
i 

 

 

 

 

 

 

The Current Status of Traditional Biomass Energy 

Utilization and Its Alternative Renewable Energy 

Technology in the Amhara Region of Ethiopia 
 

 

 

 

 

 

Tsigie Simur Asres 

 

 

 

 

 

 

Master of Science Thesis 

KTH School of Industrial Engineering and Management 

Energy Technology EGI-2012-123MSC  EKV932 

Division of Heat and Power Technology  

SE-100 44 STOCKHOLM



i 

 

 

 

 

 Master of Science Thesis EGI-2012-123MSC EKV 932 

 

The Current Status of Traditional Biomass Energy 

Utilization and Its Alternative Renewable Energy 

Technology in the Amhara Region of Ethiopia 

 

   

  Tsigie Simur Asres 

Approved 

Date 

Examiner 

Pro. Torsten Fransson 

Supervisor 

Dr. Peter Hagström 

 Commissioner 

 

Contact person 

 

 

 

ABSTRACT 
 

This study was carried out in Woreta Zuria village, around Woraeta town, the capital of Fogera 

woreda with the objectives of evaluating of current status of traditional biomass energy 

utilization, assessment of biogas potential in the Amhara region and estimating the amount of 

biogas required to substitute the traditional biomass energy, including designing and description 

of a biogas plant. 

 

The major source of data for the analysis was the result of household survey conducted within 

Woreta Zuria village in which it was intended to be the beneficiary. The procedure employed in 

the survey was first that15 households were selected by systematic sampling method and primary 

data were collected by types and sources of energy for domestic use. Fuelwood and cattle dung 

cake were the most dominant traditional biomass fuel sources utilized by the households in the 

study area. For the average household with five members, fuelwood and dung cake consumption 

for cooking was 5.9 kg and 5.0 kg respectively while, the daily kerosene use was 0.13 liter.  

 

The intention of this study was to estimate the required biogas energy to replace the current use 

of the traditional biomass energy use. So, fresh dung was measured in each household for all 

normal sized sedentary adult cattle and it was found that daily average dung collected from 

single cattle was around 9 kg. In the household having 5 family members, the average overall 

energy consumed from all energy sources, including kerosene for lighting aggregates to 176.7 

MJ. The equivalent amount of biogas to replace this traditional energy use for the household was 

estimated to 1.73 m
3
n with daily input of 36 kg of fresh substrate (cow dung and human feces). 
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The biogas plant to produce the same amount of biogas was designed to be 6 m
3
 with a total 

construction cost of 12007 ETB. 

 

This study shows that installing a 6 m
3 

biogas plant will have fuel related savings of about 2197 

ETB per year, from both cooking and lighting fuel expenditures at household level. The annual 

bio-slurry produced per household from a 6 m
3
 volume biogas plant was estimated to be around 

26280 kg, which has a financial value of 1703 ETB fertilizer benefit. The annual financial health 

benefits due to clean energy and improved sanitation of the biogas plant was aggregated to 674 

ETB at the household level. In this study, the annual fuelwood, dung cake and kerosene saved 

was estimated to be 2154 kg, 1825 kg, and 47.43 liters respectively for the household. These 

savings can reduce 6.1 tons of CO2 emission and could save 0.36 ha of forest land that would 

have a total equivalent amount of 2795 ETB from carbon reduction and aforestation costs.  

 

The financial net present value of the biogas plant was 16201 ETB, while the economic net 

present value was 59951 ETB, which means that investing on the biogas plant would have higher 

return to the household than investing on the capital market.  
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1. INTRODUCTION  

1.1 Background 
 

Ethiopia is endowed with abundant renewable energy resources such as hydropower, geothermal 
and biomass. But it has not been able to develop and utilize many of these resources for optimal 
economic growth (EREDPC/MoRD, 2002). For instance, the country has a huge hydropower 
potential of about 45,000 MW (MME, 2010), but it has developed only less than 2.5% of the 
total potential (EEPCO, 2007). According to Asress (2002), less attention is given to improve the 
traditional energy production, supply and utilization; little or no attention provided to develop 
other renewable energy, technical know-how and trained man power.  
 

The Amhara region is one of the main regions of Ethiopia and lies between 90-140N and 360-
400E in the country’s northwest (Figure 1). The region covers an area of approximately 170,152 
km2, which is 11% of the total area of Ethiopia. According to the 2007 census, the region has 
population of 19.8 million; it comprises 26% of the country’s population. They speak Amharic, 
the working language of the federal authorities of Ethiopia, and dominate the country’s political 
and economic activities. About 90% of the Amhara region is rural and the people make their 
living through farming mostly in the Ethiopian high lands. Of the total area of the Amhara region 
(170,152 km2), cultivation and grazing land make up 30% each. The region is subdivided into 10 
Zones and theses Zones are further subdivided into more than 136 sub-regions which are known 
commonly in Ethiopia as ‘woredas’. Usually in Ethiopia, regions are subdivided into sub-regions 
called Zones (CSA, 2007). 
 
 
 
 
 
 
                      Amhara Region 
 
 
   
 
 
 
 
 
              
 
                
                             Figure 1: Map of the Amhara Region of Ethiopia (Wikipedia, 2010) 

 
The energy consumption of Ethiopia in general and the Amhara region in particular is 
predominantly based on biomass energy sources. About 94% of the country’s energy demand is 
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supplied from traditional biomass energy sources such as fuel wood, charcoal, branches, dung 
cakes and agricultural residues (IEA, 2004), while about 94% of the households of the Amhara 
region meets their principal energy demand only through fuelwood and dung (UNECA, 1996). 
 
The most common method of cooking with traditional biomass fuels throughout rural areas and 
most of the urban dwellers is open heating or three-stone fire, which typically transfers only 5-
10% of the fuels’ energy content into the cooking pot (Lul, 2002). This inefficient household 
biomass utilization results in a huge amount of energy loss during cooking and heating, and 
results in indoor air pollution and environmental degradation.    
 
Accordingly, Ethiopia has formulated energy resources and atmospheric pollution policies under 
Environmental Policy to promote the development of renewable energy sources and reduce the 
use of fossil energy resources and to reduce green gas emissions for ensuring sustainability and 
for protecting the environment (EPA, 1997). 
 
Biogas energy from animal waste is not utilized yet even though there is a high potential in the 
country. According to the Central Statistical Agency of Ethiopia, the total cattle population for 
the country is estimated to be about 49.3 million (CSA, 2009). Thus, this alternative source has 
the potential to minimize energy losses and the negative environmental impacts of the traditional 
biomass energy utilizations. Hence, it is clear that biogas technology is crucial especially in rural 
areas where it is difficult to connect with electric power grids. Therefore, this study focuses on 
the rural areas of the Amhara Region of Ethiopia.  
 

1.2 Statement of the Problem 
 
Energy is one of the basic inputs that determine the status and rate of development. This is 
clearly manifested by the amount of per capita energy consumption and type of dominant energy 
being utilized among countries in the world. Per capita energy consumption sharply rises with 
the level of development as experience indicates. Besides, while the least developed countries 
dominantly consume traditional fuels, the most developed countries dominantly utilize modern 
fuels. 
 
Despite the presence of considerable environmental friendly energy resources, the country 
excessively depends on traditional biomass energy which is inefficient in utilization. About 94% 
of the total national energy consumption is derived from traditional biomass fuel (fuelwood, 
charcoal, dung and crop residues) and only 4% is derived from commercial energy (mainly 
petroleum fuels and electricity) (EREDPC, 2004). 
 
Being one of the least developed countries, Ethiopia has, therefore, one of the lowest per capita 
energy consumption and is dominated by traditional source of energy. A more pressing problem, 
however, is not even the lowest level of per capita energy consumption and the dominance of 
traditional sources of energy. Rather it is the inability to use the biomass energy resources in a 
sustainable manner. For instance, owing to the uncontrolled depletion of the woody biomass and 
subsequent shortage of wood fuel, the increasing utilization of cow dung and crop residues as 
sources of energy aggravates the environmental problems and indoor air pollutions. According to 
Getachew (2002), the ever increasing demand of woody fuel and the inefficient household 
biomass energy utilization which results in a huge amount of energy loss during cooking and 
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heating are the main causes of subsequent degradation of woody biomass and environmental 
degradation in Ethiopia.   
       

In some parts (especially western Ethiopia), fuelwood is the main fuel source. However, in most 
parts of the Amhara Region, rural households use crop residues and animal dung as alternative 
energy sources. There are places also in the region where almost all tree cover is removed and all 
animal dung and woody cereal stalks produced are collected for energy purpose. Even there are 
parts of the region where animal dung is the only source of fuel (Bewket, 2005).  Despite the 
increasing scarcity of traditional biomass fuel particularly fuelwood, the majority of both urban 
and rural households of Ethiopia utilize the fuels in energy inefficient stoves, open three stone 
stoves. This is because of modern fuel devices are either unavailable or unaffordable sources of 
energy especially for the people of rural Ethiopia. This is also true for poor urban people of the 
country. Hence, with increasing of fuel wood, households are forced to increasingly rely on 
lower quality of combustible materials such as dung and crop residues. Even worse in areas 
experiencing shortage of grazing lands, most of the crop residues must be devoted for animal 
feeds (Gebreegziabher, 2007).   

  
The existence of high demand for traditional biomass fuel leads to health and environmental 
degradation problems, which has effects on agricultural productivity and poverty. This is a 
phenomenon in the Amhara Region of Ethiopian as biomass fuel consumption (fuel wood, and 
crop residues and animal dung) is the dominant fuel sources in the region. Therefore, issues 
relating to fuel choice and household energy transition are important from the energy efficiency, 
health and environmental standpoint of the region. Efforts at encouraging households to make 
substitutions that will result in more efficient energy use and less adverse environmental, social 
and health impacts should be motivated.  
 

1.3 Scope and Significant of the Study 
 

1.3.1 Scope of the Study 
 
The study was designed to assess the current status of the traditional biomass energy utilization 
in the rural Amhara Region of Ethiopia and studying biogas energy as an alternative renewable 
energy source to traditional biomass energy. The scope of the study also mainly comprises of the 
energy demand load of a single family with 5 members and designing of a biogas digester which 
produces equivalent amount of energy to the family. Moreover, the main components of the 
biogas digester are described and an economic analysis is performed as well.  
 

1.3.2 Significance of the Study 
 
For sustainable development to occur in rural Ethiopia, modern and improved energy services 
are required to encourage efficient, healthier and environmentally friendly conditions. Currently, 
electricity meets motive power demand, which is only accessible in the larger towns, and mostly 
by diesel engines in areas without the grid. Wood, charcoal and agricultural reduces provide 
thermal energy for almost all household activities in both towns and rural dwellers (Kebede, 
2001). However, the demand for modern energy services exists only in urban areas. Rural homes 
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are mostly made of mud and relatively low quality wood, because metal products are not 
affordable to rural people. The patterns of the houses’ alignment and construction in rural 
Ethiopia are neither suitable to use these services (e.g. electricity from the grid). 
 
Another economic challenge facing Ethiopia is the limited use of renewable energy technologies 
(RETs) to fulfill the energy demand of households and for income generation. Wolde-Ghiorgis, 
(2003) previously studied the technical and economic constraints limiting the wide use of RETs, 
especially for both household and income generating activities in Ethiopia. Assessments for 
provisions of modern energy services have been shown to depend on cost considerations. 
Electricity supplies from the centralized interconnected system are only reaching towns, 
administrative and major marketing centers. Installation and wiring accessories are also imported 
making them unaffordable to rural communities. However, the key limiting factors are lack of 
affordability and technological awareness. Except for weak and poor quality lighting with 
kerosene lamps, rural households have not benefited from modern energy supplies (e.g. 
electricity) for cooking and productive activities. So, for vast rural areas without electricity, the 
obvious options could have been promotions of alternative RETs for households and rural 
communities. 
 
The basis for the study arose from the need for clean and modern energy services, which are 
needed for sustainable development and improvement in socio-economic conditions in the rural 
areas. Despite the depletion of traditional biomass energy resources, there are many opportunities 
for obtaining clean and sustainable energy from biomass and animal wastes. Biogas offers an 
attractive option to replace unsustainable utilization of wood and charcoal. It is a local, 
renewable resource that addresses one of the basic needs of rural households, energy which 
supports decentralised access to household energy and its by-product – bio-slurry – enhances 
agricultural productivity and promotes organic farming, thus offering dual benefits. On the 
whole, it ensures environmental sustainability and its use as domestic fuel improves development 
conditions and opportunities for women and girls in relation with work load and time fuel 
collection.The fundamental objective of the study is thus to assess possibilities for improved 
energy services by harnessing one of the major but until now underutilized renewable energy 
resource in Ethiopia known as the biogas resource. 
 

 1.4 Objectives 
 

The main objective of this thesis work is to evaluate the current status of traditional biomass 
energy utilization and study the alternative renewable energy technology (biogas digester) in 
respect to financial, economical and environmental benefits in the rural Amhara region of 
Ethiopia. 

 

1.4.1 Specific Objectives 
 

• Study the current status of biomass energy utilization including efficiency and emission 
of specific pollutants. 

• Assess the potential of biogas in the Amhara Region as well as other main regions of 
Ethiopia. 
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• Estimation of the demand load of energy in the rural Amhara and designing of a sample 
biogas digester for cooking and heating, which satisfy the energy demand of the single 
household with 5 members. 

• The newly proposed renewable energy technology is evaluated with its benefits in respect 
to energy savings, environmental impact and health conditions. 

• Cost and sensitivity analysis of the biogas technology. 

1.5 Method of Attack 

• Literature review about current status of biomass energy utilization and identifying the 
main problems of traditional biomass energy utilization. 

• Literature review about the availability of the biogas energy potentials in different part of 
the Amhara region. Literature review on how biogas digester is designed in such a way 
that it may yield optimum output.  

• Analysis of demand load for the household.  

• Components description and sizing of the biogas digester system. 

• Performing economic analysis of the biogas energy system and comparison analysis of 
the designed energy systems with traditional energy systems regarding environmental and 
health benefits. 

2. LITERATURE REVIEW 
 

2.1 Energy Resource Potential and Consumption Pattern in Ethiopia 
 
Federal Democratic Republic of Ethiopia is a landlocked country situated in the Horn of Africa 
at 8.00 N, 38.00 E. Ethiopia is bordered by Eritrea to the north, Sudan to the west, Kenya to the 
south, Somalia to the east and Djibouti to the northeast. It has an area of 1.1 million km2 with an 
estimated population of over 79.2 million with an annual growth rate of 2.5% (CSA, 2007). Its 
capital is Addis Ababa (Wikipedia, 2009). The 2007 Population and Housing Census results 
show that among the 79.2 million inhabitants, 85% lived in the rural part of the country, which 
depends on the agrarian life style (Jargstorf, 2004a). The challenges in this country are enormous 
as most people struggle to survive on less than $2 a day (Wikipedia, 2012).  
 
Except for petroleum, which is wholly imported, Ethiopia is endowed with substantial energy 
resources for that include biomass, natural gas, hydro power, wind, solar, geothermal, coal and 
other energy sources. The main issues are the availability, the relative cost of these energies, the 
sustainability and the environmental acceptability when harnessed for different purposes.  
 
Ethiopia has an enormous potential for hydropower developments, next to Democratic Republics 
of Congo in Africa, with the generating capacity of about 45,000 MW from hydroelectric power. 
That is why Ethiopia is often referred to as the water tower of Africa. Although the country has 
abundant energy resources, its potential is not yet well developed due to lack of capacity and 
investment. For example only less than 2.5% of the total hydropower potential of the country is 
known to have been utilized so far (EEPCO, 2007). 
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2.1.1 Energy Resource Potential  
 
Hydropower: The hydro resource of the country is said to be of immense potential. The most 
promising hydropower development potential is found in the Blue Nile, Omo, and the Wabi 
Shebelle river basins of Ethiopia (MEDaC, 1999). The gross hydro potential of the country is 
estimated at 650 TWh/year (ENEC-CESEN, 1986). Out of this potential about 280 TWh/year 
and 161 TWh/year are believed to be technically and economically feasible respectively. 
 
Geothermal: This energy resource has proven reserve, which is extended from Danakil 
depression of Afar Region along the Rift Valley to the Kenyan border. About 700 MW potential 
exists from geothermal (the Lake District 170 MW, Southern Afar 120 MW, Central Afar 260  
MW and Danakil Depression 150 MW) (Acquater, 1996). Other sources further indicate that the 
estimate for exploitable geothermal energy can be as high as 3,000 MW in Ethiopia. 
(Amdeberhan, 2003) 
 
Biomass energy resources: The country’s natural forest which was estimated to have 40% before 
50 years (45 million hectares) of the total land area now covers less than 3% (3 million hectares) 
(EFAP. 1994).The total available woody biomass resources are estimated to be around 1,389 
million tons in terms of standing stock and about 26 million tons in terms of annual sustainable 
yield. The annual agricultural waste available for energy is about 736,895 TJ per year (ENEC-
CESEN, 1986). The recent studies also indicate that agricultural residues and dung together 
account for 15-20 million tons per year (MME, 2010). 
 
Solar Energy: Although Ethiopia is endowed with vast solar energy resources, these are not 
readily used. Because of its proximity to the equator, the country enjoys receiving adequate 
sunshine throughout the year. For Ethiopia as a whole, the average daily radiation reaching the 
ground is 5.2 kWh/m2. The minimum annual average radiation is estimated to be 4.5 kWh/m2 in 
July (The main rainy season) to a maximum of 6 kWh/m2 in February and March. The radiation 
reaching the ground, however, varies significantly from one area to another as well as from 
season to season (EEA, 2002). 
 
Wind Power: The wind energy potential of the country varies from place to place and from 
season to season, as the energy is absolutely seasonal and dependent on the velocity. In the 
western part of the country, the average wind speed at 10 m above ground level is 3.5 m/s. In the 
rift valley and eastern part of the country, the average values range between 3.5-5.5 m/s (Wolde-
Ghiorgis, 2004). From these wind speeds, an estimated power level of 65 W/m2 and 200 W/m2 
respectively can be obtained. In addition, an average wind speed of 6.7 m/s, at 10 m above 
ground level was observed in recent wind speed measurement carried out in the country. This 
justifies that there are locations which are suitable for an economic operation of wind speed 
turbines (Jargstorf, 2004a). 
 

Oil and Natural Gas: Exploration for oil and natural gas has been carried out to date. Recent sub 
surface drilling data confirmed that there is 253,000,000 tons of oil shale deposit at different 
places in the country (Wolela, 2004). There is also proven natural gas reserve deposits of 24.92 
billion m3, especially in the western part of the country (CIA World Facebook, 2009).  
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Coal: A number of coal deposit sites have been identified in certain parts of Ethiopia. The total 
coal deposits of the country is estimated about 178 million tons (Tibebe et al., 2003). The deposit 
quality varies from high quality to lignite category with low heating value, high ash content and 
low quality, but some of them can be exploited for households and industrial use as an 
alternative source of energy.  
 

2.1.2. Energy Consumption Patterns in Ethiopia     
    

2.1.2.1 General Overview of Ethiopian Energy Use 
 

Ethiopia’s energy consumption is predominantly based on biomass energy sources, with 95 % of 
its primary energy consumption coming from renewable energy sources. Ethiopia, theoretically, 
could be a country with a principally sustainable energy system, as many OECD countries are 
targeting at (IEA, 2004).  However, of this large renewable share, 94% is household fuel (fuel 
wood, agricultural residues, animal dung) used as non-commercial energy in rural and urban 
households (IEA, 2004). As a result, the overexploitation of the biomass resource in several 
regions of the country has already caused serious environmental destruction of soil erosion, top 
soil losses, reduced soil fertility and desertification.  
 
Recently, it became obvious from the ongoing activities in the country that future energy demand 
in Ethiopia will boost dramatically due to development of intensives as well as extensive 
agricultural activities and increased industrial needs. Looking in the detail view of energy 
consumption in Ethiopia; as it has been stated, more than 94% of the total primary energy 
consumption of Ethiopia is covered by direct combustion of biomass, the other 5% is from 
petroleum products which basically go to transportation purpose and the rest 1% is from 
electricity.  
 

As shown in Figure 2, the energy demand as well as the consumption in Ethiopia is growing very 
rapidly as much as almost doubling it in not more than four decades. However, the increase in 
energy consumption is shown only in the biomass energy sector which indirectly implies that 
there is excessive direct consumption of biomass. The use of oil and petroleum is almost constant 
through the recorded years. These scenarios clearly show that there is an extensive use of 
biomass which is directly related with one of the major threat of all developing countries, 
deforestation. Recent data from different sources indicate that the forest coverage of Ethiopia is 
decreasing in alarming rate (MONGABAY, 2010). 
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Figure 2: Total primary energy in Ethiopia (IEA, 2004) 

Compared to other less developed countries, provisions of modern energy services for socio-
economic development programs and income-generating activities in Ethiopia are noticeably 
deficient, particularly in rural areas. It has also been realized by concerned experts and 
authorities that energy is a fundamental input for improving the quality of life and for sustainable 
socio-economic development. Available literature shows that in Ethiopia, the focus has so far 
been on supplying modern energy services for the industrial and urban sectors whereas the rural 
settlements, accounting for about 85% of the total population, have been left to depend largely 
on traditional biomass energy sources (Figure 3). However, even in urban centers, access to 
modern energy is disproportionate because only Addis Ababa, the capital city, and other major 
urban towns have access to modern energy compared to other rural towns (Wolde-Ghiorgis, 
2004).  
 
