac problem and death (Gupta, 1998).

2.8.2. Criteria for Evaluating Stove Performance
The performance of a stove determine whether a given intervention effort is adopted or not. In
order for a stove to be considered improved the minimum criteria it needs to fulfill is to meet the
user’s needs. Beyond this, stove should decrease the amount of fuel needed for a certain task and
make the house holds actives easier and enjoyable. The important criteria that are used for
evaluating stove performance are efficiency, specific fuel consumption; turn down ratio, speed of
cooking, user satisfactions and emissions.
Specific fuel consumption is the most useful criterion for determining how much fuel a stove is
likely to consume. Specific consumption represents the amount of fuel it takes to perform a
specific task. For instance, the amount of fuel consumed per kilogram of food cooked can be used
to express the specific fuel consumption of a given stove. Speed of cooking is specified as the time
it takes to boil or cook a given amount of food, general per liter. Cooking times is also the time a
cook spends near the stove and thus determines duration of exposure to indoor air pollution. This is
mostly a measure of user friendliness. Though, stove emission are mostly directly related to indoor
air pollution levels, health standards criteria and methods to assess emission are in the process of
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development. However there are standard procedures to assess the concentration of pollutants in
the working environment.

2.9. Stove Performance Tests
Several studies conducted to address the worldwide environmental and social costs of using
traditional fuel and stoves have resulted in proven strategies to reduce both fuel use and harmful
emissions. The most success fuel effort with regard to this is the development of improved stoves
After the designing and development an improved stove standard taste have to be conducted before
there dissemination . There are three commonly used protocols that are applied for testing the
performance of a stove: the water Boiling test (WBT), the controlled cooking test (CCT) and the
Kitchen performance test (KPT).
Water boiling test: This lab-based attempt to simulate the most common cooking models of a
stove while keeping other factors constant to make the results as comparable as possible between
different projects. This test is a simulation of the cooking process that can be performed on the
most stoves in use throughout the world and it is designed to be a simple method by which stoves
made in different places and for different cooking application maybe compared by a standardized
and replicable protocol. The test consists of three phases, each representing a particular cooking
situation: (1) Brining water to a boil with a cold stove (cold start. This is a high power phase where
the water is brought to the boiling- point; (2) Bringing water to boil with a hot stove (hot start); and
(3) simmering water with a hot stove (low power phase which is also called simmer test). The
results related to four of the performance criteria: efficiency, specific consumption, time to boil
and turn down ratio (the difference in fuel consumption per minute between high power and low
power). Stoves with a high turn down ratio are likely to use less fuel during a real- life cooking
task. This test offers a picture of stove performance that can be used during the design process that
the stove designers use the results to consider the necessary improvement for better performance if
needed.
Controlling Cooking test also known as Standard Metal Test. It is a lab- based test which
involves locals cooks preparing a local dish. Controlling variables limits comparability of results to
a given setting but provides important feedback as to the likely acceptability of a stove by local
users. The test involves standard cooking task or preparing the same local meal with the same
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quantities of food, ingredients and fuel to identify deviation in the specific wood consumption and
it is conducted in ways that minimize the influence of other factors and also allows for the test
conditions to be reproduced. The results related to specific consumption, speed of cooking and
user satisfaction.
Kitchen Performance Test:- This is most difficult and resource- intensive test. It consists of a
surrey and a fuel consumption test with families using both the traditional and the improved cook
stove. The test gives results of user satisfaction and per capita fuel consumption for a given stove.
As KPT is conducted in individual households there are many different variables that influence the
test and a large number of tests need to carried before and after the improved stoves are employed
so as to assures, statistical accuracy in the results (WHO, 2005). Because it occurs in the home of
stove users, carefully conducted KPT is the best way to understand the stove’s impacts on fuel use
and on more general household characteristics and behaviors (Lilly white; VITA, 1985).