The energy sector in Ethiopia is also one of the least developed in the world. For instance, 
according to the study conducted by Ethiopian Rural Energy Development and Promotion Center 
(EREDPC, 1999), before 10 years, the country’s annual energy consumption was estimated to be 
746,000 TJ. From this limited amount of energy, the rural households have taken 82% with the 
lion share of biomass energy which makes Ethiopia the third in the least of countries using 
traditional fuels (EIA, 2004). Thus, biomass energy sources in the form of biomass dominate 
Ethiopian energy statistics. This reflects significant dependency on traditional energy sources 
and low modern energy consumption. 
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Figure 3: Energy consumption (TJ) by sector and by source (EFEDPC, 1999) 

The Energy sector in Ethiopia is composed of three main sub-sectors: biomass, petroleum and 
electricity from hydro power. Even though the primary energy use in Ethiopia is alarmingly 
increasing, it is one of the lowest energy consumption in the world with the current amount per 
capita being 290 kg of oil equivalent (World Bank, 2010). As observed from the trend of per 
capita primary energy consumption (kg of oil equivalent per capita) of Ethiopia in Figure 4, the 
country has a long way to go in order to realize high reliable delivery of energy services to its 
enormous population. 
 

 
 
Figure 4: Primary energy use in kgoe per capita of Ethiopia and other selected countries. (The      

               World Bank, 2010) 

0

100000

200000

300000

400000

500000

600000

700000

Rural hh Urban hh Transport Industries Services Agriculture

(T
J)

Energy consumption of Ethiopia

Electricity

Pertoleum

Crop residue

Dung

Wood biomass & 

charcoal



 
 

10 

 

 

The energy sector in Ethiopia therefore needs to be addressed from many angles with particular 
emphasis on developing appropriate renewable technologies, increasing the supply/generation 
mix beyond hydro power, and expanding the delivery of modern energy services to a larger 
proportion of the population particularly in rural areas. 
 

2.1.2.2 Electricity Generation of Ethiopia 
 

The bulk of electricity in Ethiopia comes from hydro power with 99% of the total generated 3502 
GWh, while fossil fuel generation produces about 1% (IEA, 2007). Thus, Ethiopia’s energy 
generation capacity is highly dependent on climatic changes and droughts can significantly 
reduce the electricity generation capacity of the hydro powers. That is why the country faced 
severe generation shortages in the last two years and was forced to use power shifting 
programme throughout the country. The electricity sector is dominated by the Ethiopia Electric 
Power Corporation (EEPCO). However, there are other key players including municipalities, 
communities and the private sector (AFREPREN, 2001). 
 

Only approximately 15% of the population of Ethiopia has access to electricity and the 
government of Ethiopia has launched a universal electricity access program to be executed by 
Ethiopian Electric Power Corporation (EEPCO, 2006) with view to enhance the access to 50% 
by 2010. But according to the African Development Bank (AfDB) (July, 2010), the current 
electricity access of Ethiopia is far below what was planned, which is only 22%. So, it will be 
very difficult to reach the intended electricity coverage by the universal electricity access 
program of the country.  EEPCO also forecasted that the demand will increase in 12 years is 
more than fourfold with annual increase of 16% starting from the year 2006 (EEPCO, 2006). 
 
The chronological power generation share from 1971 to 2007 is shown in Figure 5. It is clearly 
seen from the figure that even though the country have a large hydropower potential, since 
planning and installation of hydropower takes too long duration and considering the fact that 
depending on one source, has high risks (lack of rain fall, climate change) which indicates that 
the need to diversify energy generation sources for increased energy security should be given 
attention. Increased adoption of renewable energy sources plays a major role in natural resources 
conservation and environmental protection. Thus, the development of energy sector on 
sustainable basis constitutes the principal challenge of promoting sustainable development in 
Ethiopia.   
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Figure 5: Power Generation Share in GWh (IEA, 2007) 

 

Looking at the power supply share among the reaching power of 3148 GWh, the share by 
different sectors can be summarized as 1085 GWh is consumed by residential buildings; 1230 
GWh is consumed by industries, while the rest of 788 GWh and 45 GWh go to commercial and 
public buildings and to others non specified sectors respectively (IEA, 2007). 
As shown in Figure 6, per-capita electrical energy consumption of Ethiopia is one of the least 
consuming countries in the world having about 40.4 kWh/year which is very low compared with 
500 kWh/year of the average minimum level of consumption per-capita for reasonable quality of 
life (NationMaster.com, 2010a). 
 
 
 

 
 
Figure 6: Electrical Energy Consumption (kWh) per-capita of East Africa Couintries in 2006 
              (NationMaster.com, 2010a)  
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In Ethiopia, the energy consumption pattern for lighting is different for the urban and rural 
population according to the availability and affordability. As shown in Figure 7, kerosene is the 
main energy source for lighting in the rural areas of Ethiopia, while in the urban areas electricity 
is the main source. Even though kerosene is grouped under modern energy source, the method of 
using it for lighting in rural Ethiopia is traditional and results in black soot which causes indoor 
air pollution with particles. 

 

 
 

Figure 7: Percentage distribution of households of Ethiopia by source of energy for lighting 
(Sustainable Energy Consumption in Africa, 2004) 

2.1.2.3 Energy Pattern in the Amhara Region 

 
Biomass supplies primarily satisfy the region’s energy requirement. Woody biomass, cow dung 
and crop residues account for 99% of the total fuel needed for domestic cooking and heating in 
the household sector (BoA, 1997).  Rural households are totally dependent on biomass for 
energy. For example, 58% of the energy consumed by farmers in some part of the region is 
derived from fuelwood, 19% from dung and 23% from crop residues (Sebsbe, 1998). Only about 
9% of the region’s population (mostly urban) is supplied with hydroelectric or diesel power 
(BoA, 1997). The majority of the people use fuelwood for cooking. 
 
Without sustainable and affordable technologies of alternative sources of energy, population 
growth increases the demand for fuelwood, which in turn leads to the destruction of forests and 
consequently environmental degradation. It also contributes to the use of crop residues and dung 
for fuel rather than using them as sources of organic fertilizer to improve the already poor soils. 
(UNECA, 1996) revealed that about 94% of the households meet their principal energy demand 
through fuelwood and dung. About 60% of the households in the region did not use manure on 
their farmlands because of the diversion of dung and other crop residues for energy purposes. 
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Deforestation and burning of dung and crop residues are increased by people’s inability to 
afford, or lack of alternative fuel sources. Electricity and kerosene are expensive and in most 
cases not available. Even households with electricity supply avoid using it, except for lighting at 
night. For cooking, most households prefer the three-stone open fire, which is believed to be only 
10% efficient in overall thermal energy production and use. Improved stoves, such as the 
improved biomass fuel-saving injera stove, which is believed to be 45-82% more efficient than 
the three-stone open fire, are not disseminated with the required amount since they are expensive 
to construct or to buy, and mostly it is not affordable by rural households (Desta et al., 2006). 
 

2. 2 Biomass Energy Utilization in Ethiopia 
 

 2.2.1 Overview of Global Biomass Energy 
 
Biomass is organic material made from plants and animals (microorganisms). Plants absorb the 
sun's energy in a process called photosynthesis in which carbon dioxide and water are converted 
into stored energy. Therefore, biomass contains stored energy from the sun. It is a renewable 
energy source provided that if we always grow more trees and crops, and wastes from animals 
and agriculture are channeled into energy sources. Some examples of biomass fuels are wood, 
crops, manure, and some garbage. When burned, the chemical energy in biomass is released as 
heat. 
 
Traditional biomass energy is a local energy source, which is readily available to meet the energy 
needs of a significant proportion of the population – particularly the poor in rural areas of the 
developing world. It is usually defined as fuelwood and charcoal, agricultural residues, and 
animal dung. Traditional biomass energy is low cost and it does not require processing before 
use (Hall & Mao, 1994). 
 
About 2.4 billion people rely on traditional biomass, mainly for cooking and heating (IEA, 
2002a). Essentially all of those users of traditional fuels dwell in developing countries, and most 
of them live in rural areas; low incomes and the lack of access to alternative, modern fuels 
elucidate their choice of traditional energy supply (Nadejda et al., 2002).  Particularly in sub-
Saharan Africa, traditional biomass energy dominates national energy statistics, leading to 
significant negative impacts on human health and the environment.  
To make use of biomass for our own energy needs we can simply tap into this energy source, in 
its simplest form we know, this is a basic open fire used to provide heat for cooking, warming 
water or warming the air in our home. But more sophisticated technologies exist for extracting 
this energy and converting it into useful heat or power in an efficient way (Biomass, Practical 
Action, 2010). 
 
The categories in which the biomass energy being harnessed are principally three based on 
efficiency quality and environmental benefits. They are traditional biomass energy, improved 
biomass energy and modern biomass energy. The traditional biomass energy use refers to the 
direct combustion (often in very inefficient devices) of wood, charcoal, leaves, agricultural 
residue and animal/human wastes for cooking and lighting. Improved traditional biomass energy 
technologies  refers to improved and efficient technologies for direct combustion of biomass e.g. 
improved cook stoves, improved kilns, etc. Modern biomass energy use refers to the conversion 
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of biomass energy to advanced fuels namely liquid fuels, gas and electricity (AFREPREN, 
2002). 
 
Increasing population in the developing world together with difficulties in obtaining fossil fuels 
pushes more people to be dependent on traditional biomass fuel than ever before (Hall, 1987). 
Biomass energy sources are the major and exclusive energy sources for the great majority of the 
world people, most evidently in the developing world. Increasing interest in biomass for energy 
since the early 1990s is well illustrated by the large number of energy scenarios showing 
biomass resources as the potentially world’s major and most sustainable energy source of the 
future at both small and large scale levels (IEA, 2008; Johansson et al., 1993; Kassler, 1994; 
WEC, 1994; Lazarus et al., 1993; Ishitani et al., 1995). It is carbon neutral when produced 
sustainably. It offers considerable flexibility of fuel supply due to the range, diversity and 
availability of fuel that can be produced (Habitat, 1993). 
 
Biomass energy resources vary geographically, and are not uniformly distributed across the 
world (IEA, 2002b). Biomass energy use is dependent on various factors, such as geographical 
location, land use patterns, preferences, cultural and social issues. For instance, the share of 
biomass energy in total primary energy supply for Asia, Africa and, Latin America and the 
Caribbean (LAC) in 2001 was 25%, 49% and 18% respectively (IEA, 2003a). Industrialized 
countries record significantly lower levels of biomass energy supply, most of which is modern 
biomass energy use and the average share of biomass in total primary energy supply was 3% 
(IEA, 2003b). Income distribution patterns also contribute to variations in biomass energy use, 
with poorer regions relying on traditional forms of biomass, and industrialized regions using 
more modern biomass energy technologies (Leach, 1992).  Biomass energy issues also vary in 
urban and rural areas (Sathaye & Meyers, 1985). For example, while biomass can be collected 
for free in any rural areas of developing countries, it is a largely purchased commodity in urban 
areas.   
 
Despite a growing interest in biomass, as a result of difficulty in availability and high prices of 
fossil fuels, and environmental concerns, and technological advances, its inefficient use in 
developing countries has been linked to a number of economic, social and environmental 
problems. Biomass fuels in the developing countries are typically used in households in ways 
that yield very low efficiencies. In general, development and use of most renewable energies for 
use in countries like Ethiopia is associated with a number of problems, such as high development 
cost, imported technology, low utilization efficiencies, large capital requirement and an 
undeveloped market (Adamu, 2002).  

 
Since the beginning of civilization, biomass has been a major source of energy throughout the 
world. Biomass is the primary source of energy for nearly 50% of the world’s population (e.g., 
Karekezi & Kithyoma, 2006) and wood biomass is a major renewable energy source in the 
developing world, representing a significant proportion of the rural energy supply (Hashiramoto, 
2007). In the past decade, many countries exploiting biomass opportunities for the provision of 
energy has increased rapidly, and has helped make biomass an attractive and promising option in 
comparison to other renewable energy sources. According to the World Bank (2009), the global 
use of biomass for energy increases continuously and has doubled in the last 40 years (Figure 8). 
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Figure 8: World Use of Biomass (1971-2006) (World Bank, 2009) 
 
Contribution of biomass to the global energy demand of 470 EJ in 2007 is only 10%, mainly in 
the form of traditional non-commercial biomass. Moreover, biomass can be used to produce 
different forms of energy, thus providing all the energy services required in a modern society 
(Svetlana et al., 2009). Furthermore, compared to other renewables, biomass is one of the most 
common and widespread resources in the world (WEC, 2004). Thus, biomass has the potential to 
be a source of renewable energy, both locally and in large parts of the world. Worldwide, 
biomass is the fourth largest energy resource after coal, oil, and natural gas - estimated at about 
10% of global primary energy and much higher in many developing countries. Compared to 
other renewables, biomass is currently the largest renewable energy source accounted for 79% 
while hydro power stands second having 17% (IEA, 2008). 
 

2.2.2 Current Status of Traditional Biomass Energy in Ethiopia 
 
Traditional biomass (mainly charcoal, fuelwood and dung) energy dominates the energy supply 
in Eastern and Central Africa, supplying about 60 - 90% of the total energy supply in most 
countries (ADB FINESSE/UNEP/IEA, 2006). There appears to be a correlation between poverty 
levels and traditional biomass use in many developing countries (Karekezi, 2004). As a rule, the 
poorer the country is, the greater the reliance on traditional biomass resources. This is because 
the alternatives are unaffordable. Biomass energy is most utilized in form of fuelwood by the 
domestic sector. The use of fuelwood is most common in poor rural households. Fuelwood is 
considered the cheapest energy option available to households, although the labor, effort and 
externalities of fuelwood remain un-quantified (Batidzirai, 2006). 
 
In Ethiopia, the biomass energy resource potential is considerable. According to estimates by 
Woody Biomass Inventory and Strategic planning project (WBISPP), national woody biomass 
stock was 1,149 million tons with annual yield of 50 million tons in the year 2000. This is 
excluding other biomass fuels such as branches, leaves twigs, dead wood and homestead tree 
yields. Owing to rapidly growing population and energy demand, however, the nation’s limited 
biomass energy resource is believed to have been depleting at an increasingly faster rate. 
Regarding the country’s distribution of biomass energy resources, the northern highlands and 
eastern lowlands have lower woody biomass cover. The spatial distribution of the deficit 
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indicated that areas with severe woody biomass deficit are located in many parts of the country 
(GTZ, 2010). 
 
Biomass energy demand is increasing at an alarmingly rate in the country. As it has been 
observed in Figure 9, the demand has been doubled within 26 years of interval (1971-1997). 
Combustible renewables and waste comprise solid biomass, liquid biomass, biogas, industrial 
waste and municipal waste.    
 

 
 
Figure 9: Trends of Biomass energy demand in Ethiopia (1971-2006) (Trading Economics, 
2010) 
 
Ethiopia is the third largest user in the world of traditional biofuels for household energy use, 
next to Chad and Eritrea, with 96% of the population dependent on traditional biomass (e.g. 
fuelwood and dung) to meet their energy needs while, 90% for Sub-Saharan Africa and 
approximately 60% for the African continent (Jargstorf, 2004b). On the contrary, as it has been 
indicated in Figure 10, there are countries which uses very few or none of biomass energy (e.g. 
Kuwait). 
 

 
 
 
Figure 10: Traditional biofuel consumption in percentage vs. selected countries 
(NationMaster.com, 2010b).  
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The household sector is the major consumer of energy in Ethiopia. While the household sector 
makes up 89.2% of the total national energy consumption, the remaining 10.8% is shared among 
agriculture, transport, industry, and service sectors (EFEDPC/MoRD, 2002).  
 
Traditional biomass constitutes the lion share of the total energy consumption in the country. It 
accounts about 94% of the total national energy consumption (Konemund, 2002). More than in 
any other sector, biomass fuel is important in the household sector. It comprises more than 98% 
of the total energy consumption in the household level. Specifically, fuelwood with charcoal and 
dung with crop residues account 83% and 16 % respectively, whereas electricity and petroleum 
together contribute with 1% of the total household energy consumption (EFEDPC/MoRD, 2002). 
The contribution of biomass fuel is still greater in the rural households as compared to the urban 
counterpart. According to EFEDPC/MoRD (2002), biomass fuels constitute 99.9% of the total 
energy consumption of the rural households. 
 
In Ethiopia, since the energy systems are almost all traditional, no stoves are energy efficient. 
According to Dunkerley et al. (1981), wood and crop wastes are typically used with efficiencies 
not exceeding 10%. Studies on the efficiencies of different cooking devices in Ethiopia 
confirmed that three stone fires were 5-10% (GTZ-HEPNF and EFEDPC, 2004). Most of the 
cooking and heating utensils are made of ceramics by the local people traditionally. Charcoal 
stoves which are made by the local people are not energy efficient too. These are very energy 
intensive to cook and heat to the required temperature. Stoves are not also well guarded to use 
the energy efficiently and there are a lot of losses. 
  
The pattern of energy consumption among the households is quite complicated. It is affected by a 
number of factors. Some of the major factors include; income level, cultural background, 
household size, types of stove used, the type of food usually cooked, the food taste of the family, 
the availability of fuel wood etc. (EFAP, 1993). As per ENEC/CESEN (1986), the level and 
pattern of energy consumption are strongly determined by the local availability of natural 
resources. In other words, demand for different fuel is in part the function of supply. The type of 
stoves used is one of the many factors affecting the amount of energy consumption. Hence, in 
traditional three stone stoves, 90-95% of the biomass energy content is wasted (Konemumd, 
2002). 
 
Natural forests in the country have, in the past, represented a major source of energy (Alemu et 
al., 2001). The depletion of these forest resources, however, has resulted in a serious wood fuel 
crisis. Regardless of the variations in the estimates from one study to the other and the limitation 
of the theoretical basis underling the estimates, different studies confirm the existence of a wider 
gap between supply and demand. There is a consensus that the volume of wood harvested in the 
past few decades far exceeds the incremental yield the forest resources, could generate leading to 
an ever diminishing stock (Alemu et al. 2001). The demand for wood and woody biomass 
products is composed of demand for industrial wood products, construction wood, and fuel 
wood. However, fuelwood constitutes the major part of the demand (MoNRDEP, 1994).  
 
Fuel shortage may be easily described using the trend observed between fuel wood supply and 
demand. The fuel demand and supply projections documented by MoNRDEP, (1994), indicate 
that the demand for fuel wood was 58 million m3 whereas the supply was 11 million m3 
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indicating the deficit was more than four times the supply. Fuel collection took an hour or two a 
generation ago, today it takes the whole day (Eckholm, 1975). The projection made for the year 
2020 indicated that the demand will be 100 million m3 against a supply projection of 7.7 million 
m3 envisaging a deficit of 92.3 million m3 (MoNFDEP, 1994). A multitude of reasons are 
believed to have been responsible for the consistent imbalance between demand and supply of 
fuel wood. A continued degradation of forest has led the natural forest resources to decline at an 
alarming rate both in size area and in quantity. The short fall between available supply and 
demand for fuel wood is usually met as the cost of deforestation and a higher demand for fuel 
wood from forest source causes resource depletion to the extent that collection exceeds 
sustainable yield. 
 
The most important issues in Ethiopia’s domestic energy sector is therefore heavy reliance on 
biomass fuels, low levels of renewable energy and/or energy efficiency technology and that 
energy demand in most areas significantly exceeds the supply. These leads to over harvested 
fuelwood which is contributing to deforestation of already ecologically sensitive areas, 
unaffordable prices of fuelwood and charcoal, and substituting fuelwood with dung cake and 
agricultural residue, consequently reducing agricultural productivity as  important plant nutrients 
existing in agricultural residues and dung are burnt.  
 

2.2.3 Traditional Biomass Energy Situation in the Amhara Region 
 
In the case of the Amhara region, most of the region is suffering from moderately deficit to 
severely deficit of biomass energy supply (Olana, 2002). The overwhelming dependence on 
traditional energy source is clearly observed in all zones of the region in the case of biomass 
conservation to serve as household fuel demand. According to the 1999 data, the total sustainable 
wood supply in the region was only to cover about 29% of the total demand (Gashuwe, 2004). 
The figure regarding supply and demand further indicate that large amount of agricultural 
residues and cow dung will be burnt in homes to fill the gap. Table 1 compares the total 
sustainable wood supply levels and estimated total demand for the year 1999, for different zones 
in the Amhara Region. Wood demands for fuel and construction purposes will naturally increase 
with the growing population unless assumed supply of other alternative fuels are made available 
in both urban and rural areas. While the production of woods has not been able to keep up with 
the growing demand to fulfill the current growing demand of the region. Although it is not 
supported by concrete data, the present woody biomass supply could be imagined to have 
become a deficit, which was 71% in 1999, and could go as much as higher with the current 2010 
demand, and also in forthcoming years (Gashuwe, 2004).  
 