2.10. Improved Efficiency of a stove
The efficiency of a stove is described in terms of its combustion and heat transfer efficiency. The
combustion efficiency is a measure of how well the fuel is burnt or the energy in the fuel is
converted in to heat and the heat transfer efficiency is a measure of how well the heat released by
the fuel reaches the pot. Smoke and harmful emission can be reduced by improving combustion
efficiency and fuel use can be reduced by improved heat transfer efficiency but these two factors
are independent of each other. As far as burning of the fuel is concentrated even an open fire is
often 90% efficiency at the work of turning the energy in the wood to heat. The difference lies in
how to get the heat to where it is intended to go. The overall efficiency of a stove is the product of
the efficiency and the heat transfer efficiency of the stove.
Improving combustion efficiency alone does not appreciable improve the overall efficiency but
working on heat transfer side of equation yields better result. A number of studies indicated that
the overall efficiency of a stove can be improved while the emission levels are still high and stoves
that are meant to have better efficiency do not necessarily reduce emission (Ahuja et al., 1987;
Smith, 1992; Nan gale, 1992). Therefore, to meet the environmental as well as human health
impacts stove designers should do their best to first clean up the fire (better combustion efficiency
as much energy in to the pot or griddles as possible (better heat transfer efficiency).
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2.11. Indoor Air Quality Monitoring Techniques
There are various principles for air pollution measuring techniques. However the choice of
monitoring techniques and equipment depends on analysis and monitoring conditions (Singer,
1996).
For instance, Area Monitoring principle is used in the cause of permanently installed monitoring;
personal Monitoring principle is used when individual exposure of a person at different locations
and times are to be measured; continuous or Real time Monitoring principle is used for continuous
monitoring with actual course of concentration; Active Sampling Monitoring principle is applied
where active waste gas collectors like vacuum pumps are necessary; passive sampling Monitoring
principles without active collection of waste gas; Time- weighted Average monitoring principle is
used when the mean obtained from the total of all measurement result are to be related to the
monitoring time and for determining maximum and minimum values of pollutants based on
separate and punctual monitoring, Grab or Spot Monitoring principle is applied. The monitoring
techniques may be used in combination according to necessity. Even though there are hundreds of
pollutants in wood smoke those which are commonly dealt with are carbon monoxides being
indicators of acute short term hazard and Total Suspended particulates being for chronic and long
term hazards. The equipment for measuring these pollutants is still excessively expensive.
The concentration of gaseous pollutants can be determined by two basic methods: using Gastec
color Dosimeter tube which makes chemical reaction of the test material with the chemical of
filling section. Individual pollutants need a particular reagent to be detected. These tubes function
in passive mode, where room air simply diffuses into the tube throughout the sampling periods and
the length of the color section in the tube that results from the chemical reaction between the
pollutant and the reagents is indicative for the pollutants concentration. Although this method is
easy to apply, it needs careful reading and as it is a tube for one time a long term repeated test will
be costly. The other method employs electrochemical sensors with direct instantaneous readout.
The HOBO (Home Owners Bargain Outlet or Home improving store) CO logger is an
electrochemical sensor that can be used to measure CO concentrations. It consists of
electrochemical cell inside which carbon monoxide is oxidized to carbon dioxide and generates a
proportional electrical signal. Solid Suspended Particulates in the breathing- zone air can be
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measured by Gravimetric (Pump and Filter) method where particulates quantities are determined
by the weight of the filter, and they can also be measured by optical (light scattering) method.
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CHAPTER THREE
3. METHODOLOGY
3.1 Study Site
The study was conducted in West Arise Worda administration in Kiltu Dima, 02 Kebele, Oromiya
regional state, Ethiopia. The location of study site is 230 km from South of Addis Ababa (Fig. 1)
and has an average population 2754 whereas male population is around 1390 and female
population 1364. Moreover, maximum populations of the study are depending on traditional areke
distillation, and have only one Improved Areke distillation stove in that area. The West Arise
Worda administration site has, been chosen for the present study because of widely usage of Areke
distillation practices has been observed and can find necessary sufficient distill and (the mixture of
Gesho (Botanical name Rhamnus Prinoides), Water and cereals. The site has also chosen by GTZSUN project where GTZ-SUN made an assessment of usage of traditional areke distillation stove
and installed an improved areke distillation stove.

Figure 1: Map of Arsi Negelle woreda
The two kitchens were selected in the study area Kiltu Dime, Kebele 02 for present study where
traditional areke distillation and improved distillation stoves were installed and named Kitchen-1
and Kitchen-2. The size of each kitchen was 2.7 x 4.7 x 2.5 m where 9 stoves of traditional and 9
stoves of improved areke distillation stoves installed in Kitchen-1 and Kitchen-2, respectively. The
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stoves installation was made according to guidelines of instrument placement protocol (CEIHD,
2005) and Indore Air Pollution emission were recorded.

3.2 Methods and Data collection:
3.2.1 Methods
Qualitative and quantitative data were collected through different approaches namely by interview,
focus group discussion, measurements from air pollutants analysis instruments and secondary data
sources (Fig. 2).
3.2.1.1 Pre data collection activities:
3.2.1.1.1 Identify and arrangement of stoves in the research area:

Number of users of traditional and improved areke distillation stoves was identified and
data were collected.
To install the stoves and to select the kitchens the following measures were taken:
 Appropriate methods/procedures were considered for experiment to control variation of
degree of ventilation for both types of stoves/kitchens.
 Appropriate measured quantity of wood fuel was used for each type of kitchens.
 The Areke distillation operator was appointed to assess and monitor the kitchens
(Appointing the practitioners).
 The same quality and quantity of raw material was used for both types of
stoves/kitchens
3.2.1.1.2: Instruments and Computer:
The IAP (Indoor Air Pollution) analysis device was selected to analyze PM and CO. HOBO
(Home owners Bargain Outlet Store or Home improving stove ) CO logger was used to analyzes
CO in the air and to detect Particulate Matter (PM) in the air UCB PM meter was used. The data
were recorded and saved in SD card present in HOBO CO logger and UCB PM meter and data
was upload in computer and analyses were done.
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3.2.1.2 Data collection/Sampling:
 Nine traditional areke distillation stoves and nine improved distillation stove were
installed in Kitchen-1 and Kitchen-2 respectively.
 Indoor Air Pollution analysis devices i.e., HOBO CO logger & UCB PM Meter to
analyze CO and PM respectively were used.
 IAP analysis devices were handled/controlled according to instruments guide lines
and data were recorded.
 Appropriate procedures were used for the experiment measuring instrument
 IAP data were recorded before, during and after distillation practices in kitchens.
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Figure 2: Flow chart of indoor air pollution test.
3.2.2 Indoor Air Quality monitoring:
Indoor Air Quality (IAQ) was assessed & monitored by continuous measurement of fine
Particulate Matter and Carbon monoxide concentration in the kitchens during distillation practiced
under study. HOBO CO logger for monitoring Carbon Monoxide and UCB PM Meter to analyze
Particulate Matter of 2.5 (PM2.5) were used, additionally temperature and relative humidity were
also recorded.
The HOBO CO loggers had three channels namely Channel-1, Channel-2 and Channel-3 for
different range of concentration of CO. The ranges covered by these channels are 0.2-124.3 parts
per million (ppm), 1- 497.1 ppm and 1-988 ppm, respectively. In this study the maximum value of
CO concentration did not exceed the 124.3 ppm level, therefore, only the reading of first channel
was used for analysis (Shannon et. al., 2005). However, the UCB PM Meter had two independent
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sensors, namely, ionization and photoelectric light scattering chambers for measurement of PM.
The Photoelectric (PE) sensor is most sensitive to particle sizes corresponding roughly to PM 2.5
(Litton et. al., 2004). Combustion-derived particles are nearly all in the lower size ranges, and the
PE sensor is expected to pick up most of the emissions and the data was reported as mass
concentrations in mg/m3.
Both HOBO CO logger and UCB PM Meter/Monitor contain data loggers that stored the minuteby-minute data over the entire measurement period in their memories these data are then
downloaded/uploaded into a personal computer after monitoring.
The analytical instruments were placed on the wall of the kitchens for the entire measuring period
using defined standards that 100 cm from the edge of the combustion zone, 140 cm above the floor
and more than 150 cm from the door (Picture-1). The two devices were kept in a relatively safe
location on the wall, to minimize the risk of interruption of normal kitchen activities being
disturbed or damaged.
UCB PM Monitor/Meter