The increasing demand of fuel wood supply has not been seen in rural areas, but it is also 
becoming critical in urban areas, particularly from the last decades onwards. Therefore, people 
have been switching fast to relatively cheaper price sources, like agricultural residues and dung 
cakes. The increasing supply of dung cake to the market as sources of household energy supply 
signifies the fuelwood crisis in the region, with the depleted forest resources and decreased 
productivity all over the Amhara Region. 
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Table 1: Demand-Supply Balance in the Amhara Region by Zone (AFAP, 1999) 

Zone 
Total Sustainable 

Wood Supply  m
3
 

Wood demand m
3
 

Gap 

In m
3
 In% 

North Gondar 986,589 1,551,513 -564,928 -36 

South Gondar 805,337 1,286,333 -480,996 -37 

North Wollo 456,980 1,836,333 -1,379,353 -75 

South Wollo 535,082 2,252,500 -1,717,418 -76 

North Shewa 577,777 1,643,333 -1,065,556 -65 

East Gojam 354,002 1,960,667 -1,606,665 -82 

West Gojam 350,052 2,145,667 -1,795,615 -84 

Awi 261,144 1,232,667 -971,523 -79 

Wag Hemira 64,136 485,415 -421,279 -87 

Oromiya 82,449 639,333 -556,884 -87 

Tota Amhara 4,473,548 15,033,765 -10,560,217 -71 

 
As a result, the cost of domestic energy is high and rapidly increasing. In many parts of the 
country dung cake and agricultural residue is (rapidly becoming) a commercial energy source, 
traded on markets. At places, air dried dung cake can sell for as much as ETB 1 per piece of 
approximately 250 grams. The regional bureau of agriculture reported that these prices have 
tripled over the past four years. Much of the fuelwood charcoal, dung cake and agricultural waste 
at the market is transported in and out over large (more than 30km are no exception) distances 
(Eshete et al., 2006). 
 
Among the key issues that characterize the Regions energy consumption pattern, we can say that 
the sector relies heavily on biomass energy resources, in which the household sector is the major 
consumer of energy which comes almost entirely from biomass and, biomass energy supplies are 
coming mainly from sustainable resource base which has disastrous environmental implications. 
 

2.3 Impacts of Traditional Biomass Energy Use 
 
Energy use by humans for life support is one of the principal activities, which necessarily 
interferes with natural environment in various ways at different places and time. Food, cloth, 
water, shelter and energy are basic needs for which human being depends on environment. 
Developing countries have more intense and immediate dependence on their natural resources 
than developed countries. People in this part of the world have crude, low technologies in 
extracting these resources and have not yet developed efficient technologies to convert the 
resources into more efficient and productive ways. However, what matters is not the use of its 
natural resource, it is the unbalanced and excessive use of the resource base with very low 
efficient in extraction as well as use or intake of energy from its source. All these low 
technologies lead to resource extraction beyond regenerating capacity, which is becoming critical 
in most developing countries, where vast majority of population is directly dependent upon 
natural environment.  
 
According to the World Bank (1996) reports, globally there are nearly two billion people without 
access to modern form of energy, the overwhelming majority of which are from developing 
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countries. Especially in this part of the world, approximately one-third of all energy consumption 
is obtained from the burning of wood, crop residues, and animal dung (World Bank, 1996). It is 
further evidenced that the consumption of traditional biofuel even in towns and cities of the 
developing world is tremendous. This is especially true in several non-oil producing Sub-
Saharan African countries where the availability of modern energy supply and the costs of 
distribution of acquiring related appliances often inhibit the use of modern energy sources.  
 

2.3.1 Environmental Impacts of Traditional Biomass Energy 
 
The high prevalence of mass poverty can be indicator of modern and efficient energy source and 
associated appliances even if available in the market, are not affordable for most poor people in 
the developing world (Kassa, 2002), and this makes an unique case in the energy sphere, e.g., 
over consumption of low-graded traditional energy, and under consumption of high quality 
modern energy on the other hand. In fact, traditional energy accounts over 60% of the total 
energy used throughout Sub-Saharan Africa, and wood alone provides over 90% of the total 
traditional energy consumption in some countries, (Misana, 1999). Although biomass has 
important benefit in the overall energy balance, its inefficient use in developing countries has 
been linked to a number of adverse environmental effects like excessive deforestation at local, 
regional and national scales, indoor air pollution and decline in crop yields (Getachew, 2002. 
Thus, the high and direct dependence on biomass energy coupled with low efficiency in its end 
use at household level, mainly for cooking on open fire, are contributing to unnecessary high 
level of biomass resource extraction and consumption (Kassa, 2002). 
 
This great dependence on biomass is believed to have led chronic depletion of forest resource, 
there by resulting in declining in welfare of households, a reduction in agricultural productivity, 
and environmental degradation. For example, this situation is severe in highlands and midland 
areas of Ethiopia, where centuries of cultivation by settled agriculturalists, with poor 
management practices, have left the landscape poorly covered by natural vegetation. This 
destruction of the vegetable cover has aggravated soil erosion, with disturbed drainage system 
and water balance, and ultimately land degradation. Ethiopia’s central highlands plateau loses 
yearly more than one billion tons of top soil through erosion because of inefficient farming 
practices and deforestation for energy (Miller, 1986). In 1990 accelerated soil erosion caused by 
a progressive annual loss in grain production was estimated at about 40,000 tons, which unless 
arrested will reach about 170,000 tons by 2010 (Kassa, 2002). 
 
The natural forest cover of Ethiopia is declining very fast (Figure 11) and the annual loss of these 
forests has been estimated to be 150,000 to 200,000 ha (Laike, 1990). There is also a fear that if 
continued at this rate, the last highland forests would disappear by the year 2020 (Wood, 1990). 
It was forecasted that sixteen million ha of rural fuel wood plantation, with another 1.2 million 
ha of forest that provide timber are required to meet the growing rural fuelwood needs and 
replace the use of dung as fuel by the year 2010 (Wood, 1990). The current national forest cover 
is claimed to be below 3% (Eshete, 2006).   
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Figure 11: Forest Cover Trend of Ethiopia (Eshete et al., 2006) 

 
In most developing countries, forest resources are highly valued due to several economic and 
environmental reasons. Apart from environmental advantages and fuelwood supplies, trees serve 
as savings or reserves for farmers, which they first revert to at times of food shortages. However, 
with depletion of forest resources farmers who are desperate switching to dung and crop residues 
to meet their immediate needs for energy and as source of income substitutes dung for fuelwood. 
Thus along with the depletion of forest resources, the demand for dung as traditional energy is  
not only becoming rural events but it is also happening in the urban poor. In some urban centers, 
the market value of dung for energy is more than its value as farm manure and also as compared 
to the costs of producing fuelwood from reforestation (Miller, 1986). 
 
In many localities and places in Ethiopia, people are now left with no choice but use animal dung 
and crop residue as their main sources of energy, which constitutes a significant of the total 
energy supply of the country (MoRD, 2002). In this regard, if cow dung and crop residues are 
used as main sources of domestic energy, they could leave the cropping fields hardly supplied 
with adequate organic matter. Such soil not only has low water holding capacity, it is also poorly 
supplied with the basic soil nutrient, provided in small-holder farm sectors, to produce the 
maximum possible yields. It is estimated that in Ethiopia some 600,000 tons of crop production 
is lost annually as a result of burning of dung rather than using it for maintaining soil fertility or 
twice the average yearly request for food aid in Ethiopia (Araya & Edwards, 2006). Similarly, 
burning of crop residues for fuel is considered to aggravate land degradation in Ethiopia which 
resulted in reduced agricultural productivity (Alemu, 1999). 
 
In this respect, improvement in resource use efficiency through technological alternatives like 
biogas is vital. Still application of biogas production and use in Ethiopia is in an infant stage. 
Empirical evidence of the role of innovative biogas application is lacking. The fact that biogas 
was largely seen as replacement to fuelwood and kerosene (AFREPREN, 2001) and its role in 
redressing land degradation was not realized might have resulted in much limited attention.   
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2.3.2 Traditional Biomass Energy and Indoor Air Pollution  
 

2.3.2.1 Indoor Air Pollution and Its Health Effect 
 
Many epidemiological studies across the world have linked indoor air pollution to illnesses like 
acute lower respiratory infection (currently the leading cause of death among children less than 5 
years), chronic obstructive disease, lower birth weights, and higher risk of tuberculosis 
(Domanski et al., 2005). Although many sources of indoor air pollution exist, studies conducted 
by the World Health Organization  (WHO) have identified coal and biomass burning for heating 
and cooking are the leading contributor to indoor air pollution in the rural households of 
developing countries (Domanski et al., 2005). The WHO estimates that 1.6 million deaths a year 
world wide and 1.4 million illnesses can be attributed to the household burning of such solid 
fuels (Desai et al., 2004).  

As women are primarily responsible for cooking, and as children often spend time with their 
mothers while they are engaged in cooking activities, women and young children are 
disproportionately affected. For example, the World Health Report (2002) estimates that acute 
respiratory infection is one of the leading causes of child mortality in the world, accounting for 
up to 20% of fatalities among children under five, almost all of them are in developing countries. 
This makes solid fuels the second most important environmental cause of disease after 
contaminated waterborne diseases (Bruce et al., 2006) and the fourth most important cause of 
overall excess mortality in developing countries after malnutrition, unsafe sex, and waterborne 
diseases (Bruce et al., 2006). In addition to impacts on mortality, indoor air pollution may have 
long lasting effects on general health and well-being: early exposure to indoor air pollution 
during childhood may stifle lung development, suggesting that the cost of this pollution may 
continue later in life. In fact, literatures indicate that environmental insults at early ages can have 
long lasting influences on human health and productivity (Almond, 2006).  
 

Inefficient burning of biomass fuel on an open fire or traditional stove generates large amounts 
of particulate matter as well as carbon monoxide, hydrocarbons, oxygenated organics, free 
radicals and chlorinated organic (Naeher et al., 2007). The particulate matter component of this 
smoke is classified according to its size, with inhalable material less than 10µm in diameter 
referred to as PM10. The 24 hours mean particulate matter levels set in the WHO guidelines for 
air quality are 50 µg/m3 for PM10 and 25 µg/m3 for PM2.5 (WHO, 2006) but in many parts on the 
developing world the peak indoor concentration of PM10 often exceeds 2000 µg/m3 (Regalado et 
al., 2006). Critically, there are age, gender and socio-economic differences in levels of exposure 
and the consequent health effects (Smith et al., 2000).  
  
Young children living in households exposed to solid fuel have a two to three times greater risk 
of developing acute lower respiratory tract infection compared with those living in households 
using cleaner fuels of suffering less exposure to smoke (Smith et al., 2000) . In children under 5 
years, the mortality attributable to acute loser respiratory tract infection is estimated to be over 2 
million deaths per year (Rudan et al., 2004). The first report of indoor cooking smoke associated 
with childhood pneumonia and bronchiolitis was in Nigeria (Sofoluwe, 1968). In Ethiopia, acute 
lower respiratory tract infection deaths under 5 years attributable to solid fuel use reaches 50,320 
(WHO, 2007).   
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There exists also evidence which implicates exposure to biomass fuel smoke has adverse effects 
on different birth outcomes (Sram et al., 2005). For example, a study from Zimbabwe identified 
an association between birthweight and type of fuel used. The babies of mothers using open 
wood fires were lighter compared with babies born to mothers using cleaner fuels (Mishra et al., 
2004). A recent report has also suggested that exposure to biomass fuel smoke in young children 
contributes to chronic nutritional deficiencies including anemia and stagnant growth (Mishra & 
Retherford, 2007). 
 
Biomass fuel smoke is associated with an interstitial lung disease referred to as ‘hut lung’, a form 
of pneumoconiosis in rural women from developing countries, originally described as ‘Transkei 
silicosis’ because it was thought to be due to silica particles (Gold et al., 2000). However, it is 
the contribution of biomass fuel smoke in the pathogenesis of chronic obstructive pulmonary 
disease that causes a greater global burden of disease. In Ethiopia, chronic obstructive pulmonary 
disease deaths greater than 30 years attributable to solid fuel use reaches 6,410. The percentage 
of national burden of disease attributable to solid fuel is 4.9 (WHO, 2007). 
  
Evidence is emerging that the incidence of Tuberculosis is increased amongst biomass fuel-
exposed women. Studies from Mexico and India have implied a causal role of current biomass 
fuel smoke exposure and the development of Tuberculosis (Perez-Padilla et al., 2001). These 
findings have been seen as the evidence supports for the hypothesis that exposure to respirable 
(small enough to be inhaled) pollutants from combustion of biomass fuel increase the risk of 
Tuberculosis infection and disease (Lin et al., 2007). In the same countries, studies suggest also 
that non-smoking women exposed to BMF smoke from cooking for a number of years may have 
lung cancer (Behera & Balamugesh, 2005). The International Agency for Research on Cancer 
(LAFC) recently termed biomass smoke as a carcinogenic to humans (Straif et al., 2006). 
 
Clearly, the health costs of bad indoor air quality can be detrimental to a rural family, making the 
transition to clean energy sources such as biogas even more pertinent. Biogas digesters are 
extremely effective at lowering indoor air pollution by converting renewable material (dung and 
other organic wastes) into a gaseous fuel that burns cleanly.   
 

2.3.2.2 Indoor Air Pollution Problems in Ethiopia 
 
The World Health Organization (2004) estimates that indoor air pollution results in 1.6 million 
deaths worldwide each year, 24% of which occur in Africa; the primary cause of this indoor air 
pollution is household fuel use, particularly from traditional fuels burned in highly inefficient 
stoves. 

 
As stated in section 2.2.2, Ethiopia stands as the third largest traditional fuel user in the world, 
with the habit of burning fuelwood on traditional three stone open fires, which have high 
pollutions and a very low efficiency, compared to 70 to 80% for an electric stove (Jargstorf, 
2004b). Support to this conclusion is provided by Stokes (2006), who was measuring particulate 
matter below 10 µm in diameter (PM10) in sample  households in the Ethiopian capital of Addis 
Ababa, found particulate levels to far exceed the National Ambient Air Quality Standards of the 
United States Environmental Protection Agency (US EPA); while US EPA standards require 
daily average concentration of PM10 to remain below 150 µg/m3, the mean average particulate 
emissions in Addis Ababa was 700 µg/m3 and the mean maximum particulate emissions level 
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was approximately 50,000 µg/m3. We can concluded that the problem will be more worsened in 
the rural areas of Ethiopia than Addis Ababa as almost all energy demands are supplied from 
traditional biomass for cooking and heating purposes.  
 
Although the magnitude of the health problems associated with indoor biomass smoke pollution 
have never been documented in Ethiopia, the comprehensive health records in the country shows 
that acute respiratory illness and eye diseases are among the top ten diseases. Kloos et al., (1993) 
stated that 5.8% of all new outpatients in 1988-89 had acute respiratory illness. More than one-
third (36%) of the impatient upon admission to Black Lion Hospital in Addis Ababa of Ethiopia 
had pneumonia. Muhe (1997) also indicated in his study that among the admissions to a 
children’s hospital in Addis Ababa, 11% were diagnosed as having diseases of the respiratory 
tract. Cases with pneumonia as the principal diagnosis constituted 6% of admissions and 7% 
deaths (Faris, 2002). 
 
Even though there has not been documented detail data concerning indoor air pollution and 
emissions in relation to traditional biomass energy, few surveying studies performed to observe 
some of the emissions measured and their impacts in Ethiopia. According to Faris (2002), most 
of the main problems of indoor pollution emanate from the type of fuel, the technology used to 
burn the fuel (stove construction), and lack of a separate kitchen with proper ventilation or 
chimney. The quality of wood, leaves, dung and other biomass fuels is such that it produces a lot 
of smoke particulate and gases. Among these, dung fuel is considered as one of the poor quality 
fuels that in households where there was cow dung among the fuels used, the concentration of 
TSP, CO and PAH was high (Faris, 2002). In the Tigray region of Ethiopia where cow dung cake 
was the most frequently used fuel shows a carbon monoxide concentration of up to 600 ppm, and 
a TSP production of between 83-175 mg/m3 (Jurgen, 1994). 
  
Three very important parameters could be seen whether indoor air pollution is problem in some 
area of the country where sample surveying was conducted to determine the status of indoor air 
pollution in the rural homes. For instance, Jimma zone of Ethiopia, carbon monoxide, particulate 
matters, and polyaromatic hydrocarbon (PAH) were selected as the indicators. All of these 
pollutants in the living environment were in excess of human tolerance indicate that those 
exposed, especially small children and mothers, are or will eventually suffer from problems 
associated with the pollutants including lung cancer (Faris, 2002).  
 
According to Kumie et al., (2007) the sample taken in Butajira area of  Ethiopia, the mean level 
of NO2 was 97 µg/m3 , exceeded the annual WHO air quality guideline of 40 µg/m3 by almost 
2.5 times (WHO, 2005). The exceeding of the concentration of NO2 is consistent for all months 
of the survey. Close to 70% of the sample, households were exhibited above the WHO 
guidelines.  
 
Biomass fuel or other fuel use by itself may not be a risk but the risk may increase with the 
indoor environment and also, according to Kosove (1993), with duration of use of exposure. In 
Ethiopia, the duration of adults and their children staying near the stove is more than three hours. 
Sample study conducted by Faris indicates that most of the households are also exposed to 
pollutants in which concentrations of particulate matter are much higher than this standard. 
Health effect is not only on exposure to smoke and heat but also during dung preparation, fire 
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wood collection and charcoal production), and ergonomics (carrying, setting) as well (Jurgen 
1994).  
 

2.4. Improved Biomass Energy Technologies (IBTs) 
 

2.4.1 Potential Benefits of IBTs in Developing Countries 
 
Improved biomass energy technologies have the potential to reduce the negative impacts of 
current traditional biomass energy use. Many policy makers and researchers in the developing 
world as well as interested decision makers in the more developed parts of the world are keen to 
see a progressive shift from traditional biomass use to improved use, and eventually to modern 
biomass energy use (Karekezi et al., 2002). Of priority interest in developing countries is the 
need to first improve the current use of traditional biomass, and secondly to transform biomass 
into high-quality low-emission electricity, fuels and gases (Goldemberg & Coelho 2003). 
Improved cook stoves, for instance, are designed to reduce heat loss, decrease indoor air 
pollution, increase combustion efficiency and attain a higher heat transfer (Masera et al., 2000). 
This results in savings in the amount of fuel used, which translates to direct cash savings. 
Other benefits that accrue from increased use of improved biomass technologies include the 
alleviation of the burden placed on women and children in fuel collection, freeing up more time 
for women to engage in other activities, especially income generating activities. Reduced fuel 
collection times can also translate to increased time for education of rural children especially the 
girl-child (Karekezi et al., 2002). The production and dissemination of improved biomass energy 
technologies provides employment and job opportunities for a significant proportion of the 
population, particularly women (Karekezi et al., 2002). The provision of more efficient stoves 
can reduce respiratory health problems associated with smoke emission from biofuel stoves 
(Karekezi & Kithyoma, 2002).    
  
Improved biomass energy technologies provide also an attractive option for small and medium 
enterprises. IBTs have the capacity to improve the efficiency of biomass use in traditional 
energy-intensive rural productive activities such as charcoal production, crop drying, wood 
briquettes and the other related activities (Karekezi & Kithyoma, 2002). Initiatives to 
disseminate IBTs have delivered significant benefits to both the urban and rural poor in 
developing parts of the world. Urban improved stove initiatives deliver several benefits to both 
the urban and rural poor. First, in terms of jobs created in improved stoves programs and second, 
in terms of reduced charcoal and fuelwood consumption through the use of improved stoves 
(Karekezi & Kethyoma, 2002). Therefore, production and dissemination of these technologies is 
becoming as source of income for urban and rural poor in developing countries. 
 
Under the current limitations in the traditional and modern energy sectors, the improvements of 
energy efficiency, in particular increasing end-use efficiency at the household level received 
major attention by the energy planners and government institutions (Konemund, 2002). 
Konemund further notes that fuel saving stoves could be produced at low cost and provide a 
cost-effective solution, environmental protection and improved livelihoods. In addition, they can 
also have significant economic effects on both at the household level and at the macroeconomic 
level at large. 
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2.4.2 Biomass Energy Efficiency Development in Ethiopia 
 
As stated before biomass fuels are the main energy resources in Ethiopia, resulted in heavy 
dependence and inefficient utilization of the resources have highly depleted the resource base. 
Hence, the government has devised supply and demand management strategies in order to 
alleviate the problem and brings about sustainable utilization of biomass energy resource. The 
demand management strategies included improved efficiency in household energy utilization 
especially for cooking, through introduction of improved cooking stoves. In this respect, a 
number of governmental and non-governmental institutions involved in stove design, production  
dissemination as well as information assessment and compilation directly or indirectly through 
financial and technical contributions. 
 
The first institution that should be mentioned in the promotion and dissemination of cooking 
stoves regardless of thermal qualities is the ‘informal sector’. This sector as far back to the 
beginning of the 19th century until the present is contributing to the cooking stove market of 
traditional as well as improved stoves of different size and dimension in Ethiopia. Although, a 
single figure, which quantifies the penetration rate of these stoves, is not available, it has been 
evident that this sector plays a big role in the supply of biomass conversion devises in the 
country at large (Shanko, 2002). 
 
As studies indicated, prior to the 1970s the Ministry of Agriculture (MoA) was promoting 
improved stoves as a part of community development along with other stakeholders. The 
government policy towards importing of kerosene in mid 1980s transformed some 90% of the 
householders in Addis Ababa and other major urban towns into kerosene stove users. In fact, in 
1980s, kerosene was not a cooking fuel in Ethiopia but electricity was used by as many as 10% 
of households in Addis Ababa to prepare ‘Injera’ on electric stove. This was a major as a 
temporary relief for biomass sources mainly focusing on Addis Ababa (Shanko, 2002). 
 
International Labor Organization (ILO) was also the earlier to execute a project on Cooking 
Efficiency Program Planning in Ethiopia (CEPPE) addressing household cooking options in the 
country. The study indicated major interventions in improving the use of biomass efficiency in 
the households, especially wood and charcoal. Portable metal wood and charcoal stoves were 
designed and tested with an ultimate aim of massive dissemination of the stoves after under 
taking field tests and acceptability assessment by the program (Shanko, 2002). According to 
Shanko (2002), the Ministry of Agriculture (MoA) also again continued to promote improved 
stove programs at different places. The Rural Technology Promotion Centers (RTPCs) under the 
MoA developed and promoted improved charcoal, wood and confined stoves in different regions 
of the country. Side by side, the Ministry of Education (MoE) funded by UNICEF has also 
promoted improved mud-stoves through local technology centers. The German Development 
Cervices (DED) has also promoted improved mud-stoves in some parts of Ethiopia. 
 