HOBO CO logger

Picture-1: Indoor air pollution monitoring equipment
Areke Distillation Practices in West Arsi Worda in Kiltu Dime:
In Ethiopia, the usage of biomass for cooking is very high. In addition to this already existing
burden on the natural resource imposed by the use of traditional biomass for cooking, the
processing and production of alcoholic beverages such as local liquor (Areke), local beer (Tela),
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Korefe, Borda, Shameta and others making further risk on environment and human health. Among
the various local alcoholic drinks, “Areke” is well known in both urban and rural areas in Ethiopia
and the energy needed for its production and processing depends entirely on fuel wood. Areke is
produced through the process of distillation of mixture of “distil land” that composed of Gesho
(scientific name Rhamnus prinoides), water and cereals. The mixture of distil land is allowed to
ferment for five to six days before starting the distillation process. The homemade Areke liquors
are available in Ethiopia at lower prices than the brewage industrial liquors and majority of
consumers are low income population, however because of its lower price, taste and the quality of
liquor, the demand of locally produced areke liquor is high. Some of the towns in Ethiopia such as
Arsi of Oromiya region, Debre Markos and Debre Berhan of the Amahara region are well known
for their good quality and large scale Areke liquor productions. This helps the local population,
neighboring areas/towns’ markets including capital Addis Ababa in usage and income (Derese
2016).
In West Arsi Worda Kiltu Dima where the study was conducted, majority of households depend on
Areke for their livelihood. Hundreds of plastic containers of various sizes filled with Areke of
different quality are brought to the market every day. According to the Data recorded from the
municipality West Arise worda town, the city administration collects revenue of about half million
Birr (5,000,000 Birr) each year from Areke business alone. This amount accounts for the tax
collection from those who do the business at the formal market place.
The Areke industry has also created a remarkable job opportunity to the community of the areas as
well as for many from other regions. Many households in the study area and its surrounding
generate income from dairy products also. Although Areke production generates income for
majority of households in the study areas, the energy needed for its processing and distillation puts
huge burden on the environment. The energy consumption for the production is depends largely on
fuel woods that brought to the market transported by means of donkeys, carts, people and trucks
this indicates fuel wood demands in the area is high. According to the data collected from
municipality, in the month of July and August 2017, the city administration had earned 13, 000 birr
from the tax paid by the trucks owners who bring fuel wood from different places to the market of
study area (Picture-2). It is observed that, apart from fuel wood transported by non-vehicle
transportation like donkeys, carts and people, about 9 trucks with loading capacity of 10 cubic
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meters each, bring fuel wood of different varieties to the market of study area every day and more
than 7500 Birr per day is collected by City administration.

Picture-2: Fuel wood market in Arsi Negelle
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Description of the Areke Distilling Stove
The traditional Areke distilling stoves made up of mud with round shaped structure and are at least
three stones require supporting the pot to stand (Picture-3). The front part opened for combustion
of fuel wood. This releases more air pollution in the kitchens.

Picture-3: Traditional Areke Distillation Stove

Front view

Back side view of Improved Areke

Picture-4: Improved Areke distillation stoves
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3.2.3 Evaluation of Stove Performance:
The present study were performed to assess the efficiency of traditional and improved areke
distillation stove in terms of concentration of pollutants emissions in the kitchens and consumption
of fuel were also recorded, for this purpose the Control Cooking Test (CCT) procedures (Bailis,
2004) were applied. The comparison between the traditional and improved areke distillation stoves
was done; the performance of stoves, their specific fuel wood consumption and the time taken to
accomplish a given task were taken as criteria for evaluation.
Additionally information were collected like wood moisture by Wood Moisture Meter,
Weight/quantify of wood before and after distillation practices by Weight Balance, the leftover
char and the Areke distilled final product were measured and recorded; moreover, instruments like
timer/watch; thermometer; thermocouple sensor with digital thermometer for measuring ambient
temperature and temperature of the distil land; small Shovel to remove charcoal from the stoves;
metal tray to hold charcoal for weighing; Heat resistant gloves and sieve for screening the ash from
the charcoal were used.
At the end of the distillation process, the following important measurements were recorded for the
data collection from the starting to finishing time i.e., the weight of the leftover fuel wood, weight
of the charcoal, weight of ash and weight of the distillate (Areke distillation final product).
3.2.4 Data processing:
The Areke distillation process is a continuous process that takes place in consecutive phases for
total of 12 hours. The data measurements recorded by the Indoor Air Quality monitoring devices
i.e., HOBO CO logger & UCB PM Monitor/Meter were downloaded and stored in a computer
according to the procedures. During and after the distillation period, refilling of the pots with fresh
and final distilled product were done and the corresponding supply of more fuel wood
accomplished during the first 30 minutes time of distillation. In order to assess the exposure to
high levels of pollutant concentrations within short period of time, the 15 minute concentrations
were also considered.
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3.2.5 Data Analysis and Interpretation
Statistical analyses such as t-test and regression models were used to interpret the data.
 The Quantitative Data Analysis
The quantitative data was analyzed by using simple descriptive statistical Methods (frequency,
percentage, mean, figure and table) were used to summarize and to present the data by using
excel.
 The Qualitative Data Analysis
The qualitative data was collected and analyzed by key informant interview, focus group
discussion and use of analytical instruments and interpreted by using appropriate procedures.
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CHAPTER FOUR
4. RESULTS AND DISCUSSION
The distillation process stove includes a pot made of clay, a pot lid a condensation tube and a
collecting flask. The condensation tube connects the pot made up of dry bamboo and the collecting
flask has connected with cooling tube. The water in the tube cools the flask to maintain low
temperature region that facilitates condensation.
Areke distillation process is a long process that lasts for over 12 hours and care has to be taken
during the processing because of tendency of fire to catch, once the process starts the operator
needs to monitor and made necessary arrangements to necessary requirements for the production
and monitor and control the system is necessary that affects the quality of the product (alcohol
production efficiency and taste of the product). For cooking or distillation appropriate amount of
fuel wood is required during the process which crease large amount of indoor air pollution that
create environmental and human health problems.
During the whole areke distillation process the indoor air pollutants i.e., CO and PM2.5 were
recorded released by traditional and improved areke distillation stoves in the Kitchens (Table-3).
Table 3. Mean pollutant concentration during the whole distillation process by types of Areke
distillation stoves