The cooking Efficiency Improvement and New Fuels Marketing Project (CEINFMP) 
implemented by Ethiopian Rural Energy Development and Promotion Center with funds 
obtained from the World Bank succeeded in developing and commercializing an improved 
charcoal stove named ‘Lckech’ which has an overall efficiency improvement of 25% (tested in 
the households) compared to the traditional charcoal stove in Addis Ababa (Shanko, 2002). The 
rapid payback plus the fact that the stove is attractive and fit well for the traditional coffee 
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ceremony are two main reasons behind its rapid dissemination in Addis Ababa. This rapid 
dissemination, which is driven entirely by consumer demand met by private sector producers, 
can be characterized, as no less than a stunning success relative to most other stove programs. 
 

Improved rural and urban Biomass energy stoves, which are designed to reduce heat loss, 
increases combustion efficiency and attain a higher heat transfer, would be an appropriate 
response option. These stoves could insure efficient utilization of fuelwood and could 
significantly reduced indoor air pollution thus mitigating respiratory health problems associated 
with smoke emissions from stoves (Karekezi & Kithyoma, 2002).  
 
Recently the governmental and nongovernmental organizations are trying to minimize this 
energy loss by introducing improved stoves. The first improved stove designed and distributed 
was ‘Lackech’ (better) charcoal stove. These stoves have saved one fourth of the energy than the 
traditional metal charcoal stoves (GTZ, 2007). According to GTZ, a single Lackech stove saves 
0.125 kg of charcoal per household per day. The second improved stove is called ‘Mirt’ (best) 
which uses biomass as energy source and used to bake Injera (Ethiopian favorite flat bread) has 
been introduced. This innovative invention was created in response to the large amounts of 
energy consumed during the production of Ethiopia’s favorite bread, Injera. Each Mirt saves 
approximately 5 kg of wood per Injera baking session for the average household. On average, 
there are two Injera baking sessions per week. Therefore, the Mirt saves the average household 
nearly 480 kg of wood a year (GTZ, 2007). 
 

2.4.3 Lakech and Mirt Improved stoves 
   
In general, the fuel wood demand of the country is far exceeding the sustainable supply, for 
instance, leading to a total of fuel wood deficit of 58 million m3 by the year 2005 (MME, 2010).  
The diminishing natural forest resources are much affected by the expansion of agricultural land 
in general and inefficient utilization of biomass fuels in particular. 
 
The high biomass energy consumption, along with inefficient utilization, has resulted in 
pollutions and environmental degradations, as stated before. To address these problems, various 
efforts have been made. Among these efforts, the most important and significant one is the 
development and dissemination of the improved charcoal stove known as ‘Lakech’ (Figure 14) 
and the biomass ‘Injera’ stove known as ‘Mirt’ (Figure 13). The efficiency of biomass use has 
been considerably enhanced by improved stoves. Lakech and Mirt provide a saving of 18-25% 
and 20-30% over traditional stoves respectively (GTZ-HEPNR & EREDPC, 2004). Their 
distinguishing features are a ceramic liner as insulation; an enclosed fire to retain the heat and 
ventilation gates to control the air flow.This indicates that these stoves are useful to reduce the 
pressure on the biomass energy source. 
 
According to GTZ (2007), test results show that the latest Mirt stoves save fuels over 50% and 
carbon monoxide (CO) emission reduction of about 90%, when compared to the traditional 
biomass stove (Figure 12), were the main finding of a systematic comparison of the previous 
types of Mirt stoves conducted by the GTZ-SUN Energy Project in Ethiopia. Improved Mirt 
stoves are especially designed for the baking of the traditional Ethiopian bread, Injera. Carbon 
dioxide and particulate matter (PM) concentrations were measured both during the baking period 
as well as five minutes before and 30 minutes after the baking of Injera. While the normal Mirt 



 

 

stoves showed a 30% reduction of PM compared with the open fire, the new
stoves showed a reduction of almost 50%

   Figure 12: Traditional Biomass 
                   (Ergeneman, 2003)                                         
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reduction of PM compared with the open fire, the newly developed 
showed a reduction of almost 50% (Klingshirn, 2007). 

        

Traditional Biomass Stove (Mitad)                     Figure 13: Mirt Improved Stove 
                                                             (Eshete et al., 2006)
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particular, minimizing their high workloads to collect and supply fuel wood, and their 
exposure to flame hazard, high smoke emission and harmful pollutants. 

It is assumed that if the whole rural and urban households (estimated to be about 14.44 million) 
to the improved Lakech and Mirt stoves, a saving of about 7,778,800 ton

fuel wood which requires clear cutting of 137,192 ha of forest will be achieved in an annual 
basis. This implies that sufficient distribution of these improved stoves will have significant 
contribution to save the biomass resources of the country in general and forest resource in 
particular and to combat land degradation and migrate the effects of drought (MME, 2010)
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Nowadays both improved and modern technologies have been introduced in many areas of the 
Amhara region, among which the Mirt fuel wood stove, the Lakech charcoal stove, the improved 
‘Gonziye’ wood stove, the ‘Fetenech’ cooking stove and biogas technologies are worth 
mentioning. Annually on average, about 48,000 improved stoves are distributed in all 11 zones 
of the Region (REMDPA, 2007).  
 

2.5 Biogas as an Alternative Energy Source 
 
Biogas is produced through an anaerobic bacteria decomposition process that converts 
biomasses, such as animal wastes, agriculture residues and human wastes to provide an 
environmental benign, high quality fuel in the form of biogas to be used for household purposes. 
Biogas is mainly composed of 50 to 70% methane, 30 to 40% carbon dioxide (CO2) and a low 
amount of other gases, as shown in Table 2. Biogas is about 20% lighter than air and has an 
ignition temperature in the range of 650oC to 750oC. It is an odorless and colorless gas that burns 
with clear blue flame similar to that of LPG gas (Sathianathan, 1975). Biogas has a calorific 
value of 20 MJ per m3 and can be used for many domestic applications such as cooking, lighting, 
electricity generation, or fuel for modified internal combustion engines (FOA, 1997).  
 

Table 2: Compositions of Biogas (Yadav & Hesse, 1981) 

Substance Symbol Percentage 

Methane CH4 50-70 

Carbon Dioxide CO2 30-40 

Hydrogen H2 5-10 

Nitrogen N2 1-2 

Water vapor H2O 0.3 

Hydrogen Sulphide H2S traces 

 

2.5.1 State of Biogas Technology 

2.5.1.1 A Brief History of Biogas 

 
Subjective evidences indicate that biogas was used for heating bath water in Assyria during the 
10th century BC and in Persia during 16th century AD. Jan Babtita Van Helmont first determined 
in 17th century that flammable gases could evolve from decaying organic matter. Count 
Alessandro Volta concluded in 1776 that there was a direct correlation between the amount of 
decaying organic matter and the amount of flammable gas produced. In 1808, Sir Humphry Davy 
determined that methane was present in the gases produced during anaerobic digestion of cattle 
manure (Harris, 2008). 
 
The first digestion plant was built at a leper colony in Bombay, India in 1859 (Meynell, 1976). 
Anaerobic digestion reached England in 1895 when biogas was recovered from a careful 
designed sewage treatment facility and used to fuel street lamps in Exete (McCabe et al., 1957). 
The development of microbiology as a science led to research by Buswell and others in the 
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1930s to identify anaerobic bacteria and the conditions that promote methane production 
(Buswell et al., 1936). 
 
Methane was first recognized as having practical and commercial value in England, where a 
specially designed septic was used to generate gas for the purpose of lighting in 1890s 
(Cheremisinoff et al., 1980). There are also reports of successful methane production  units in 
several parts of the world, and many farmers wonder if such a small scale methane production 
unit can be installed at their farms to convert waste into something more valuable (Lewis, 1983). 
 
Generally, technological options for the use of biogas as energy source in rural areas are two: 
one at household or family level and another at village or community level (Parikh, 1983). 
Meaning, there are village size or community biogas plants and family size or household plants. 
Nevertheless, it should also be noted that there are large-scale and intermediate scale digesters 
used for agro-industrial applications such as in food factories, wineries, and for urban 
applications such as electric power generation (Daxiong et al., 1990). 
 
China and India have good experience in the development of biogas technology to supply 
especially, their rural people with sustainable and benign energy sources, i.e. biogas from animal 
and agricultural wastes.  
 

2.5.1.2 Biogas in China 
 
China is playing a leading role in the area of biogas-processing by which human waste, animal 
waste and food waste turn into a high-end, biogas energy. China began using biogas digesters in 
earnest in 1958 in a campaign to exploit the multiple function of biogas production, which solved 
the problem of the disposal of manure and improved hygiene. During the late 1970s and early 
1980s the Chinese government realized the value of these natural resources in rural areas and this 
was the first important step in the modernization of its agriculture (DuByne, 2010). According to 
Dubyne, six million digesters were set up in China, which became the biogas capitol of the world 
incorporating the China Dome digester which is still used to the present day, especially for 
small-scale domestic use. China’s 2003-2010 National Rural Biogas Construction Plan is to 
increase biogas-using households by a further 31 million to a total of 50 million, so the rate of 
use would reach 20% of the total household (ibid.). 

 
By the end of 2006, the total numbers of rural households that use biogas were 22 million, with a 
total annual biogas production of about 8.5 billion m3 (ibid.). The typical eight cubic meter 
biogas digesters are able to provide 80 percent of the necessary cooking energy for a four-
member family, according to the energy and Zoology Division inside the Ministry of Agriculture 
of China and at the end of 2020, about 300 million rural people will use biogas as their main fuel 
(ibid.). Many rural households are equipped with both biogas stoves and lamps for cooking and 
lighting purposes (FAO, 2007). 
 

2.5.1.3 Biogas in India 
 
The Indian Council of Agricultural Research (ICAR) has been a pioneer in forecasting the 
potential of bio-gas systems as early as 1938 for agricultural India, where more than half the 
cattle dung was then used as domestic fuel for want of substitutes. Though the anaerobic 
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fermentation of cow dung (known as ‘Gobar’ in Hindi) started in 1939 and an attempt was made 
to introduce the bio-gas plant in 1946, the real start of the use of bio-gas plants was made in 1951 
with the introduction of the semi-continuous plant combining the gas holder and digester in one 
unit. A number of Indian institutions have played a significant role in the development of the 
early batch and the later continuous plant models (Subramanian, 1977).  
 
Since 1962, the KVIC has been responsible for the extension of the Gobar gas programme. To 
give free technical guidance, the Commission had posted technical staff in, different states, who 
alone guided the installation work in the earlier period (ibid.).   
 
India stands next to China in terms of dissemination of bio-gas technologies in rural areas for 
cooking and lighting. There are a number of enterprises in each state that produces stoves and 
lamps. At some community and institutional biogas plants, biogas operates engines and 
agricultural equipment. Some enterprises in India manufacture or adapt diesel engines with 
optional operation in biogas (Marchaim, 1992). 
 
Biogas production has been quite dominant in India at household and community levels 
(especially in rural areas) than on large scales. In villages especially, thousands of small biogas 
plants use the cattle waste (especially cow dung) and provide biogas used for home heating and 
cooking, It is estimated that over 2 million biogas plants have been installed all over India 
(Nathan, 2010). Even though the use of biogas for electricity generation in Indio is more recent, 
the trend is accelerating. According to Nathan, sewage treatment centers and organic waste 
treatment plants (those treating organic municipal solid waste, for instance) already use 
anaerobic digesters to generate biogas and electricity in many cities across India.  Some of the 
industries that generate significant amounts of solid of liquid organic waste also have installed 
digesters and gas engines for electricity production. Many of these require sizable investments, 
but it is estimated that they have a good return on investment as the main feedstock that they use 
in essentially free (ibid.).  

2.5.2 Main Types of Biogas Digesters 

 
The biogas digester is a physical structure that is also commonly referred to as a biogas plant or 
anaerobic digester. A biogas digester is essentially an underground and airtight pit that a user 
puts crop residues, animal manure, human feces and water into. Once a suitable bacteria culture 
has been developed inside the biogas digester, biological waste is mixed with water in a pre 
determined ratio and retained for approximately 50-60 days (FOA, 1997). 
 
Fixed Dome (Chinese): A fixed dome biogas digester was built in Jiangsu, China as early as 
1936, and since then considerable research has been carried out on various digester models. The 
fixed dome is by far the most common digester type in developing countries. This reactor 
consists of a gas-tight chamber constructed of bricks, stone of poured concrete. Both the top and 
bottom of the reactor are hemispherical, and are joined together by straight sides. The inside 
surface is sealed by many thin layers of mortar to make it gas tight, although in the old type 
digesters gas leakage through the dome was often a major problem. This was changed in the new 
Chinese type of design. The digester is fed semi-continuously (i.e. once a day).  The inlet pipe is 
straight and ends at mid-level in the digester. There is manhole plug at the top of the digester to 
facilitate entrance for cleaning, and the gas outlet pipe exits from the manhole cover (Uri, 
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1992).The gas produced during digestion is stored under the dome and displaces some of the 
slurry in the digester into the effluent chamber, as the gas pressure increases with the volume of 
gas stored. This creates quite high structural forces and is the reason that the reactor has a 
hemispherical top and bottom (ibid.). 
 
The advantages of this system are the relatively low construction costs and the absence of 
moving parts and rusting steel parts. If the fixed-dome digesters are well-constructed according 
to their specifications, they will serve for a longer time. The underground construction saves 
space and protects the digester from temperature changes. The construction provides 
opportunities for skilled local employment (ESCAP, 2007). The disadvantages are mainly the 
frequent problems with the gas-tightness of the brickwork gas holder, where even a small crack 
in the upper brickwork can cause a heavy loss of biogas. Therefore, fixed-dome plants are 
recommended only where construction can be supervised by experienced biogas technicians. The 
gas pressure fluctuates substantially depending on the volume of the stored gas. Even though the 
underground construction buffers temperature extremes, digester temperatures are low (ESCAP, 
2007). 
 
Floating Dome (Indian of KVIC Design): In 1950, Patel designed a plant with a floating gas 
holder which caused renewed interest in bio-gas in India. The Khadi and Village Industries 
Commission (KVIC) of Bombay began using the Patel model biogas plant in a planned program 
in 1962, and since then it has made a number of improvements in the design (Uri, 1992). 
 
Floating-drum plants consist of an underground digester and a moving gasholder. The gasholder 
floats either directly on the fermentation slurry or in a water jacket of its own. The gas is 
collected in the gas drum, which rises or moves down, according to the account of gas stored. 
The gas drum is prevented from tilting by a guiding frame. If the drum floats in a water jacket, it 
cannot get stuck, even in substrate with a high solid content (ESCAP, 2007). 
The drum was originally made of mild steel until fiberglass reinforced plastic (FRO) was 
introduced successfully, to overcome the problem of corrosion. Nearly all new digesters are 
equipped with FRP gasholders. The floating dome design, upon which the KVIC model is based, 
is used extensively throughout the world. The reactor wall and bottom are usually constructed of 
brick, though reinforced concrete is sometimes used. The gas produced in the digester is trapped 
under a floating cover, which rises and falls on a central guide. The volume of the gas cover is 
approximately 50% of the total daily gas production. The reactor is fed semi-continuously 
through an inlet pipe, and displaces an equal amount of slurry through an outlet pipe. When the 
reactor has a high height: diameter ratio, a central baffle is included to prevent short circuiting 
(Uri, 1992). 
 
The main advantage of this system is its simple, easy operation, as the volume of stored gas is 
directly visible to the user. The gas pressure is constant and determined by the weight of the gas 
holder. The construction is relatively easy and mistakes do not lead to major problems in 
operation or gas yield. The disadvantages are high material costs of the steel drum and the 
susceptibility of steel parts (ESCAP, 2007).  
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2.5.3 Biogas Production 
 

2.5.3.1 Basic Stages of Biogas Production 
 
Biogas production refers to various reaction and interactions that takes place among the 
methanogens, non-methanogens and substrates fed into the digester. It is a complex biological 
and physic-chemical process involving different factors and stages of change. The consecutive 
processes of digestion are indicated in three stages below.  
 
Hydrolysis: It is the first stage in which large molecular complex substances are broken down 
into simpler ones with the help of extracellular enzyme released by the bacteria. This stage is 
also known as polymer breakdown stage. For example, the cellulose consisting of polymerized 
glucose is broken down to monomeric sugar molecules (glucose) by cellulolytic bacteria (FAO, 
1996). 
  
 Acidification: The monomers such as glucose which are produced in hydrolysis process are 
fermented under anaerobic condition into various acids with the help of enzymes produced by 
the acid forming bacteria. At this stage, the acid-forming bacteria break down molecules of six 
atoms of carbon (glucose) into molecules of less atoms of carbon (acids) which are in a more 
reduced state than glucose. The main acids produced are acetic acid, propionic acid, butric acid 
and ethanol (FAO, 1996). 
 
Methanization: This is the third stage in which the acids produced in the acidification process are 
processed by methanogenic bacteria to produce methane. The reaction that takes place in the 
process of methane production is called Methanization and is expressed by the following 
equations (Karki and Dixit, 1984): 

 
CH3COOH                � CH4                      +CO2 
Acetic acid                    Methane                Carbon dioxide 
 

2CH3CH2OH            �CO2                       +CH4                  +2CH3COOH 
Ethanol                       Carbon dioxide       Methane              Acetic acid 
 

CO2                             +4H2                �CH4                       +2H2O 
Carbon dioxide             Hydrogen          Methane                  Water 

 

The above process shows that many products, by-products and intermediate products are 
produced in the process of digestion in anaerobic conditions before the final methane is produced 
and the production of methane can be represented by the following stoichiometric equation. 
  
 CaHbOcNd + (4a-b-2c+3d) H2O  (4a+b-2c-3d) CH4+ (4a-b-2c+3d) CO2 +dNH3 
                               4                                      8                               8       
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2.5.3.2 Factors Affecting Biogas Production 

 
C/N Ratio: The relationship between the amount of carbon and nitrogen present in organic 
materials is expressed in terms of the Carbon/Nitrogen (C/N) ratio. A C/N ratio ranging from 20 
to 30 is considered to be optimal for anaerobic digestion (FAO, 1996). If the C/N ratio is very 
high, the nitrogen will be consumed rapidly by methanogens for meeting their protein 
requirements and will no longer react on the left over carbon content of the material. As a result, 
gas production will be low. On the other hand, if the C/N ratio is very low, nitrogen will be 
liberated and accumulated in the form of ammonia. Ammonia will increase the pH value of the 
content in the digester and consequently the activities of methanogenic bacteria are reduced 
significantly. The cattle dung has an average C/N ratio of about 24, so it is favorable for 
methanogenic bacteria as it is in the recommended range. The plant materials such as straw and 
sawdust contain a higher percentage of carbon.  
 
pH value: The optimum biogas production is achieved when the pH value of input slurry in the 
digester is between 6 and 7. The pH in a biogas digester is also a function of the retention time. 
In the initial period of fermentation, as large amounts of organic acids are produced by acid 
forming bacteria, the pH inside the digester can be decreased. This inhibits or even stops the 
digestion or fermentation process. Methanogenic bacteria are very sensitive to pH and do not 
flourish below a value of 6.5. Later, as the digestion process continues, concentration of 
ammonia increases due to digestion of nitrogen which can increase the pH value to above 8, 
(FAO, 1996).  
 
Temperature: One of the most important factors affecting biogas production is the temperature. 
The methanogens are inactive in extreme high and low temperatures. The optimum temperature 
for methane producing bacteria is about 35 0C. When the ambient temperature goes down to 10 
0C, gas production virtually stops. Satisfactory gas production takes place in the mesophilic 
range, between 25 0C to 30 0C (Lund et al., 1996).  
 
There are various methods of increasing gas production by increasing slurry temperature, 
especially in winter months. Proper insulation of digester helps to increase gas production in the 
cold season. Some of them are pilling compost on the biogas plant and heating the feeding dung 
by solar radiation (Govinda, 2003). 
 

Insulation of dome with compost is one of the best methods for heat generation for smaller dome 
type biogas plants. A compost pile can generate significant amount of heat from decomposition 
of organic materials such as agricultural residue, straw, grasses etc. Decomposition can be 
accelerated by the addition of water with effluent from the plant. The effect of compost for heat 
generation greatly varies with the height of the compost pile and the time it takes to decompose. 
The compost should pile on the top of the plant for insulation. Practical experiment on GGC 
model in Nepal showed that the temperature of the slurry inside the digester, on which the 
compost is piled have increased by 2 0C in the biogas digester. Similarly, the gas production was 
increased by about 22- 51% depending on the climatic condition of the area (Govinda, 2003).  
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In Nepal, the effect of solar radiation on biogas production was also tested. The influent prepared 
in the morning is warmed in the mixing chamber under the sun by covering with a plastic sheet 
and let the influent enter inside the digester at about 2-3 p.m. This process confirmed that the 
production of biogas can be increased by 5-8% (GPD, 2003).  
 
Loading rate: Loading rate is the amount of substrate fed per unit volume of digester capacity 
per day. If the plant is overfed, acids will accumulate and methane production will be inhibited. 
Similarly, if the plant is underfed, the gas production will also be low (FAO, 1996).  
 