Areke distillation
Stoves
Mean
CO concentration
(ppm)
PM2.5
concentration(mg/m3)

Traditional

58.0

Improved

53.2

Traditional

33.0

Improved

%reduction

mean
deference

t –score

8.10%

4.8

1.25

64.55%

21.3

5.5

11.7
n= 14

Table-3 summarizes the data recorded for mean pollutants concentration during the whole
distillation process by two different types of Areke distillation stove. Comparisons between
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Traditional and Improved areke distillation stoves were done. It is observed that improved stoves
reduce CO and PM by 8.1% and 64.55% respectively. CO concentration identified as insignificant
relatively due to ventilation set up of the room and poor efficiency of improved stove, but
significant reduction were also observed that means 8.1% reduction is not as significant as
expected because ventilation setup and the improved stove steel upgrade its efficiency.

Average CO Concentration emmision recorded from Traditional Areke
distillation stoves at 15 mins intervels
100
90
80

CO in (ppm)

70
60
50
40
30
20
10
0

Time in (Minutes)
Figure 3: CO emission from Traditional Areke distillation Stoves for 15 minutes whole distillation
time
Minimum CO emission concentration 29 ppm recorded during 12:59 – 1:13 and 1:29-1:44 time
intervals and maximum (90ppm) CO emission concentration recorded during 1:45-1:59 (fig 3).
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Average CO Concentration emmision recorded from Improved Areki
distillation stoves at 15 mins intervels
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Figure 4: CO emission from Improved Areke distillation Stoves for 15 minutes whole distillation
time
Minimum (31.4 ppm) CO emission concentration recorded at 7:11-7:25 time intervals and
maximum (100.6 and 98.6ppm) CO emission concentration recorded during 8:41- 8:55 and 8:56 8:10 respectively from improved areke distillation stoves (Fig 4).
Figure 3 and 4 is the data recorded for CO emission from traditional and improved areke
distillation stoves at 15 minutes intervals, respectively. It is observed that the emission of CO from
the improved areke distillation stove is less than traditional areke distillation stove, it is concluded
that improved areke distillation is environmentally good than traditional stove. And it is observed
that traditional Areke distillation stoves create more CO pollution than improved areke distillation
stoves.
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PM2.5 in (mg/m3)
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Average PM2.5 Concentration emmision recorded from Traditional
Areki distillation stoves at 15 mins intervels
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Figure 5: PM2.5 emission from Traditional Areke distillation Stoves for 15 minutes whole
distillation time
PM2.5 emission Minimum PM2.5 emission concentration that 4 mg/m3 was observed at 11:42 –
11:56 whereas maximum of 62 mg/m3 PM2.5 emission concentration was recorded at 2:31 – 2:46
and 2:47- 3:01 (Fig 5).
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Average PM2.5 Concentration emmision recorded from Improved
Areki distillation stoves at 15 mins intervels
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Figure 6: PM2.5 emission from Improved Areke distillation Stoves for 15 minutes whole distillation
time
Similarly (Fig 6) is PM2.5 emission concentration recorded from Improved Areke distillation
Stoves for 15 minutes whole distillation time. Minimum PM2.5 emission concentration that 0.5
mg/m3 was observed at 6:26 –6:40 whereas maximum of 47.1 mg/m3 PM2.5 emission concentration
was recorded at 7:56 – 8:10 time interval.
Figure 5 and 6 is the data recorded for PM2.5 emission from traditional and improved areke
distillation stoves at 15 minutes intervals respectively. Maximum PM2.5 Emission concentration
from traditional stove was 62 mg/m3 whereas 47 mg/m3 from improved stove. It is noted that
traditional stoves emitted PM2.5 is greater than improved areke distillation stoves.
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Table 4: CO and PM2.5 emission concentration at 30 minutes time intervals by different types of
stoves

CO
concentration (ppm)
PM2.5
concentration(mg/m3)

%reduction

Areke
distillation
stove

mean

Traditional
Improved

63.0
51

Traditional

33.0

Improved

10.0

mean
deference

t-score

19.05%

12

2.72

69.70%

22

5.06

n=7
Table 4 stated the information recorded for emission of CO and PM2.5 emission concentration at 30
minutes time intervals by different types of stoves i.e., traditional and improved areke distillation
stoves. Emission of CO from traditional areke distillation stove was average mean 63% and PM2.5
emission was 33%, whereas emission of CO from improved areke distillation stove was mean of
51% and PM2.5 emission was 10%; this showed that significant reduction in the emission with
improved areke distillation stove were recorded, however the overall percentage of reduction in
emission of CO was 19.05% and PM2.5 emission was 69.7%.

Average CO Concentration emmision recorded from Traditional Areki
distillation stoves at 30 mins intervels
CO in (ppm)
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Figure 7: CO emission from Traditional Areke distillation Stoves for 30 minutes whole distillation
time
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Maximum CO emission from traditional areke distillation stoves was observed as 87 ppm during
7:41-8:10 and 91 ppm during 8:41- 9:10 was recorded, whereas minimum of 38 ppm was observed
at 6:11 – 6:40 (Fig 7).
Average CO Concentration emmision recorded from Improved Areki
distillation stoves at 30 mins intervels
120

CO in( ppm)

100
80
60
40
20
0
5:40 - 6:10

6:11 - 6:40

6:41 - 7:10

7:11 - 7:40

7:41 - 8:10 8:11 - 8:40

8:41 - 9:10

Time in (minutes)

Figure 8: CO emission from Improved Areke distillation Stoves for 30minutes whole distillation
time
Similarly Maximum CO emission from improved areke distillation stoves was observed as 100
ppm during 8:41 – 9:10 was recorded, whereas minimum of 33 ppm was observed at 7:11 – 7:40
(fig 7). Comparison was done from the data of fig-7 and fig-8. Frequencies of maximum emission
concentration indicate that improved stove was very efficient.
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Average PM2.5 Concentration emmision recorded from Traditional
Areki distillation stoves at 30 mins intervels
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Figure 9: PM2.5 emission from Traditional Areke distillation Stoves for 30 minutes whole
distillation time

Fig 9 show data recorded for PM2.5 emission from Traditional Areke distillation Stoves at 30
minutes whole distillation time. Minimum PM2.5 emission concentration that 13 mg/m3 was
observed at 05:40 – 06:10 whereas maximum of 58 mg/m3 PM2.5 emission concentration was
recorded at 8:11 – 8:40 and 8:41- 9:10.
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Average PM2.5 Concentration emmision recorded from Improved Areki
distillation stoves at 30 mins intervels
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Figure 10: PM2.5 emission from Improved Areke distillation Stoves for 30 minutes whole
distillation time
Correspondingly, Fig 10 show data recorded for PM2.5 emission from improved Areke distillation
Stoves at 30 minutes whole distillation time. Minimum PM2.5 emission concentration that 1 mg/m3
was observed at 06:11 – 06:40 whereas maximum of 21 mg/m3 PM2.5 emission concentration was
recorded at 8:11 – 8:40. In comparison with traditional and improved areke distillation stoves at
every 30 minutes time intervals during whole distillation time showed maximum PM2.5 emmision
concentration is 58 mg/cm3 and 21 mg/cm3 respectively, this is noted that improved areke
distillation stoves emitted less PM2.5 than traditional stove.
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CO and PM2.5 emmision concentration graph for traditional stove during whole distillation
time:
CO and PM During Test -140
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Figure 11: Typical graph for CO (ppm), PM2.5 (mg/m3) for whole distillation time with traditional
areke distillation stove
Figure 11 show the data recorded for typical graph for CO (ppm), PM2.5 (mg/m3) for whole
distillation time with traditional areke distillation stove.
Minimum PM2.5 emission concentration that 38 mg/m3 was observed at 11: 51- 11:46 and 12: 16
whereas maximum of 115 mg/m3 PM2.5 emission concentration was recorded at 11: 44 – 11:47.and
also data recorded for CO(ppm) emission from Traditional Areke distillation Stoves at whole
distillation time. Minimum CO emission concentrations that 13.9 ppm was observed at 12: 30
whereas maximum of 60.4 ppm CO emission concentration was recorded at 12: 07- 12: 08 have
to end.
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CO and PM2.5 emmision concentration graph for Improved stove during whole distillation
time