Retention time: Retention time is the average period that the given quantity of slurry remains in 
the digester to be acted upon by the methanogens. In a cow dung plant, the retention time is 
calculated by dividing the total volume of the digester by the volume of inputs added daily. It 
depends on the climatic conditions of areas where the biogas plant is installed and the amount of 
raw feeding materials. The retention time is also dependent on the temperature, the higher the 
temperature, the lower the retention time for a specific amount of daily biogas production 
(Lagrange, 1979).  
  
 

Toxicity: Mineral ions, heavy metals and the detergents are some of the toxic materials that 
inhibit the normal growth of pathogens in the digester. Small quantity of mineral ions (e.g. 
sodium, potassium, calcium, magnesium, ammonium and sulphur) also stimulates the growth of 
bacteria, while very high concentration of these ions will have toxic effect. Similarly, heavy 
metals such as copper, nickel, chromium, zinc, lead, etc. in small quantities are essential for the 
growth of bacteria but their higher concentration has toxic effects. Likewise, detergents including 
soap, antibiotics, organic solvents, etc. inhibit the activities of methane producing bacteria and 
addition of these substances in the digester should be avoided (FAO, 1996). Some of the 
chemicals with their lower inhibiting concentrations level are indicated in Table 3. 
 
Table 3: Toxic levels of various inhibitors (FAO, 1996) 
 

Toxic levels of various inhibitors 

Inhibitors Inhabiting Concentration 

Sulphate (SO4- - )  5,000 ppm 

Sodium Chloride (NaCl)  40,000 ppm 

Nitrate (Calculated as N)  0.05 mg/ml 

Copper (Cu++ )  100 mg/l 

Chromium (Cr+++ )  200 mg/l 

Nickel (Ni+++ )  200 - 500 mg/l 

Sodium (Na+ )  3,500 - 5,500 mg/l 

Potassium (K+ )  2,500 - 4,500 mg/l 

Calcium (Ca++ )  2,500 - 4,500 mg/l 

Magnesium (Mg++ )  1,000 - 1,500 mg/l 

Manganese (Mn++ )  Above 1,500 mg/l 

 

2.5.4 Benefits of Biogas Digesters 
 
The biogas digester technology is an appropriate resource for rural development in several 
reasons. Like traditional biomass energy sources, biogas can be produced using indigenous 
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technology and locally available resources. Yet, biogas poses significant economic, 
environmental, and health benefits compared to traditional energy sources. Biogas digester 
systems have been shown to considerably enhance energy efficiency and agricultural 
productivity; as a result, a digester can increase a rural household’s income and living standards. 
Biogas digester systems provide a reliable renewable energy resource that can be used for 
cooking, heating and lighting. Access to biogas also significantly reduces the need for 
conventional energy sources such as fuelwood, which degrades forest resources and decreases 
required hours of strenuous labor to collect biomass energy sources. 
 
As discussed earlier, the anaerobic digestion process does not convert all of the organic material 
in the process into biogas. Material that is not converted is known as sludge, and is an effective 
organic fertilizer that can significantly enhance a farm’s productivity (compared to conventional 
application of animal and human wastes). Therefore, biogas digesters produce high grade 
fertilizers, which has been shown to be both saver and more productive than the original manure 
(EWB, 2004). Application of biogas digester sludge increase agricultural productivity due to it 
being rich in humus, nitrogen, phosphorus, and potassium. Further, sludge can significantly 
reduce farm reliance on expensive artificial fertilizers. 
 
In the study conducted by Center for Energy and Environmental Policy (CEEP) at the University 
of Delaware compared rural Chinese farmers using biogas digester technology with farmers 
using traditional energy sources on a variety of socio-economic and environmental variables 
(Byrne et al., 2004). According to this results, net household income of loaning farmers using 
biogas digester systems are on average 3 times greater than those using traditional agricultural 
systems. 
 
As mentioned above, the traditional biomass and/or coal cook stoves that are predominantly used 
for cooking and heating rural developing countries are often partially or completely unventilated; 
thus, producing high levels of noxious indoor air pollution (Melissa, 2000). But here in addition 
to providing cheap fuel, improving farm productivity, and increasing household income, the use 
of biogas digester systems can significantly increase a rural farmer’s environmental and health 
conditions. Major environmental and health benefits gained from biogas digesters include 
reductions indoor air pollution, water contamination, and deforestation.  
 
Inadequate investment in basic water supply and water treatment infrastructure, coupled with 
traditional farming practices, has resulted in widespread water pollution in rural world. For 
instance, the result of inadequate sewage treatment and fertilizing farm land with raw animal and 
human wastes has led to an estimated 86% of rural Chinese consuming during water 
contaminated with levels o animal and human excreta that exceed the WHO’s maximum 
permissible levels (Wu et al., 1999). The use of the biogas digester system can help improve this 
problem through effectively destroying parasite eggs and pathogens in human and animal wastes 
during the anaerobic digestion process. Water pollution from increased chemical fertilizer use is 
also a major source of rural Chine’s water pollution problem. 
 
However, this practice can lead to surface water contamination, soil degradation, and species loss 
(Bodley, 2000). The sludge produced by the biogas digester is environmentally benign and 
contains large amounts of nitrogen and phosphorus; thus, its application as a fertilizer can help 
supplement or eliminate the use chemical fertilizers (EWB, 2004). 
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2.5.5. History and Current Status of Biogas in Ethiopia 
 
Biogas technology was introduced in Ethiopia as early as 1979, when the first batch type digester 
was constructed at Ambo Agricultural College. Attempting to alleviate the impact of the energy 
crisis of the 70s, the Ethiopian Rural Energy Development and Promotion Centre introduced new 
and renewable energy into rural areas of the country. In the last two and half decades around 
1000 biogas plants, ranging in size from 2.5 m3 to 200 m3, were constructed in households, 
community and governmental institutions in various parts of the country (EREDPC, 2006). 
Many of the biogas plants were built by the government mainly for demonstration purposes 
without follow-up structure in place, variations in design, and the absence of a standardized 
biogas technology. Presently approximately 40% of the biogas plants that were constructed are 
not operational due to lack of effective management and follow-up, technical problems, loss of 
interest, reduced animal holdings, evacuation of ownership, water problems etc. (Eshete et al., 
2006). 
 
Dissemination of biogas in Ethiopia can be grouped in two approaches. The older approach, 
mainly practiced by government agencies (EREDPC, Bureaus of Energy and Bureaus of 
Agriculture), could be characterized as a standalone, technology driven. The objective often is to 
pilot/demonstrate the technology in certain areas of the country. The newer methodology, 
practiced in particular by World Vision, would then be more a development approach in which 
households are offered a full development package that would serve as a springboard towards a 
happy and self sufficient life (SESAM, 2008). 

2.5.5.1. Institutional Biogas Plants  
 
According to the survey conducted by GTZ on current status of institutional biogas systems 
installed in Ethiopia, there are as many as 120 institutional biogas systems installed in different 
parts of the country. The institutional biogas plants constitute educational institutions 
(schools/universities/colleges), farms, slaughter houses, prisons, hospitals, hotels, children’s 
villages & orphanages, care centers, religious convents, and others. 
 
Most of these biogas (84%) system designs were of the fixed dome type while the rest (16%) 
were floating drums which are built in the early years of dissemination/introduction of the 
technology to the country. The biogas plants were installed mainly for cooking and other uses, 
for instance lighting, agricultural fertilizer, waste stabilization (sanitation), and demonstration 
and so on. Of the total institutions biogas plants, 53% were functional and 47% were non-
functional. Even the functioning plants are underutilized relative to their potential designs (GTZ, 
2009). 
 
The causes for most plants being non-functional are mainly due to users/owners who lack skill to 
operate and maintain in case of failure, lack of ownership and poor management, los and 
improper feeding into the digesters. The causes are technical issues like bad design and poor 
workmanship in the whole construction, lack of training on how to operate for users while 
delivering the system and poor design to accommodate the energy demand with available feed 
material.  
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According to the national survey, the reason for underutilization of the digesters might be 
attributed to several factors such as mismatch in digester design/volume relative to the daily gas 
demand of institutions, unwillingness to use the biogas, wearing and damage of appliances used, 
bad smell of biogas due to leakage, poor management lack of ownership of the biogas system, 
frequent failure of the system and dissatisfaction with using the biogas.  
 
The installed biogas plants were designed to be fed basically with human excreta (connected 
with toilets), animal dung and droppings from cattle, pig, sheep and goat, kitchen waste from the 
institution’s cafeteria or kitchen. Other feed materials like animal cud from slaughter houses and 
also some institutions do feed chopped leaves and grasses (GTZ, 2009). 
 

2.5.5.2. Rural Household Biogas Plants 
 
Anaerobic technologies of the domestic biogas plants are not widespread in Ethiopia. In 1991, 
the EEA reported 103 biogas installations constructed by 9 different institutions/organizations 
(Nega, 1995).  Early 2000, reports indicate less than 350 household digesters (up to 30 m3), 6 
community bio-latrines, and bio-digester septic tanks (EREDPC, 2006). In addition, EREDPC 
mentions the introduction of the cheaper plastic bag biogas plants (Eshete et al., 2004). Recently, 
World Vision Ethiopia introduced biogas under its Appropriate Agricultural Technology 
Promotion Initiative (AATPE). So far, some 150 plants have been constructed (or are in the 
process of being so). In all, the total number of domestic biogas plants would be in the range of 
600 to 700 installations (Nega, 1995).   
 
Of the total domestic biogas installed in Ethiopia, 44% are the fixed dome designed digester, and 
were contributed by the World Vision AATPI programme, Christopher Kellner Lupo programme 
and the Evangelical church of Ethiopia. The remaining 66% are floating drum designed digesters 
and were constructed by the government of Ethiopia for demonstration purposes. Most of the 
older plants were government-built floating drum installations and the youngest installations 
were the fixed dome plants, constructed with the support of the AATPI programme of World 
Vision (Eshete et al., 2006).   
 
According to the 2006 sample survey conducted by the National Biogas programme of Ethiopia, 
around 60% of the biogas plants are not functional, i.e. they could not generate gas. Of the fixed 
dome and floating drum installations, 68% and 16% are functioning respectively which indicates 
that fixed dome plant are significantly better than floating drum installations for Ethiopia (Eshete 
et al., 2006).   
 
According to the National Biogas programme of Ethiopia study (2006), the main causes for non-
functioning of most of the domestic biogas installations are technical problems mainly of 
unprotected pipe lines damaged by cattle, broken stoves and biogas lumps. The nearby total 
absence of technical guck-up services also aggravates the impacts of minor problems; many of 
the problems could be solved with less than half a day work of a skilled technician with little 
maintenance cost. 
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2.5.5.3 Biogas Used Appliances of Ethiopia 
 

Cooking stoves: Households where biogas plants are functional are using the produced gas for 
cooking and lighting. Cooking particularly of wot (sauce for injera), coffee and boiling hot 
water. Most farmers have one single stove, few in addition a larger one for baking local bread. 
Stoves are of local (no-brand) origin, manufactured locally, or imported from India. Many older 
locally produced stoves are heavily corroded, only a few has an adjustable primary air intake. 
Due to gas leakage problems, some of the floating dram plans do not have the required/designed 
pressures in order to make them fully functional. As a result of these snags, many stoves of 
biogas plants do not serve with their optimum capacity (Eshete et al., 2006).  
 

Most of the farmers having biogas digesters show limited understanding of the working of the 
installation and repairing. As a result, plants would stop functioning as a result of a minor issue 
as simple as water being trapped in the pipeline, i.e. farmers could not have the skill to install 
and maintain water traps. Dried-up substrate in digesters, as a result of temporary water 
shortages, is also another maintenance problem frequently observed, particularly with the 
floating drum installations (low pressure, difficult to remove the drum). Clearly, the situation is 
further aggravated by the absence of technical back-up and spares parts (Eshete et al., 2006).    
              
Biogas Lamp: In rural Ethiopia, almost none of the households have access to electricity. 
Illumination is done mostly by kerosene (‘’mash’’ pressure lamp and simple ‘’kuraz’’ wick 
lamps) and to a lesser extent with candles and battery lamps. Therefore, these biogas lamps are 
highly appreciated where households have working lamps with good generating capacity. 
 
Mostly most of the biogas plants are fed with their raw materials and take care of by the children, 
in order for them to have light in the evening. Subsequently, it is being observed that the interest 
in the biogas plant declined as biogas lamp stopped functioning. As the kerosene pressure lamp 
is well introduced in rural Ethiopia, mantles (that are used both for the ‘’Masho’’ kerosene 
pressure lamp and the biogas lamp) are widely available in the market. Mantles are very fragile; 
household reported to replace them weekly to monthly. The existing biogas lamps are all 
(duplicates) of Indian design. Most of the glasses are broken, and often replaced by mesh wire. 
Nearly without exception, the biogas lamps are not in good state of repair, with many non-
functioning (Eshete et al., 2006). 
 

2.5.6 The Potential of Biogas in Ethiopia  
 

2.5.6.1 Technical Biogas Potential in Four Regions of Ethiopia 
 

The livestock population in Ethiopia is the second largest in Africa, and ninth in the world. 
Livestock includes over 49.3 million cattle, 30 million small ruminants, 1 million camels and 4.5 
million equines (like or characteristics of horses). Of the total cattle population, more than 82% 
is found in the age of one and above. Animal husbandry has a significant contribution to the 
livelihoods of 80% of the rural population. Livestock is an integral part of the farming system 
and is highly linked to land/soil and water resource management (CSA, 2009).  
Basically, from 11.2 million households which are resident in the four major regions (Figure 15), 
namely Amhara, SNNPS, Oromia and Tigray of Ethiopia, nearly 8.7 million households (78%) 
are keeping cattle. Out of these 8.7 million cattle holdings, nearly 5 million (57%) are holding 4 
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cattle and more. Country wide, 71% of the rural households live within 20 to 30 minutes walking 
from a water source. The high technical potential for domestic biomass in the country hence is 
estimated on some 3.6 million households. On average, 20% of the households in the four 
regions have access to safe water. The low technical potential for domestic biogas would amount 
to approximately 1.1 million households (SESAM, 2008).   

 

 

                                   Figure 15: Map of the four regions of Ethiopia 
 
Technical resource considerations include the availability of a constant supply of manure, the 
availability of water with which to dilute the manure, the suitability of the ambient temperature, 
and the availability of sufficient space for effluent disposal and usage. Table 4 presents an 
overview of the technical data for the main four regions of Ethiopia. 
 
Table 4: Technical Biogas Potential for the four major regions of Ethiopia (NBP of Ethiopia, 
programme Implementation Document, 2008) 
 
Zone Area(k

m) 

Households Cattle 

holdings 

Cattle 

population 

%Cattle 

holding 

Average 

cattle 

holding/hh 

Cattle 

holding<4 

Cattle 

holding≥ 4 

(%) Share 

of cattle 

holding ≥4 

 

Amhara 148509 3194754 2574836 10275527 81 4 1587506 1110264 43 

Oromia 328939 4584213 3594072 18575227 79 5.2 799379 2787099 78 

SNNPRS 112217 2688970 2009680 8815689 75 4.4 1213824 758760 38 

Tigray 50182 724964 559334 2665129 77 4.8 284879 290733 52 

Total 639846 11172901 8737922 40331572 78 4.6 3885588 4946856 57 

 
Availability of manure: Cattle are an integrated part of the farming systems in most parts of the 
country especially in the highlands of Ethiopia. Although on average 77% of agricultural holders 
in Ethiopia own cattle, the proportion varies widely throughout the country. Cattle-owning 
smallholders are common in the highlands but ownership varies widely due to household and 
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local resource constraints. In Ethiopia, cattle are used for milk, beef, draft power, and breeding. 
In view of the low level of mechanization and chemical fertilizer usage, it will be quite 
impossible for most rural households to farm without cattle. Under the current holding regime, 
sedentary rural households would need at least 4 cattle stabled during the night to get the 
minimum 20 kg of fresh animal dung per plant per day required to produce enough gas for 
cooking or lighting. As it has been seen from table 3, 57% of the households have at least 4 cattle 
(Workneh et al., 2008). 
 
Collection of urine and availability of water: Urine can be collected and used for feeding the 
biogas plant and replaces the daily amount of water required. However, the type of stable floor 
commonly used in Ethiopia does not allow for urine collection. The collection of urine will 
however be promoted and rural households will be encouraged to voluntary construct a low-cost 
stable floor suitable for urine collection from the cattle. Availability of water is mainly area 
dependent, and in most parts of Ethiopia, recurrent droughts have to be taken into consideration. 
Although, a comprehensive national groundwater resources study has not been conducted, some 
surveys suggest that there is ample groundwater potential in many parts of Ethiopia. 
Additionally, there are many locations where permanent rivers and streams flow in the highlands 
of Ethiopia. Fetching water required to mix with the daily input of 20 kg fresh dung should not 
take more than 20 to 30 minutes. There are definitely many farm locations that meet this 
requirement, but there will also be many that do not. Careful and strict selection of the locations 
for the installation of the biogas plants should be carried out (Workneh et al., 2008). 
 
Conducive temperature: The temperature patterns vary widely because of Ethiopia is located 
location in the tropics and its diverse topography. In general, the highlands above 1500 m enjoy a 
pleasant, temperate climate, with daytime temperatures between 16°C and 30°C and cool nights. 
In areas below 1,500 m, such as large river valleys, depression areas, the southeast and parts of 
the southern and western borderlands of the country, daytime temperatures range from very 
warm (30°C) to hot (over 50°C), sometimes accompanied by high humidity. However, night 
temperatures may drop to 10oC or slightly lower during the rainy season in areas with altitudes of 
more than 2500 m above sea level (Workneh et al., 2008).  Physical space required on the farms 
for the construction of biogas plants is not also a limiting factor in Ethiopia. Most rural 
households have gardens in their backyard.  
 
Slurry: With continuous cropping activities, organic material and nitrogen is rapidly getting 
depleted; phosphorous and other nutrients reserves get depleted slowly but steadily (Borlaugh & 
Dowswell, 1995). As mentioned before, the fuel wood deficit is increasingly being made up for 
by substituting with dung and crop residues, thus leading to a drastic decline in the use of animal 
manure and crop residues for fertility improvement. With the 9th largest cattle population in the 
world, Ethiopia can significantly benefit from this organic fertilizer if the energy sector in the 
rural areas is addressed properly. The slurry that is obtained after extraction of the energy content 
of the dung is an excellent fertilizer. Rich in nitrogen, phosphorous, potassium and humus, 
supporting general soil quality as well as higher crop yields (Marhain, 1992).   
 
Traditionally, many of the rural households in the highland parts of Ethiopia use dung as 
fertilizer. Unfortunately, shortage of energy for cooking increasingly forced many of the 
households to use dung as energy source. Although chemical fertilizer has been widely 
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promoted, only around 33% of the rural households in Ethiopia used fertilizer in 1995 (CSA, 
1999). Fertilizer utilization increased from 105,000 tons in 1990/91 to 346,000 tons in 2004/05,  
(EARTHTRENDs, 2003). However, application rates are mostly well below the recommended 
rates (200 kg per ha according to the latest recommendations).  
 
Due to the decomposition and breakdown of parts of its organic content, digested dung provides 
fast-acting nutrients that easily enter into the soil solution, thus becoming immediately available 
to the plants. Crop yields are generally acknowledged to be higher following fertilization with 
slurry. Most vegetable crops and many types of fruit like oranges, apples, guavas and mangos 
and others  appear to react favourably to slurry fertilization. Slurry is also a good fertilizer for 
pastures and meadows, (Marhain, 1992). Therefore, biogas technology is the proper potential to 
support both energy supply and productivity increase in the rural households of Ethiopia. 
 

2.5.6.2 Livestock Potential in the Amhara Region 
 

With rapidly increasing of population, cultivation is expanding in the region. Marginal and steep 
lands are increasingly being brought under cultivation, leading to accelerated soil erosion and to 
declining and more   variable crop yields. Expanding cultivation is taking place at the expense of 
land under communal use rights on which most of the woody biomass resources are located, 
leading to changes in the supply of these resources. These changes have important implication 
for the household energy supply pattern and indoor air pollution conditions of the population. 
Use of dung as fuel precludes its use as manure, whilst the use of residues as a fuel precludes 
their use as livestock feed. This leads in turn to breaches in the cycling of soil nutrients, in 
particular nitrogen and phosphorous, resulting in declining soil fertility and thus in declining 
crop yields (Amdeberhan, 2003). 
 
According to the feasibility study made in 2006 on biomass potential in Ethiopia (Eshete et al., 
2006), there are nearly 3.2 million households with a total number of cattle holding estimated at 
2.6 million in the Amhara Region. Nearly 81% of the households in the region own cattle with 
39% keeping four or more animals. 71% of the households of the region have water source 
access within l km, but only 23% of the population has safe water access.  
 
Thus, based on the figures in Table 5 and water source distance, the high technical potential for 
domestic biogas in the region is estimated to be 716,2741 installations, while based on safe water 
access, the low technical potential would amount 232,0322 installations.  
 
 
 
 
 
 
 
 
 
 
1
Calculated as total cattle holdings (≥ 4 cattle) multiplied by percentage of water access within 1 km (71%) 

2
Calculated as total cattle holdings (≥ 4 cattle) multiplied by percentage of safe water access (23%). 
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Table 5: Technical Biogas Potential in the Amhara Region (Eshete et al., 2008) 
 

Zone Area(km) 
Househol

ds 
Cattle 

holding 
Cattle 

population 
%Cattle 
holding 

Average 
cattle 

holding/hh 

Cattle 
holding<4 

Cattle 
holding ≥ 4 

Share of 
cattle 

holding ≥4 
 

Awi 6346 175494 137552 638869 78 4.6 0 137552 100 

East Gojam 14186 406823 333321 1257843 82 3.8 207136 126185 38 

North Gondar 45486 462119 375422 1931400 81 5.1 85427 289995 77 

North Shewa 16077 369828 287843 1018055 78 3.5 240700 47143 16 

North Wollo 12702 324963 253403 910491 78 3.6 187463 65940 26 

South Gondar 14607 407519 336299 1181472 83 3.5 300694 35605 11 

South Wollo 17212 553574 441555 1582857 80 3.6 415106 26449 6 

Wag Hemira 8479 80546 61467 355056 76 5.8 0 61467 100 

West Gojam 13413 413888 347974 1399484 84 4 129473 218501 63 

Total Amhara 148509 3194754 2574836 10275527 81 4 1565999 1008837 39 

 
Livestock production is the main component of the economy of the Amhara Region. Its 
contribution to agricultural output in value terms is estimated at 20-30% (CEDEP, 1999). This 
sector provides food, fiber, finance, employment, draft power, manure and means of transport. 
Thus, livestock is act as a major source of income and security for most of the households of the 
rural Amhara Region. Comparing with other regions in Ethiopia, Amhara Region stands first in 
the number if goats, second in cattle, asses, horses and poultry (CSA, 1998). Livestock in the 
region provide about 16.4 million metric ton of manure annually, equivalent to 114 thousand 
tons of nitrogen which is used primarily for traditional energy rather than manure (CESEP, 
1999).  

3. DATA ANALYSIS AND METHODS 
 

3.1 Description of the Survey Area 
 
Woreta zuria, the survey area is a rural village around Woreta town, the capital of Fogera 

woreda. It is found at 625 km from Addis Ababa, the capital city of Ethiopia and 55 km from 
Bahir Dar, the capital of the Amhara region and is located between 11055’N latitude and 37042’ 
E longitude with an elevation of 1828 m above sea level (Figure 16) (Wikipedia, 2011).  
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 Figure16: Location of Woreta Zuria within the Amhara Region of Ethiopia 
                Coordinates: 11055’N 37042’E 
 
The climate is characterized by warm temperature with unimodal rainy season. The average 
yearly minimum and maximum temperatures (Figure 17) are 12.60 0C and 27.90 0C respectively 
(NWZMS, 2004). According to the Woreta Town Agricultural Office, the total human population 
of the village is about 5232 of which 2685 are males and 2547 are females. The total number of 
households of the village is 1052 with an average family size of five. Over 90% of the 
community members are dependent on subsistence agriculture. The farming system is 
characterized as mixed crop-livestock production system.  

                                                                                 

 

Figure 17: Monthly Average minimum and maximum temperature (0C) at Woreta station (data 
compiled for 10 years). 

 
Woreta Zuria is inhibited by farmers, which are classified as very poor, which indirectly shows 
that there are no electrical equipments that need power. The village is not connected with 
electrical grid and all the energy supplied for cooking, heating and lighting purposes are from 
traditional biomass sources as other rural Ethiopians do.  
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3.2 Methodology 

 
The case study for this project is a household which has got family member of five which is 
estimated in such a way that the average family member for a single house in rural part of the 
Amhara region is 4.5 people (Wikipedia, 2010). 
 
The major source of data for this analysis was the result of household survey conducted within 
Woreta Zurea village in which it is intended to be the beneficiary. The procedure employed in 
the survey was first 15 households were selected by systematic sampling method, to collect data 
by type and sources of energy for domestic use. After a random number between 1 and 70 has 
been picked up, 15 households were selected every 70th interval.   
 
The total daily traditional energy use of the household from different energy sources was 
summarized to the same energy unit (MJ), using their respective lower heating values and it was 
considered as a daily energy load to estimate the equivalent daily amount of biogas energy. 
Based on this equivalent amount of biogas, the amount of feedstock required and the size of 
biogas plant are estimated. 
 
Costs are estimated for the installation of the biogas plant, latrine and other related costs, while 
benefits of the biogas plant are considered in regard to mainly fuel and fuel related savings, bio-
slurry, health and environment. Estimating costs and benefits of the biogas plant is the 
methodology which is used further for financial and economic analysis of the proposed biogas 
plant at the household level. 
 
Financial and economic analysis is also performed to decide whether the household benefits 
from the installation of the biogas plant. This analysis describes the direct financial costs and 
benefits from the biogas plant installation. But in the case of economic analysis, other costs and 
benefits, like environmental benefits can be considered in addition to the financial one (Renwick 
et al., 2007). The basic underlying assumption of financial and economic analysis is that 
households will adopt a new technology only if they expect to have a positive impact in their 
financial situation. In the financial analysis of biogas plants, in the present case, all costs and 
benefits are valued from the point of view of the user.  
 
The net present value (NPV) and the internal rate of return (IRR) are the methods employed for 
financial and economic analysis. Net present value is suitable for analyzing the relative viability 
of the project, i.e. it can tell us whether the project is more economical than others (Lumby and 
Jones, 2003). Therefore, applying the net present value method for the biogas plant investment at 
the household level, the investment can be considered as profitable if its NPV is positive. The net 
present value (NPV) can be calculated using 8% discount rate which is the maximum interest 
rate of Commercial Banks in Ethiopia (Kiyota et al., 2007).  
 

The other method which can be applied for the purpose of viability calculation is the internal rate 
of return (IRR). It is the discount rate at which the present value of the cost is equal to the 
present value of the benefit. In other words, it is the discount rate at which the net present value 
is zero (Lumby and Jones, 2003). This method is closely linked with the NPV-method and is 
recommendable for viability calculation for a single project. Hence, this method is used to 



 
 

46 

 

calculate both financial internal rate of return (FIRR) and economic internal rate of return 
(EIRR). Benefit-cost ratio (BCR) is also the other method for viability calculation of the biogas 
plant.  
 
Though a fixed dome type of biogas plant lasts for more than 20 years depending on the quality 
of construction materials and its operation and maintenance, the economic life span period of 
biogas plant is taken as 10 years mainly because any cost and benefit accrued after 10 years will 
have insignificant value when discounted to the present worth.  
 
Sensitivity analysis is conducted to assess how changes of different variables to the capital cost 
may influence the financial and economic returns of the biogas plant at household level. 

 

3.3 Current Traditional Energy Load and Biogas Demand 

3.3.1 Traditional Household Energy Consumption  
 
The study of this project did not intend to supply energy in the form of electricity, but it is simply 
to substitute the traditional biomass energy use by sustainable energy source, cattle dung, using 
biogas technology. So, first it is important to assess the existing energy consumption from 
different traditional energy sources for cooking including kerosene use for lighting in the 
household level. This can be considered as the current energy load of single household to be 
substituted by biogas in the rural village of Woreta Zuria. Since rural Ethiopians have a tradition 
of preparing their food daily, it is assumed that one week sampling period is enough to have 
better reliable data. Energy sources, daily energy consumption and fresh dung collected for 
selected households are indicated in Table 6. 
 
The actual weight of a bundle of wood was measured once using spring balance and the survey 
households were asked how many bundles they used at the end of the week. The dry dung cake 
consumed in each household was also measured using the same method by first measuring a 
local small sack of dung cake using spring balance for all heating and cooking activities in a 
week. The fresh dung was also measured directly in each household for all normal sized 
sedentary adult cattle. In the case of kerosene consumption, respondents were asked how much 
liters of kerosene are consumed instead of measuring directly each day of the week.  

Table 6: Household energy sources, daily energy consumption and fresh dung collected 
(December, 2010) 
 

Parameters Unit  hh  

1 

hh 2 hh 3 hh 4 hh  

5 

hh  

6 

hh  

7 

hh  

8 

hh   

9 

hh 

10 

hh 

11 

hh 

12 

hh 

13 

hh 

14 

hh 

15 

hh  members № 8 7 8 6 7 6 6 5 6 8 8 12 3 5 7 

No of cattle № 16 7 15 4 6 9 7 5 8 5 6 10 4 1 12 

Fuelwood consumed kg/day 9.0 10 9.5 4.75 9.5 9.5 6.79 5 8.14 9.5 9.5 9.5 4.75 8.14 5.4 

Kerosene consumed lit/day 0.12 0.14 0.10 0.14 0.10 0.08 0.17 0.14 0.08 0.14 0.15 0.14 0.15 0.13 0.13 

Dung cake consumed  kg/day 11.9 6.5 6.5 6.5 6.5 7.4 6.5 4 5.6 3.25 11.2 13 5.1 2.0 7.4 

Fresh dung dropped kg/day 130 65 135 38 54 80 70 44 80 41 48 90 40 10 110 
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.Some households were found using crop residues, such as maize talks and other crop residues as 
fuel sources mostly during the dry season. However, as these crop residues were not commonly 
used throughout the year, the amount was insignificant. Instead, they are often used more for 
animal feed than for energy purposes. Some are also producing charcoal but do not use it, instead 
they supply it for market to support their daily lives. Therefore, the consideration of both 
charcoal and crop residues as biomass fuel was excluded from the data.    

 
The daily average fresh dung from single cattle is around 9 kg. In most parts of Ethiopian cattle 
raring is open grazing and this makes difficult the collection of enough dung from cattle for the 
biogas production. But in the context of this study, I am very optimistic that the daily dung 
collected is from sedentary cattle. 
 
The other raw input for the domestic biogas plant can be collected from feces of human. This is 
done by attaching the latrine to the biogas digester. Attaching a latrine to the biogas plant 
significantly helps in improving the fermentation due to the nutrients content in the night soil. It 
not only helps in proper disposal of the night soil but increases the quality of gas and also the 
plant nutrients of the outlet slurry. From a medical point of view, the hygienic elimination of 
human excrement through the construction of latrines, connected directly to the biogas systems 
constitutes an important additional benefit. 
 
But it was difficult to estimate/measure the amount of feces per person per day in the survey area 
due to socio-cultural reasons and there is no available data sources in literatures in Ethiopia 
regarding human waste generated. In some other countries like Vietnam, the daily waste per 
person is estimated at 0.18-0.34 kg (Daniel et al., 2009). So, the daily average human waste per 
person is 0.26 kg and it can be taken the same for this study. For the household having five 
members we would have 1.3 kg of human waste.   

3.3.2 Current Household Energy Load  

 
Fuelwood and cattle dung cake are the two most dominant biomass fuel sources utilized by the 
households in the survey area. As it is shown in Table 7, the daily average per capita fuelwood 
and dung cake consumption of the survey households were 1.17 and 1.0 kg/day respectively. The 
per capita fuelwood consumption of the surveyed households shows a decrement almost by half 
as compared to 2.3 kg/day of the national estimate of World Bank in 1983 in Ethiopia, while the 
per capita dung cake consumption shows some increment as compared to 0.64 kg/day of the 
national estimate of World Bank. The reason for the decrement of fuelwood and increment of 
dung cake for domestic energy consumption might be due to the scarcity of the fuelwood and the 
dissemination of improved stoves by different governmental and non-governmental 
organizations. The average daily per capita kerosene consumption is around 0.026 liter/ day. 
 
In order to design a biogas plant which satisfies the energy needed for a household having 5 
members, we have to first calculate the daily energy consumption. In this study, we have average 
daily energy consumption of 5.9 kg/day fuelwood and 5.0 kg/day of dung cake for cooking and 
0.13 liter/day kerosene for lighting for the household (Table 7). The daily average kerosene use 
in single household of Woreta Zuria is somewhat lower than the national estimate (0.15 
liter/day) made in Ethiopia in 2003 (Heibel, 2003). 
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Table 7: Estimates of daily average per capita biomass fuel consumption 

Fuel type unit Application 
Total daily 

Consumption 

Total number 

of hh members 

Per capita daily 

consumption 

Daily average 

household 

consumption  

Fuelwood kg cooking 119 102 1.17 5.9 

Dung cake kg cooking 103 102 1.0 5.0 

Kerosene  liter lighting  2.65 102 0.026 0.13 

 
Hence, the different energy sources (fuelwood, dung cake and kerosene) consumed shall be 
summarized to the same energy unit by multiplying the daily household energy consumption by 
their respective heating values. This total amount of energy consumed by the household indicates 
the amount of biogas needed, amount of feedstock required and the size of biogas plant to be 
designed. As it is mentioned in previous section, agricultural residues and charcoal are found in 
the village, but the dwellers do not use, instead, the agricultural residues are fed for their animals 
and charcoal is supplied for market.  
 
The average lower heating value/energy content of wood in different literatures is indicated as 19 
MJ/kg and the lower heating value of dung cake is estimated around 12 MJ/kg (Energy 
Authority, 1993) while the lower heating value of kerosene is 35 MJ/liter (Leach and Gower, 
1987). The heating value of dung is usually lower than both wood and crop residues because it 
contains more inorganic material. Fresh dung is often contaminated with earth or grit, while it is 
often mixed with straw and other residues when it is dried.  
 
 
Table 8: Daily and annual household energy consumption by energy sources 

Fuel type Application 

Consumption per hh  
Lower 

heating 

value 

Energy consumption per hh 

(MJ) 

Daily  Annual  Daily  Annual  

Fuelwood cooking 5.9 kg 2154 19 MJ/kg 112.1 
40926 

Dung cake cooking 5.0 kg 1825 12 MJ/kg 60.0 
21900 
 

Kerosene lighting 0.13 liter 47.43 35 MJ/liter 4.6 
1660 

Total 176.7 64486 

 

From Table 8 we can observe that the total daily biomass energy consumption for cooking within 
the household of 5 family members is about 172.1 MJ (97.4%) of which fuelwood is 65.1% and 
dung cake 34.9%. This amount of energy comprises the energy used for baking Enjera, 
Ethiopian staple flat bread. Baking this Ethiopian staple flat bread is a very energy intensive and 
its utensil (‘Mitad’, made of clay soil traditionally) is not designed to use biogas or any other 
petroleum products, but in urban residents, some are designed to use electricity. So, further 
researches should be performed to improve the design and efficiency of the appliance of Enjera 

to use biogas as energy input.  
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Kerosene is a modern energy source for lighting, but a traditional system by the amount 4.6 MJ 
of daily consumption accounted for only 2.6% of the total daily energy use. The overall energy 
consumed from all energy sources aggregates to 176.7 MJ. But the useful energy use is going to 
be minimal as the energy efficiency of traditional energy system in rural Ethiopia is very low.    
 
As stated before (chapter 2.1.2.3), the efficiency of traditional biomass energy system with open 
firing is 5-10%. But the efficiency of biogas stove is 55% and only 3% in lamps using biogas. A 
biogas lamp is only half that efficient than a kerosene lamp, i.e. the efficiency of kerosene lamp 
is 1.5%. The most efficient way of using biogas is in a heat-power combination where 88% 
efficiency can be reached. This is only valid for larger installations and under the condition that 
the exhaust heat is recycled to maximize the profitability. Hence, for the poor of Ethiopian 
farmers the use of biogas in stoves is the best way of exploiting the energy from sustainable 
biomass energy sources like cattle dung (Sasse et al., 1991). 
 
Therefore, the daily end use/ useful energy consumption of traditional energy would be 17.21 
MJ, considering the maximum efficiency of 10% both for fuelwood and dung cake, while the 
energy consumption for lighting would be 70 kJ. As indicated in Table 9, only 17.28 MJ of the 
total energy is consumed efficiently, while the huge amount of energy amounted to 159.42 MJ is 
wasted due to traditional energy systems in rural areas which would be resulted in environmental 
degradation and health hazards. 

Table 9: Useful daily household energy consumption 

Fuel type Application 
Daily energy 

consumption (MJ) 
Efficiency (%) 

Useful 

energy(MJ) 

Fuelwood 
cooking 

112.1 10 11.21 

Dung cake 
cooking 

60.0 10 6.0 

Kerosene lighting 4.6 1.5 0.07 

Total 17.28 

 

The lower heating value (the number of MJ liberated by the complete combustion of one normal 
cubic meter of fuel) of methane is 35.8 MJ/m3n. But the lower heating value of biogas depends 
on the methane content and the methane content also varies according to the feeding material of 
the biogas digester. In the case of cattle manure, the methane content is mostly to be 65% (Basse, 
1988). Hence, the heating value of biogas consisting of 65% of methane and 35% of CO2 would 
be 23 MJ/m3n.

  

 

3.3.3 Determination of Biogas Demand  
 
The biogas demand is determined based on the present traditional biogas energy consumption to 
ascertain both the cooking and lighting energy need. This involves the conversion of the daily 
fuelwood, dry dung cake and kerosene energy consumptions into equivalent amount of biogas in 
cubic meter. For 5.9 kg of wood, 5.0 kg of dung cake and 0.13 liter of kerosene, the equivalent 
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amount of biogas in normal cubic meter is 0.89, 0.45 and 0.10 respectively ( Table 10). The total 
equivalent amount of biogas that should be supplied for the household is 1.44 m3n and the biogas 
plant which is going to be installed should produce the same amount. 
 
Table 10: Comparison of traditional biomass with biogas  

Fuel type 
Unit 

(u) 
Application 

Lower 

heating 

value 

Efficiency 

(%) 

Biogas 

equivalent 

m³n/u 

Daily consumption of 

a hh having  5 

members 

Daily 

biogas 

needed 

(m
3
n) 

Fuelwood kg cooking 19MJ/kg 10 0.15 5.9 kg 0.89 

Dung cake kg cooking 12MJ/kg 10 0.09 5.0 kg 0.45 

Kerosene liter lighting 35MJ/liter 1.5 0.76 0.13 liter 0.10 

Total 1.44 

 

4. DESIGNING AND DESCRIPTION OF A BIOGAS PLANT 
 
There are several types of small biogas plant designs but the fixed dome is the most commonly 
used one. It is a Chinese model biogas plant (also called drumless digester) which is consisted of 
an underground brick or stone masonry compartment (fermentation chamber) with a dome on the 
top for gas storage. This design eliminates the use of costlier mild steel gas holder which is 
susceptible to corrosion (FAO, 1996).  
 
It has advantages of being cheap to build and it has no moving parts or any metal parts. This will 
make the biogas digester last for a longer time compared to Floating biogas digesters, typically 
over 20 years. The plant is constructed underground, protecting it from physical damage and 
saving space.  The underground digester is protected from low temperatures at night and during 
cold seasons; sunshine and warm seasons so that it becomes less sensitive to seasonal 
temperature change. Fluctuations of temperature at any time in the digester will negatively 
influence the bacteriological processes (Sasse, 1988).  
 
The construction of fixed dome plants is labor-intensive, thus creating local employment.  The 
other advantage of fixed dome biogas plant is that most of the construction materials like sand, 
stone, bricks and others are available locally and skilled and unskilled human resources can also 
be found locally. For this study, it is proposed a fixed dome of Nepal model GGC-2047 but with 
a certain modification. The GGC-2047 fixed dome model has flat bottom of biogas digester but 
here it is modified to have a slope to the center to accumulate the inorganic solids which cannot 
be digested by bacteria (Renwick et al., 2007). 

 

4.1. Component Description of a Fixed Dome Biogas Plant  
 
In this fixed dome biogas digester design, there are eight main components which should be 
described. To have biogas produced from biomass, different parts of the plant should work 
properly together. The mix of dung and water (mixed in inlet or mixing chamber) passes through 
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the inlet pipe to the digester. This mixture of dung and water produces gas through digestion 
process in the digester and the produced gas is stored in the gas holder (top of dome). The gas is 
then supplied to the kitchen through the pipe line. The digested slurry passes out from digester to 
outlet tank (displacement chamber) and flows out to the nearby farmyard or compost pits through 
overflow opening in the outlet tank. The main components are indicated in numbers in Figure 18 
and are described below. 
 
1. Mixing Tank 

 

This is a cylindrical or rectangular tank used for making homogenous slurry by mixing the 
manure from domestic cattle with appropriate quantity of water. Thoroughly mixing of slurry 
before releasing it inside the digester, through the inlet, helps in increasing the efficiency of 
digestion. Normally a mixing device is installed inside the mixing tank for facilitating easy and 
faster mixing of manure with water to make slurry homogenous. But in the case of our study for 
the rural farmers, the mixing process in the mixing chamber will be accomplished manually with 
hands. The height of the base should be decided in such a manner that the floor of inlet tank 
(bottom) is at least some cm above the outlet overflow level of the slurry to avoid back flow of 
slurry (Eshete, 2006).  
 
2. Inlet Pipe 

 
It is a pipe used to transport the row material from the mixing tank to the digestion chamber and 
can be made from concrete, PVC or concrete. In order to prevent grit and stones not to inter the 
digestion chamber, inlet pipes are mostly recommended to be 3-5 cm higher than the tank bottom 
so that these solid materials will settle at the bottom. The tank also used as a pre-heater of the 
dung and water mix in the sun before entering the digester to facilitate the digestion process. The 
inlet pipe must be straight and its axis should, as far as possible, be directed into the centre of the 
digester to have a good mix inside the digester (Sasse, 1988).  
 
3. Digester 

 
It is generally cylindrical or spherically in shape and made up of bricks or stone with cement 
mortars. But in this study, the designed shape of the digester is cylindrical in shape. It is a 
structure where the digestion/fermentation of substrate takes place. The digester is also known as 
the ‘Fermentation Tank or Chamber’. 
 