CO and PM During Test -120
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Figure 12: Typical graph for CO (ppm), PM2.5 (mg/m3) for whole distillation time with improved
areke distillation stove

Figure12 show data recorded typical graph for CO (ppm), PM2.5 (mg/m3) for whole distillation
time with improve areke distillation stove
Minimum PM2.5 emission concentration that 19.2 mg/m3 was observed at 5:48- 5:51 and 6:016:22 whereas maximum of 95.6 mg/m3 PM2.5 emission concentration was recorded at 5:46 .and
also data recorded for CO (ppm)

emission from Improved Areke distillation Stoves at whole

distillation time. Minimum CO emission concentration that 0,58 ppm was observed at 12: 27
whereas maximum of 4.14 ppm CO emission concentration was recorded at 6:01- 6:06 have to
end. Figure11 and figure12 is the data recorded typical for CO (ppm), PM2.5 (mg/m3) for whole
distillation time with both improved and traditional areke distillation stoves. it is concluded that
improved areke distillation is environmentally good than traditional stove. And it is observed that
traditional Areke distillation stoves create more CO pollution than improved areke distillation
stoves.
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Further investigation was made to check the correlation between the CO and PM2.5 concentrations
during the whole distillation process from both traditional and improved areki distillation stoves.
Different studies have been conducted to check the possibility of collecting data of CO levels as a
proxy for PM2.5 levels. Similarly, study reported by Butcher et. al ., (1984) found that stoves with
a high CO emission implied high Total Suspended Pareticulate(TSP) emissions. However, Ahuja
et al., in 1987 did not find a consistant correlation between CO and TSP. Likewise, Neaher et al.,
(2001) reporded that the CO and PM2.5 are positively correlated i.e., ( R= 0.5 ; p= 0.17, n= 9) for
open fire situation and R = 0.9 ; p= 0.003, n= 9 for improve stoves circumstances and when the
data for both stoves are pooled to the correlation it is found to have strenthened R= 0.92; p<
0.0001, n= 18. The data obtained from the present study indicates that CO and PM2.5 have the
postive correlation for both traditional and improves stoves condition with person correlation of R
= 0.32 (p= 0.39; n= 9) and R= 0.35 (p= 0.35; n= 9), respecivly. It is also found that the correlation
was weak postive correlation and statistically significant .
The regression equations representing the correlation between CO and PM2.5 in this study were
PM2.5( mg/m3) = CO(ppm) 0.008 + 0.838 for traditioal stoves conditions and PM2.5(mg/m3) =
CO(ppm) x 0.007 +0.366 for improved stove conditions. When the data are pooled together the
correlation was strenthened with R= 0.93 (P<0.05; n= 18) obseved (Fig 13 & 14) and this
elucidated the limitations of the ability of CO as substitution for PM2.5 exposure and the present
study finding are supporting the data obtained by Treemer, 1997 and Neaher et al., 2001.
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Figure 13: CO & PM2.5 emission comparative graph of improved vs traditional stoves during 15 minutes interval of whole distillation
time
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Figure 14: CO & PM2.5 emission comparative graph of improved vs traditional stoves during 30 minutes interval of whole distillation
time
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Table 5: Traditional and improved areke distillation stoves performance tests
1.

CCT results: Improved

Test 1

Test 2

Test 3

Mean

Total weight of food G
cooked
Weight of char remaining
G

70200

69994

71362

70518.7

Std.
Dev
602.2

560

370

450

460

77.9

Equivalent
dry
wood G
consumed
Specific fuel consumption g/kg

35474

36360

35942

35925.3

361.9

1108

960

1030

1032.7

60.5

min

360

380

340

360

16.3

units

Test 1

Test 2

Test 3

Mean

St Dev

Total weight of food G
cooked
Weight of char remaining
G

71400

70640

71970

71336.7

544.8

460

380

500

446.7

49.9

Equivalent
dry
wood G
consumed
Specific fuel consumption g/kg

55260

53420

54120

54266.7

758.3

890

942

1040

957.3

62.2

720

710

740

723.3

12.5

% difference

T-test

Sig @ 95%

Total cooking time
2.