 In a simple rural household biogas digester plant working under ambient temperature, the 
digester (fermentation chamber) is designed to hold slurry within a specified number of days of 
daily feeding. This is known as Retention Time (RT) of the biogas plant. The designed RT of 
these specified days is determined by the different temperature zones and amount of gas to be 
produced. The digester can be constructed of brick masonry, cement concrete or reinforced 
cement concrete or stone masonry or pre-fabricated cement concrete blocks. In fixed dome 

digesters, no partition wall is provided inside the digester as other biogas digester plants have.  
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4. Gas Storage Chamber 

 
This component is used for holding the gas after it leaves the digester. The gas connection is 
taken from the top of this holder to the gas burners or for any other purposes by suitable 
pipelines. The gas storage chamber is the integral and fixed part of the main unit of the plant in 
the case of fixed dome biogas digester plants. Therefore, the gas storage chamber of the fixed 
dome is made of the same building material as that of the main unit of the plant. The gas storage 
capacity of a family size fixed dome biogas digester plant should consider accommodating daily 
gas production in 24 hours.  
 
5. Heavy Slurry and Inorganic Solid Accumulator 

 
Situated on areas the floor of the animals shelters may be full of dirt, which gets mixed with the 
manure. In Ethiopia, most of the rural cattle are kept on muddy places so that it is expected that 
the dropped dung will be dirty. The collected manure is also may be kept on the unlined surface 
which has plenty of mud and dirt. Due to all these problems, the biogas plant always has some 
inorganic solids, which goes inside the digester along with the organic materials. The bacteria 
cannot digest the inorganic solids, and therefore settles down as a part of the bottom most layers 
inside the digester. The inorganic solids contain mud, ash, sand, gravel and other inorganic 
materials.  
 
The presence of too many inorganic solids in the digester can adversely affect the efficiency of 
the biogas plant. Therefore, to improve the efficiency and enhance the life of biogas plant it is 
advisable to empty even it in a specified period of its life time for thoroughly cleaning and 
washing it from inside and then reloading it with fresh slurry. 
 
6. Manhole  

 
It is a rectangular opening which is used as both to move the digested slurry to the outlet tank 
and entry to the digester for maintenance and cleaning purposes. In many other biogas plant 
designs, manhole and outlets are put at different places.  
 
7. Outlet Tank 

 
An outlet tank is usually provided in a fixed dome type of plant from where slurry in directly 
taken to the field or to a slurry pit through an opening (# 9 in Figure 18). The digested slurry is 
displaced to the outlet tank, also known as displacement/hydraulic/ compensation chamber, by 
virtue of the pressure of biogas produced in the digester and stored in the gas holder. Some fixed 
dome models have an outlet pipe that connects the digester and outlet tank, however, other 
models have no pipes and the outlet tank is directly attached to the digester with a provision of 
manhole, which is here also proposed in this designed.  
 
8. Gas Outlet Pipe 

 
The gas outlet pipe is made of GI pipe and fixed on top of the drum at the centre of the fixed 
dome. From this pipe, the connection to gas pipeline is made for conveying the gas to the point 
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of utilization. A gate valve is fixed on the gas outlet pipe to close and check the flow of biogas 
from plant to the pipeline.  

 

Figure 18: Proposed GGC-2047 (Gobar Gas Company) model biogas digester  

The top part of a fixed-dome plant (the gas space) must be gastight. Concrete, masonry and 
cement rendering are not gaslight. The gas space must therefore be painted with a gaslight 
product. Gastight paints must be elastic, this is the only way to bridge cracks in the structure. 
Epoxy resin paints and hot paraffin coatings are particularly good.  
 

4.2 Designing Biogas Digester  

The size of a fixed dome household scale biogas digester can vary according to how big the 
household is, how much substrates are available, how much biogas is needed and also the 
financial investment capabilities. Usually it is the available substrates that decide the size. The 
size is also dependent on the retention time of the slurry and the retention time usually depends 
on economic consideration as the retention time increases the required volume of biogas plant 
increases and eventually demands higher investment cost. Hence, the amount of biogas produced 
depends on the amount and nature of the fermentation slurry, temperature and the retention time 
inside the digester. Gas production is encouraged by high, uniform temperatures, long retention 
times and through mixing of slurry. In contrast, gas production is adversely affected by low and 
fluctuating temperatures (20°C-26°C), short retention times and poor mixing (Sasse; 1988). 
 

4.2.1 Estimating Daily Dung Feed 
 

In this study, we tried to anticipate the daily biogas demand for the household (Gt) from cattle 
dung, i.e. 1.44 m3, which is equivalent to the energy consumption from traditional biomass. But 
here we have to consider biogas losses during production and consumption so that we can be safe 
to use biogas for cooking and lighting without scarce. Let us assume a 20% of loss and we would 
have 1.73 m3n capacity of biogas digester. From this anticipated biogas energy, we can trace the 
required daily cattle dung feed (Cd) based on temperature and retention time (RT) of the 
fermentation process.  
 



 

 

As shown in Figure 19, for a specified rete
the daily biogas production per kg of cattle dung (Gd) and from these 
calculate the amount of daily dung feed
 
Cd= Gt/Gd                                                             
 

Figure 19: Gas production from fresh cattle manure depending on 
temperature 
 
If the slurry is retained for 70 days (8 weeks and 10 days) in the 
48 liters of biogas can be produced from 1 kg of cattle manure (Figure 
operating temperature can be attained simply as the annual average maximum and minimum 
temperatures of the survey area are 
1.73 m3n biogas production we have to load 36 kg (Cd) of fresh cattle dung diluted with equal 
amount of water into the biogas digester
can be supplied by the households having four and above cattle to fulfill their daily energy 
consumption.   
 
Keeping this information in mind,
gas use. Since we made estimates related to how much cattle dung
estimated amount of daily biogas, we can predict how big a biogas plant is required from a 
specified amount of cattle dung. 
 

4.2.2 Sizing the Biogas Plant
 
Digester volume: The size of the digester (V
(RT) of the slurry and the amount of slurry to be added into the digester. The fresh dung is mixed 
with water in the ratio 1:1.  A formula 
Equation 3. Here, Vd is the volume of the digester, 
fermentation process every day and R
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, for a specified retention time and biogas digester temperature, we can get 
the daily biogas production per kg of cattle dung (Gd) and from these parameters,

amount of daily dung feed: 

                                                                                                          (1)

 

Gas production from fresh cattle manure depending on retention time

If the slurry is retained for 70 days (8 weeks and 10 days) in the digester and maintained at 33
48 liters of biogas can be produced from 1 kg of cattle manure (Figure 19). The suggested 
operating temperature can be attained simply as the annual average maximum and minimum 
temperatures of the survey area are 12.6 0C and 27.9 0C respectively. Therefore, for the daily 

biogas production we have to load 36 kg (Cd) of fresh cattle dung diluted with equal 
amount of water into the biogas digester (Equation 1). Hence, the daily loading raw cattle dung 

ed by the households having four and above cattle to fulfill their daily energy 

mind, we can begin to scale up a biogas plant to meet the specified 
gas use. Since we made estimates related to how much cattle dung could be expected from the 
estimated amount of daily biogas, we can predict how big a biogas plant is required from a 
specified amount of cattle dung.  

Sizing the Biogas Plant 

The size of the digester (Vd) is determined by the length of the retention time 
(RT) of the slurry and the amount of slurry to be added into the digester. The fresh dung is mixed 

.  A formula for calculating the volume for a digester can be seen in 
is the volume of the digester, Sd is the amount of slurry that is added to the 

fermentation process every day and RT is the retention time (Sasse, 1988):  

ntion time and biogas digester temperature, we can get 
parameters, we can 

1)     

retention time and digester 

digester and maintained at 330C, 
). The suggested 

operating temperature can be attained simply as the annual average maximum and minimum 
Therefore, for the daily 

biogas production we have to load 36 kg (Cd) of fresh cattle dung diluted with equal 
the daily loading raw cattle dung 

ed by the households having four and above cattle to fulfill their daily energy 

we can begin to scale up a biogas plant to meet the specified 
could be expected from the 

estimated amount of daily biogas, we can predict how big a biogas plant is required from a 

) is determined by the length of the retention time 
(RT) of the slurry and the amount of slurry to be added into the digester. The fresh dung is mixed 

for a digester can be seen in 
is the amount of slurry that is added to the 
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Sd = Cd + Wi                                                                                                   (2) 

Where Cd is daily cattle dung feed and Wi amount of water added. 

As the dung is mixed with equal amount of water, the feeding slurry would be 72 liters (equation 
2). Hence, for the specific retention time and known amount of fermentation slurry, digester 
volume is given by the formula: 
 
Vd = RT * Sd                                                                                                    (3) 
 
      = 70 (days) *72 (liter/day) = 5040 liters 
 
Gasholder Volume: The required gasholder size is an important designing parameter. If the 
gasholder capacity is insufficient for the produced gas, part of the gas will be lost through 
linkages due to high pressure so that the remaining volume of gas will not be enough to cover the 
energy demand. On the other hand, if the gasholder is made too large, construction costs will be 
unnecessarily high. The gasholder must therefore be made large enough to be able to 
accommodate the entire volume of gas consumed at a time. It must also be able to accommodate 
all the gas produced between consumption times. Furthermore, the gasholder must be able to 
compensate for daily fluctuations in gas production.  
 
The size of the gasholder, i.e. the gasholder volume Vg, depends on the relative rates of gas 
generation and consumption. Hence, the gasholder must be designed to cover the peak 
consumption rate, Gcmax (liter/hrs) and hold the gas produced during the longest zero-
consumption period Tzmax (hrs):  
 
Vg1 = Gcmax *Tcmax                                                                                          (4) 
Vg2 = Gh *Tzmax                                                                                                                                               (5) 

 
Where, 
Vg1 = maximum gas consumption during maximum hourly gas consumption (liter) 
Vg2 = maximum gas produced during maximum zero-consumption time (liter) 
Tcmax = time of maximum consumption (hrs) 
Gh = hourly gas production (liter/hrs)  
 
The larger Vg-value (Vg1 or Vg2) determines the size of the gasholder. A safety margin of 25% is 
assumed to be added: 
 
Vg = 1.25 * max(Vg1,Vg2)                                                                                     (6)  
 
Since we have a daily gas production of 1730 liters, the hourly gas production would be 72 
liter/hrs. Cooking in the rural Ethiopia is usually done three times a day with different 
consumption hours as the meal types are different. The times are mostly morning, noon and 
evening. But, there is a continuous production of gas from the digester during the cooking time 
which should be considered during designing of the gasholder size of the biogas plant. The 
periods of gas consumption can be fixed as: 
 



 
 

56 

 

 
Morning from 0600 to 0700 hrs for one hour, 
Noon from 1100 to 1300 hr for two hours and 
Evening from 1800 to 2200 hrs for four hours. 
 
Hence, we would have a total duration of gas consumption of 7 hours with 4 hours of maximum 
consumption time. To simplify the calculation, uniform gas consumption is assumed, so that the 
hourly gas consumption becomes 247 liter/hrs.  
 
Gas is also produced during consumption. For this reason, only the difference between hourly 
gas consumption and production is relevant to the calculation of the necessary gasholder size 
(Vg1) during consumption. Therefore, the maximum hourly gas consumption (Gcmax) becomes 
175 liter/hrs and multiplying this by the maximum consumption time of 4 hours, we can get 700 
liters (equation 4) of biogas which should the gasholder accommodate. 
 
Maximum gas is accumulated in the gasholder during the longest zero-consumption period 
Tzmax. The longest interval between periods of consumption is from 2200 to 0600 hours (Tzmax). 
The necessary gasholder size (Vg2) can be calculated multiplying the hourly gas production rate 
by the maximum zero-consumption time (8 hours)  and is become 576 liters (equation 5). 

The gasholder size during gas consumption (700 liters) is higher than gasholder size during zero-
consumption time (576 liters) and hence we have to consider the larger one for safe supply of the 
biogas. With the safety margin of 25% this gives a gasholder size (Vg) of  875 liters (equation 6). 
Therefore summing up the volumes of biogas digester and gasholder, the required fixed dome 
biogas plant would have a total size of around 6 m3. 
 
Dimensions of parts of GGC-2047 biogas plant: A typical sketch of the GGC-2047 model plant 
is given in Figure 20, and Figure 21 presents detailed dimensions of an average family sized 
GGC plant. Dimensions indicated in the drawings for each part of the plant, i.e., fermentation 
chamber, gasholder, radius of the digester and outlet, are found in Table 11 for different sizes. 
But the dimensions of some parts of the plant are fixed. The height of the mixing tank is 90 cm 
above ground level, and the diameter is 60 cm. The size of the manhole has a squire dimension 
of 60 cm, while the outlet of the inlet pipe should be fixed at 35 cm above the bottom of the 
digester.  
 
Table 11: Measurements of different sizes of GGC-2047 model biogas plant (BSP, 1994) 

Parts of the plant 

Plant size in m3 

4 6 8 10 

A 140  150  174  180 

B 120  120  130  125 

C 135  151  170  183 

D 50  60  65  68 

E 154  155  172  168 

F 102  122  135  154 

G 185  211  221  240 

H 86  92  105  94 

I 112  116  127  124 

J 151  110  175  171 

K 30 30 30 30 



 
 

57 

 

 

 

Figure 20: Floor plan of the GGC-2047 model biogas plant with attached latrine 

Latrine attached to the biogas plant has many advantages to improve the hygienic and sanitation 
conditions of the rural people. A latrine having a 1.0 x 1.30 m internal dimension have been 
proposed and would be made of hollow block, stone, GI sheet, sand and cement mortar.  

 

Figure 21: Section of the GGC model biogas plant 
 
The digester bottom slab is proposed to be conical in shape for two basic advantages. The first is 
to collect some heavy and inorganic materials that could not be digested so that they do not take 
part of the digester volume. The second is that the bottom of the digester with slope to the center 
is stronger than flat bottom (Sasse, 1988).   
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5. COSTS AND BENEFITS OF THE BIOGAS PLANT   
 

5.1 Biogas Plant Costs 
 
Financial and Economic Costs 

 
The financial costs of the biogas plant include the cost of the plant, annual maintenance and 
operation. The construction costs include everything that is necessary for the installation of the 
bio-digester e.g. excavation work, construction of the digester, the gas pipes, appliances and the 
construction materials. The biogas plant cost has two components, one for capital investment 
during the year of installation and another for annual repair and maintenance cost, but it is a 
proven technology in many developing countries which requires minimum repair and 
maintenance costs comparing with other energy technologies. The expected technical life time of 
the biogas plant is at least 20 years.   
 
The operation and maintenance costs consist of wage and material costs for collection and 
transportation of the substrate, water supply, feeding and operation of the plant. It also includes 
supervision, maintenance and repair of the plant and storage of the effluent.  The operation cost 
of a bio-digester is almost negligible if feeding material does not need to be purchased and 
transported from other places. However, the annual operation and maintenance cost is assumed 
to be 3% of the total investment cost. 
 
The materials required constructing different sizes of biogas plant and their respective costs are 
specified from the local market of Woreta town near Woreta Zuria, Appendix Table A.1. The 
data was collected by asking different venders and supplier the costs of each material required 
for the construction of the biogas plant and the laborer’s (skilled and unskilled) daily wage was 
specified by asking the local market using the format3, Appendix B 2. The cost estimations for 
different biogas capacities are summarized in Table 12 (December 2010). 
 
Table 12: Cost estimation summary for different biogas digester capacities (ETB4) (December 
2010) 

Item 

 

Size of biogas plant in m
3
 

4 6 8 10 

Construction Materials 4626 5422 6243 7388 

Accessories  1303 1703 1703 1703 

Labour (skilled and unskilled) 2010 2080 2610 2850 

Total 7939 9205 10546 11929 

 
 
 
 

3 
Materials and their respective quantities required for different biogas plant sizes are adopted from Trainees’ Manual    prepared for National   

  Biogas Programme (NBP) of Ethiopia by Prakash C. Ghimire, Asia Biogas Programme, SNV, May, 2008. 
4 

1 ETB = 0.4152 Swedish Krona (SEK), average exchange rate of December 2010, (CBE, 2007). 
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The economic costs of the biogas plant comprise the total financial costs plus values of the 
household to collect water and dung including operation of the biogas plant and cost of subsidy. 
The first economic cost is incurred at the household level, whereas the second economic cost can 
be incurred by any supportive governmental or non-governmental organizations. 
 

Producing of biogas for daily household need results in time spent on biogas-related activities, 
such as water and dung collection and mixing of cow dung and water. Time spent on collecting 
water and dung has a value–the opportunity cost of time that could have been used for other 
activities, but non-income-generating. In some cases, the value of this time has financial value, if 
time is used for operation of the plant for longer time instead of income-generating activities; 
however, here we consider only the economic value of time. 
 
Water collection times. Daily water collection time per household in rural areas vary from 
around 0.5 to several hours (Hutton et al, 2006).  As it is stated before (chapter 2.5.5.1), 71% of 
rural households in Ethiopia live within 1 km of a water source and 29 % more than 1 km. A 
conservative assumption, therefore, for the average distance to haul water is 1 km with a round-
trip time of 30 minutes and two journeys per day to collect 60 liters for the slurry dilution. 
Combining these data, an estimated collection time is roughly 60 minute each day. 
 

Dung collection and mixing times. This study targets household with livestock nearby and dung 
is assumed to be readily available to the household, thus time is estimated for mixing of dung 
and water collection. It is estimated that a household spends 0.50 hours a day mixing water and 
dung to feed the biogas plant. 
 
Table 13: Household level economic values of time (ETB), 2010  

Activity Time (hrs) Hourly wage rate  
Daily 

expenditure  

Yearly 

expenditure  

Water collection 1.0 3.75 3.75 1369 

Dung collection and 
mixing 

0.5 3.75 1.875 684 

Total 5.63 2053 

 
Household duties are the responsibility of women. These duties include food processing and 
preparation of meals, fetching water, collecting dung and wood for fuel, cleaning, washing, 
taking care of the children. The economic value of time is approximated by the rural wage rates 
for unskilled workers (Table 13) and is estimated to be 2053 ETB. According to the Agricultural 
Office of Woreta Zuria woreda, the current hourly-equivalent agricultural wage rate of the local 
area is 3.75 ETB, which is the same as the hourly wage rate of the Amhara region (WFP, 2010). 
 

5.2 Latrine-Related Costs 
 
A pour-flush latrine technology may be attached to a biogas plant. In an attached latrine, human 
waste is flushed through a tube into the biogas digester. Evidences from Nepal and China have 
demonstrated that attaching sanitary latrines to biogas plants contribute significantly to better 
health and hygiene in rural communities (Bajgain, 2005; FAO, 1996). However, the contribution 
of nightsoil or human feces a household to biogas generation is minimal compared to community 
based biogas plant. 



 
 

60 

 

 
The cost of latrine depends on the situations whether the households are using latrine or not and 
also depends on their income. If the household has already built the latrine, the only thing to be 
done is to connect the latrine to the biogas plant. But in the rural farmers of Ethiopia, almost all 
of the people are not using latrine; open defecation is the most practiced. However, a latrine 
having a 1.0 x 1.30 m internal dimension is proposed and will be made of hollow block, stone, 
GI sheet, sand and cement mortar. The data was collected by asking different local venders and 
supplier the costs of each material required for the construction of the pour-flush latrine and the 
laborer’s (skilled and unskilled) daily wage was also specified by asking the local market using 
the format5, Appendix B 3. The material resources required to construct a pour-flush latrine are 
shown in Appendix Table A.2. 
 
Financial  and Economic Costs  

 
The household financial costs of an improved latrine consist of the price paid for the initial 
investment and the price paid for water for flushing the human waste into the biogas plant if 
applicable.  
 
The estimated life of a pour-flush latrine is ten years, so households must purchase a replacement 
every ten years after installation. This means that during the 20 year lifespan of a biogas plant, a 
new latrine must be purchased once (i.e. after ten years). 
 

The operation and maintenance cost of the latrine is assumed as the biogas plant is (3%); but 
relatively short life span of ten years. The water source for pour-flush toilets will be from 
fetched/hauled sources; therefore, no financial and economic costs are associated with purchased 
or piped water; instead, the water requirements are assumed to be met from household nearby 
community water point sources, or hauled water. Table 14 shows the estimated net financial 
costs for a pour-flush latrine incurred by the household. Costs for the latrine were based on field 
data collected from the nearby town, Woreta (January 2011).  
 

Table 14: Material requirement and cost breakdown of pour-flush latrine (January 2011) 

Item 

 

Size of biogas plant in m
3
 

4 6 8 10 

Construction Materials 2582 2582 2582 2582 

Labour (skilled and unskilled) 220 220 220 220 

Total 2802 2802 2802 2802 

 
 
 
 
 
5 

Materials and their respective quantities required for pour-flush latrine construction are adopted from Renwick et al., 2007 with some        

modifications. 
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The financial and the economic costs of latrines are estimated to be the same, 2802 ETB and 
since the latrine is a pour-flash latrine no accumulation of feces so that the costs of latrine for 
different family size and different biogas plant sizes are assumed the same (Table 14). 
 

5.3 Impact Estimation (Benefits of Biogas Plant) 
 

As shown in Table 7, the daily traditional energy consumption was estimated to be the sum of 
5.9 kg fuelwood, 5.0 kg dung cake and 0.13 liter kerosene. In chapter 4.2.2, it was also estimated 
that a 6 m3 of biogas plant with a capacity of 1.73 m3n daily biogas production would substitute 
the traditional energy consumption.  Therefore, the biogas plant (6 m3) can displace the use of 
some 2154 kg of fuelwood, 1825 kg of dry dung cake and more than 47 liters of kerosene 
annually (according to Table 8). The savings in fuelwood help to slow the rate of deforestation in 
rural Amhara region, while reduce use of imported kerosene helps save valuable foreign 
exchange. Additional benefits from the use of biogas are derived from the replacement of the 
practice of collecting and drying animal dung for traditional fuel use. These dung cakes contain 
valuable soil nutrients that are lost when the dung is collected, dried and burnt as a fuel. When 
animal dung is processed through a biogas digester, the resulting slurry retains the nutrients 
originally in the dung and can be used as a fertilizer.  
 