CCT results: traditional

Total cooking time

units

min

Comparison of Stove Trad. vs Imp.
Specific fuel consumption

g/kg

33.8%

-17.9

Significant

Total cooking time

min

50.2%

-23.18

Significant

To study the parameters wether the trational or improved stove has efficientcy or not the present
study also experimented and collected that data about “consumption of fuel” and “time taken”
(Table 5). The improved areke distillation stove fuel consumption reduced by 33.3% with total
cooking time by 50.2% and at 95% confidence level it is significant.
The analysis of the data obtained in this study revealed that the improved stoves were sifnificantly
and relatively better in reducing the concentration of CO and PM2.5 in the kitchens. Moreover, the
reduction by improved stoves of specfic fuel wood consumption was sigificant. Though the
improved stoves are good enough in reducing the enviromental pollution and found to have a
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significant contribution in an effort to mitgate the socio econmic impacts imposed on women and
children by traditional utilization of biomass resources and use of trational areke distillation stoves.
Areke distillation is whole day long process and the operator needs to contol the fire during
distillation process. The combution of fuel and process of distillation produces the environmental
pollution and create the impact on environmental and human health problems especially in women
and children.
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CHAPTER FIVE
5.

Conclusion and Recommendation

The purpose of the study was to assess the efficieny of improved local Areke distillation Stove to
measure indoor air pollution emission. The comparative study was made to check the emission of
air pollution from traditional and improved areke distillation stoves in the kitchens by both
Quantative and qualtative data. The data was collected during the areke distiallation process in
two different kitchens i.e, (kitchens of traditional and improved areke distillation stoves) with the
help of appropirate air pollution analysis devices, Carbonmonoxide (CO) and Patticulate Matter
(PM2.5) considered as two important air pollutants for this study. Furthermore, data was also
collected by employing focus group discussion and interview. The statistical analysis of data
included mean, mean difference, t-test, regression analysis, percentages were used to interpret
data. Basically as the study was targeted and designed to prove the following hypothathical
assumption:
 Whether wood-burning in improved Areke distilling stove is really efficient in reducing
environmental pollution & impact and reduces fuel consumption and time?
 Does it minimize the air pollutants in respect to human health impacts during areke
distillation?
The study focused on the potential of improved Areke stoves efficiency in redution of the
environmental and human impacts and utilization of biomass resources. It is concluded that, the
data collected during the study indicates significant reduction of pollutants were observed by
improved areke distillation stoves than the traditional areke distillation stoves. Additionally,
improved areke distillation stoves have high capacity of producing areke local liquor per day
through Areke distillation than traditional areke distillation stoves.
It is also concluded that Areke distillation process is a long process which needs careful tending of
fire and once the distillation process starts the operator has to be in the kitchen and control the
process, fire tendency and production process of areke distillation, this means operator has to
monitor the whole kitchen and production process to get the good quality and reduction of indoor
air pollution. The most common indoor air pollution that results from the use of traditional
biomass during the distillation process leads to series and dangerous health impacts, respiratory

49 | P a g e

disease such as acute respiratory infections, tuberculosis and chronic respiratory disease (lung
cancer, advers pregnancy outcomes such as still birth, blindness, asthma).
In general, it is concluded that improved stoves have advantege over traditional stove such as it
saves time, reduce pollution emission, improve kitchen and house enviroment, increases income
generating opportunities, increases fuel efficiency, provide employment opportunities and
relatively (less) smoke free kitchen than traditional Areke distillation stoves. It is recommended
that further investigation on improved stoves are needed such as a special cooking practice- Areke
distillation process etc. The investigation of improved areke distiallation stoves help to analyse and
identify the efficiency of production of areke distillation, efficient quality and quantify of areke
distillation liqor and efficiency in reducing the indoor air pollutants especially CO and PM 2.5. CO
emission concentration from improved areke distillation stove is 19.05% and PM2.5 69.7% which
indicate that, improved Areke distillation stoves have significanty high efficiency in reducing
indoor air pollutants like CO and PM2.5 than the traditional areke distillation stoves. It is
recomended that shifting the use of trational areke distillation stoves practice to use of improved
areke distillation stoves technology help in improving the production efficiency and quality of
areke liquor, moreover reduce the indoor air pollutants which effect the environmental and human
health especially women and childeren health.

Based on the data of this study, the following recommendations were made;
 Reseach on indoor air pollution help to understand the environment, environmental health and
human health impacts.
 Awarness of indoor air pollution needed to the society especially to women as the majority
women and children population are affecting by indoor air pollution.
 Spreading awarness about environmental pollution, especillay indoor air pollution and its
health impacts to the population whose livelihoods are dependent on the cutting down, selling
and use of fire woods.
 Encourag the people to use alternative fuel or electric system rather than using wood fuel and
biomass during Areke distillation process.
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