Table 15: Annual physical fuel savings of households with safe water in Amhara region  

 

 

 
 
Using 6 m3 of biogas plant capacity in all households of the Amhara region with safe water 
potential (23%), significant amount of fuels is saved from the traditional biomass energy 
consumption (Table 15). For instance, if we take the kerosene savings using the current price of 
13 ETB/liter in December 2010 (According to Bureau of Trade and Transport of the Amhara 
region), it is possible to save more than 143 million ETB at regional level.  
 
The integrated household level biogas and sanitation is expected to generate significant direct 
and indirect benefits for both households and society in general. The impacts are estimated here 
as financial and economic benefits of biogas plant. This section describes the methodology used 
for the financial and economic analysis of impacts of the proposed biogas plant at the household 
and societal levels. 
 
The substitution of highly polluting traditional fuels with biogas virtually eliminates indoor air 
pollution, which is a major cause of acute lower respiratory disease, particularly among women 
and children who spend large amounts of time in smoke-filled kitchens, as well as other diseases 
such as chronic obstructive pulmonary disorder (Bruce et al., 2006). An effluent that comes from 
the biogas plant after the gas is produced is excellent organic manure that augments soil fertility. 
By coupling the biogas plant with latrine, the health benefits of biogas are enhanced. In addition 
to the high-quality cooking and lighting fuel and health benefits, it offers a number of direct and 
indirect benefits, including time savings associated with fuel wood collection and cleaning, as 

Fuel type Unit Fuel used/hh/year 

Total number of  hhs 

with safe water 

Annual total fuel 

saved  

Fuelwood ton 2.154 232,000 299728 

Dung cake ton 1.825 232,000 423400 

Kerosene m3 0.04743 232,000 11004 
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well as environmental benefits through reduction local deforestation and greenhouse gas 
emissions. This study estimates the financial and economic value of some types of impacts 
associated with an integrated biogas and sanitation: 

5.3.1 Fuel and Fuel Related Savings 

 
The major financial impact of the biogas plant is the reduction in expenditure for traditional 
fuels, which would otherwise be incurred in its absence. 
 
Financial and Economic Benefits 

 
At the household level, financial benefits result from actual cash savings due to reduced 
purchases of fuel as well as to increases in income associated with productive time reallocated 
from collection of fuelwood to income-generating activities. The financial value of fuel 
expenditure savings is estimated based on percentages of purchased fuels by households by type 
of fuel, amount of each fuel type used annually per household and cost of purchased fuels by 
type. It is expected that all of the fuel types used in the household are reduced due to the 
installation of a biogas plant. 
 
Field survey carried out at the rural village of Woreta Zurai shows that the daily fuelwood 
consumption is estimated 5.9 kg/day per household and daily dung cake consumption is 
estimated at 5kg/day per household, which is relatively lower than fuelwood consumption. The 
consumption of kerosene is also estimated to be 0.13 liters per day per household. The saving 
due to reduced purchase of dung cake is not considered here since the biogas plant is intended to 
be installed in households where enough cattle are found to produce the raw inputs.  
 
In rural Ethiopia, 25 % of the cooking fuel is fulfilled by purchasing, while the remaining 75 % 
is by collecting (Renwik et al., 2007). The price of fuelwood in Woreta Zuria woreda was 
estimated to be 1.5 ETB/kg (REPD, 2009). Based on these estimates, a household will save, on 
average, 1424 ETB a year from both cooking and lighting fuel expenditures by installation of 
biogas plant (Table 16).  
 
Table 16: Household level financial value of fuel savings, 2010  

Type of Fuel Source 
Annual 

quantity saved 

Cost per 

unit in ETB 

Total cost saved 

per year in ETB 

Fuelwood purchased (kg) (25%) 538 1.5 807 

Kerosene (liter) 47.43 13 617 

Total 1424 

 

Income generated from fuel collection time savings: In rural Ethiopia it is common to take a lot 
of  time in collecting fuelwood from forests far away from residences. All households who have 
cattle are always engaged in collecting, preparing and drying of the dung dropped. So, this 
activity takes significant amount of time which should be considered here as financial benefits 
for the household who are going to install biogas plant.  
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For households that collect fuelwood, a biogas plant will result in significant time savings. A 
portion of this time savings is assumed to be used for income-generating activities. Considering 
the limited income-earning opportunities in the Sub-Saharan African region, only an estimated 
20 % of the saved time will be used for income-generating activities and this estimation is 
considered for this study due to inaccessibility of data in Ethiopia.  
 
At the household level, the economic benefits of fuel cost savings include the financial benefits 
plus the total value of time savings due to reduced fuelwood consumption and associated labor, 
as well as time savings for cooking and for cleaning utensils. The daily time spent to collect 
fuelwood is estimated at 1.3 hours in a household (Renwik et al., 2007). The daily time spent for 
collecting, preparing and drying dung in the rural Ethiopia is 1.47 hours (Baygell, 1979). Within 
1 km distance of water source from the house, the time spent to collect water for dung mixing 
and pour-flush latrine is estimated to be an hour and the time spent for mixing and feeding of 
dung to the biogas plant is 0.5 hour. 
 
In addition to time savings associated with fuel collection, biogas stoves also generate economic 
benefits as a result of time savings associated with cooking and cleaning. Biogas stoves have 
higher combustion efficiency compared with traditional biomass and fossil fuel stoves. A biogas 
stove is 6.52 times more efficient than traditional biomass stoves in terms of heat output (Smith 
et al., 2000). This increased efficiency leads to substantial time savings for rural women. In 
Ethiopia, the field survey data suggests time savings for cooking and cleaning of 96 minutes and 
37 minutes, respectively (Renwik et al., 2007). Based on all the above estimated data, the annual 
value of time savings per household is shown in Table 17. 
 
Table 17: Household level time saving values, 2010 
 

Activity 

Saving in time 

(hours /day) 

Saving in time 

(hours /year) 

Hourly wage 

rate in ETB 

Annual saving 

in ETB 

Collection of water for dung mixing -1.0 -365 3.75 -1369 

Mixing of dung and water to feed the 
biogas plant  -0.5 -182.5 3.75 -684 

Collection of fuelwood (75 % 
collected)1 0.633 231 3.75 866 

Collection, preparing and drying of 
dung 1.47 536.55 3.75 2012 

Cooking food 1.6 584 3.75 2190 

Cleaning cooking utensils 0.62 226.3 3.75 849 

Total  2.823 1030.35 3.75 3864 
 

1
Since the share of fuelwood energy consumption for cooking is 65 %, it is assumed that the time spent on fuelwood collection is reduced by the 

same percent 

The annual financial benefit in relation to time saved per household is estimated to be 206 hours 
(20% of job opportunity) and amounts 773 ETB per year. Therefore, the total financial benefit of 
fuel and fuel related savings is aggregated to be 2197 ETB, which is the summation of 1424 ETB 
of fuel saving (Table 16) and 773 ETB of time saving values. The total economic benefit of fuel 
and fuel related savings is also aggregated to be 5288 ETB, which is the summation of 1424 ETB 
of fuel saving (Table 16) and 3864 ETB of the total annual time saving values (Table 17). 
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5.3.2 Latrine Access Time Savings 

 
Latrine access savings are mainly economical in nature, even though time savings may be used 
for income generating activity. A prospective financial cost saving are that of reduced payment 
for public toilets and income from reduced time due to latrine access.  

But it is unlikely to consider the reduced payment from public latrine saving as the rural areas of 
Ethiopia have no public toilets, rather the households spend time to access latrine away from 
their place of residence or work on open field defecation.  

The time savings that incurred  to households installing latrines has both financial and economic 
value. A portion of this time savings is assumed to be used for income-generating activities. 
Considering the limited income-earning opportunities in the Sub-Saharan African region only an 
estimated 20% of the saved time will be used for income-generating activities (Renwik et al., 
2007), while the remaining 80% is considered as economic benefit. 
 
The access time per day to a site of open defecation depends on time per visit and visits per day. 
For  Hutton and Haller (2004) assume 30 minutes per person per day can be saved by building a 
latrine in or next to the home area. This estimation is taken for our calculations since there is no 
data which estate how much time is saved doing so in Ethiopia. Therefore, on the household 
level, the latrine time access savings should be multiplied by the average household size in rural 
areas, which is taken as five for our case.  
 

But not all the household members can be involved in income generating activities because of 
age groups. According to CSA (2007), the population in the age of 15 and above comprises 
55.7% in the rural Amhara. This age group is assumed to be involved in income generating 
activities in the case of rural Ethiopia. The time gained is multiplied by the economic value per 
hour, 3.75 ETB. Table 18 shows the total financial and economic benefits associated with latrine 
access savings. 
 
Table 18: Economic and financial benefits of latrine access savings (ETB), 2010 

Benefits Daily time saving of the 

household (hours) 

Annual time saving of 

the household (hours) 

(55.7%) 

Annual household 

saving in ETB  

Economical 2.5 508.3 1906 

Financial (20%) 0.5 101.7 381 

 

5.3.3 Bio-slurry Fertilizer Use Benefit 

 
Biogas slurry, a by-product of biogas is high quality organic fertilizer and conditioner for the soil 
that surpasses farmyard fertilizer. If composted properly, the slurry will give higher yields of 
superior quality fertilizer and can increase crop production, thereby augmenting income. On the 
other hand, it replaces chemical fertilizer and saves the money previously incurred on chemical 
fertilizers. 
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Financial and Economic Benefits 

 
The financial value of slurry is estimated using the current market prices for fertilizer. According 
to the Amhara region Agricultural Bureau, the main types of chemical fertilizers used in Ethiopia 
for productivity increment are Urea (45:0:0) and DAP (18:46:0) with the current prices of 6.59 
ETB/kg and 7.40 ETB/ kg respectively in 2010, while potassium fertilizer application is not 
common as there is no deficiency of the nutrient in most parts of Ethiopian, but its value can be 
considered as economic values. Therefore, the current prices of nitrogen and phosphorus would 
be 14.64 and 10.60 ETB per kg respectively and it is assumed that the price of potassium 
fertilizer is the average of Urea and DAP, 12.62 ETB. 
 
Biogas slurry consists of 93% water, 7% dry matter of which 4.5% is organic and 2.5 % is 
inorganic matter. The percentage of NPK (Nitrogen, Phosphorus and Potassium) content of 
slurry on wet basis is 0.25, 0.13 and 0.12 respectively (Prakash, 2008). In addition to the major 
plant nutrients, it also provides micro-nutrients such as zinc, iron, manganese and copper that, in 
trace amounts, are also essential for plants.  
 
In this study, the daily wet amount of bio-slurry produced per household from a 6 m3 size biogas 
plant is around 72 kg/day, and hence the annual wet amount of bio-slurry is 26280 kg. Therefore, 
the annual production of slurry fertilizer by nutrient content (NPK), generated as a byproduct 
from bio-digestion will be 65 kg, 34 kg and 31 kg respectively. Hence, the annual financial 
benefit from both nitrogen saving (952 ETB) and phosphorus saving (360 ETB) is aggregated to 
be 1312 ETB, and the economic benefit of total chemical fertilizer savings is amounted 1703 
ETB (Table 19). 
 
Table 19: Annual chemical fertilizer savings (ETB), 2010 

Variable 
Annual production 

(kg) 

Local unit price 

(ETB) 

Annual money saved 

(ETB) 

Nitrogen 65 14.64 952 

Phosphorus 34 10.60 360 

Potassium 31 12.64 391 

Total  1703 

5.3.4 Health Benefits 

 

Burning solid fuels leads to very high levels of indoor air pollution; inhaled smoke contains a 
complex mixture of hundreds of health-damaging pollutants. Women and children, who spend 
most of the time exposed to indoor air pollution, are at greatest risk. Epidemiological studies 
have established associations with several specific health impacts of indoor air pollution. The 
evidence base is most conclusive for acute lower respiratory infections (ALRI), especially 
among children under age of five, and chronic obstructive pulmonary diseases (COPD) for 
women over age 30. Due to their strong connection to indoor air pollutions and magnitude of 
disease burden, ALRI and COPD are the most important parameters to be considered (WHO, 
2006a).  Epidemiological studies have also shown links between exposure to indoor air pollution 
and lung cancer, asthma, cataracts, and tuberculosis. While these additional diseases are not 
included in our economic analysis of health impacts, as there is no consensus on the percentage 
of each disease attributable to indoor air pollution (Renwick and Monroe, 2006). The other 
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health impact is in connection with poor sanitation and hygiene which result in mainly of 
infectious diarrhea; children, particularly those under the age of five, are most vulnerable.  
 
An integrated biogas and sanitation generates health benefits by reducing acute lower respiratory 
infection (ALRI), chronic obstructive pulmonary diseases (COPD) and diarrheal diseases 
through elimination of indoor air pollution and reduction in sanitation and hygiene water-related 
diseases. Hence by including only these three diseases, the study is conservative given the larger 
number of other proven health impacts of unsafe sanitation and exposure to indoor air pollution 
(Bruce et al., 2006).  Reductions in health-related expenditures represent actual financial savings 
for affected households. 

An important tool, known as DALY (or Disability Adjusted Life Year) is applied for analyzing 
these diverse disease outcomes from indoor air pollution and poor sanitation to measure the 
respective disease burdens (WHO, 2006). For each disease, the DALY is the discounted sum of 
years lost due to premature mortality or years lost due to disability for incident cases of ill-
health. In economic valuation terms, DALYs represent time that is lost as a result of illness or 
death that could have been used for productive and income generating activities and education 
(Renwick and Monroe, 2006).  These are the DALYs that could be prevented through effective 
clean household energy (biogas), sanitation and hygiene intervention. Disaggregated DALY’s 
data for ALRI, COPD and diarrhea attributable to indoor air pollution and lack of sanitation were 
not readily available in Ethiopia to estimate the health benefits of integrated biogas plant with 
sanitation.  
 
But in Sub-Saharan Africa, there are some studies which estimated annual preventable DALYs 
through clean energy and improved sanitation. For instance, according to Renwick and Monroe 
(2006), in the scenario of clean energy through biogas digester, improved sanitation, significant 
hygiene behavior change and safe drinking water, the annual per capita preventable DALYs for 
both ALRI and COPD and diarrheal disease are 6.43 and 10.7 days respectively. As Ethiopia is 
in the sub-region of sub-Sahara Africa countries, it is reasonable to use this estimation for this 
study. 
 
Financial and Economic Benefits 

 
Expenditures on disease treatment. Health expenditures due to infectious diarrhea, ALRI, and 
COPD include two categories of costs, i.e. health care system costs (costs for outpatient 
consultation and inpatient admissions) and patient (costs for drugs, materials and procedures and 
transportation costs to seek care). According to Renwick and Monroe (2006), these costs were  
estimated using Sub- Saharan Africa regional estimates contained in WHO global health studies 
related to water and sanitation and indoor air pollution (Hutton and Rehfeuss, 2006). The 
estimated costs per capita were $1.81 for diarrhea and $0.15 for both ALRI and COPD.  
 
Using the national currency6 of Ethiopia, the corresponding per capita costs are 29.59 ETB and 
2.45 ETB for diarrhea and for both ALRI and COPD respectively, which are accounted for a 
total of 32 ETB.  
 
 

6
1 $=16.3514 ETB 
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Attributable to the scarcity of data, this estimation is also taken as per capita health expenditures 
of Ethiopia. Health expenditures per household are therefore 148 ETB due to diarrhea and 12 
ETB due to both ALRI and COPD.  Hence, the annual household expenditures on disease 
treatment would be 160 ETB. This is the annual saving of the household with five members and 
should be considered as financial benefit since it is the saving of direct costs. 
 

Health-related income and productivity effects: It is obvious that improving the health status and 
decreasing illness days will save more time for productive activities. Economic valuation of 
social benefits of health related for the installation of an integrated biogas plant with attached 
latrine should include the opportunity cost of time lost to illness.  
                                                                          
Productive time for income generation of household is valued using local labour market prices of 
3.75 ETB per hour and job opportunity of 20% to estimate the financial values. It is assumed 
that, since children and elders who are not very economically productive are usually cared for by 
at least an adult during their illnesses; economic health benefits are valued as the productive 
adults. Based on preventable days per capita of 6.43 for both ALRI & COPD and 10.7 for 
diarrhea, we would have annual household savings of 193 ETB and 321 ETB respectively and 
sum up to 514 ETB. Therefore, the total annual time saving in hours per year will be 685, but 
income generating time with 20% will be 137 hours. The estimated annual total household-level 
financial health benefits due to clean energy and sanitation is aggregated to 674 ETB (Table 20). 
 
But productive time for economic benefit is valued using the 2009 gross national income (GNI) 
(ETB) per capital for Ethiopia of $330 (World Bank, 2010) (15 ETB/day) . Both GNI and GDP 
are commonly used for valuation of time with GNI being a slightly more conservative measure. 
In this study, we followed the method of Hutton and Rehfuess (2006), who use GNI in their 
economic valuation of health benefits.   
 
Table 20: Annual household health related savings (ETB) 
 
Benefits Diarrhea ALRI & COPD Total 

 Financial Economical Financial Economical Financial Economical 

Health expenditure 148 148 12 12 160 160 

Health related income 321 803 193 482 514 1285 

Total  469 951 205 494 674 1445 

 

 

5.3.5 Environmental Benefits 
 

5.3.5.1 Global Environmental Benefits—GHG Emissions 
 
Biogas plants also help reduce greenhouse gas (GHG) emissions. Since carbon emission trading 
is not practiced in a household level here in Ethiopia, the environmental benefits from biogas is 
considered an economic benefit and not financial.  
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Economic Benefits 

 

Biogas helps reduce greenhouse gas emissions by displacing the consumption of fuelwood, dung 
cake and kerosene. The biogas is assumed to be produced on a sustainable basis, and therefore 
the CO2 associated with biogas combustion is reabsorbed in the process of the growth of the 
fodder and foodstuffs by the bio-slurry as fertilizer from the biogas plant. In the case of 
fuelwood, if it is consumed on a non-sustainable basis, then all the CO2, CH4 and N2O emissions 
that are associated with the combustion of fuelwood can be accounted as being displaced when 
replaced by a biogas plant. In our study, the total annual fuelwood, dung cake and kerosene 
saved is estimated to be 2154 kg, 1825 kg and 47 liters per household respectively. According to 
the Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas 
Inventories (IPCC, 1995), the emission coefficient for a ton of non-sustainable fuelwood is 
approximately 1.5 tons CO2 and approximately 2.5 tons CO2 per 1000 liters of kerosene 
combusted. Hence, installing this biogas plant would result in a net reduction of approximately 
6.1 tons of CO2 equivalent annually per household.  
 
The global environmental value of GHG emissions reduction by a biogas plant is calculated as 
the product of the total reduction in emissions and the market price of carbon reduction. A biogas 
plant is expected to continue reducing GHG emissions for its entire expected lifespan of 20 
years. According to Renwicke et al. (2007), emission reductions are valued at US$10 per ton 
CO2e. Hence, the total emission reduction from a single biogas plant is valued to 1000 ETB 
annually. 

5.3.5.2 Local Environmental Benefits 

 
Economic Benefits  
 
In addition to global environmental benefits, biogas plant installations also have a direct impact 
on the local environment. Local environmental benefits occur as part of switch away from 
biomass to cleaner fuels biogas energy and it is also considered as economical benefit. 
Essentially, this results in none of trees will be cut down in an unsustainable manner. The local 
effects of trees being cut down are soil erosion, desertification and landslides in hilly areas. The 
costs of these are many, but have a high level of uncertainty and are difficult to value in 
economic terms but an alternative way of valuing the economic cost is the replacement cost to 
avert the possible future effects of deforestation (aversive expenditure). This essentially means 
that the replacement cost is the same for trees cut down in a renewable fashion. 
 
The replacement cost is the cost of replanting trees in a renewable fashion, which is made up of 
the labor cost plus the tree sapling cost. According to Jargstorf (2004b), it is estimated that 
fuelwood saving of 6 tons per annum can save an equivalent forest cover of 1 ha with Eucalyptus 
tree. This hectarage of Eucalyptus forest in turn avoids up to 5 thousands ETB of afforestation 
cost.  
 
In this study and based on the above estimation, 2154 kg of fuelwood saved by the installation of 
a domestic biogas in the rural household, which will save 0.36 ha of forest per year that has an 
equivalent amount of 1795 ETB afforestation cost.  
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5.3.6 Summary of Financial and Economic Costs and Benefits 

 
The summary of financial and economic costs and benefits is calculated simply to show the 
annual rough estimation of cost and benefits at household and regional label. The regional level 
is calculated based on the lower technical potential (safe water potential) of the Amhara region 
which is about 232,000 households. Table 21 indicates that investing 12,007 ETB in the first 
year with some yearly operation and maintenance costs on 6 m3 biogas plant, it is possible to get 
about 3,690 ETB financial benefits at the household level. At the regional level, the yearly 
financial and economic benefits are very significant and are estimated at around 9.7 million and 
2.4 billion ETB respectively, once about 2.8 billion ETB is invested in the first year.   
 
Table 21:  Summary of financial and economic costs and benefits of a biogas plant at household 
and regional levels (ETB), 2010 
 

Type of cost/ benefit 

Household level Amhara region 

Financial 

costs/benefits 

Economic 

costs/benefits 

Financial 

costs/benefits 

(‘000’) 

Economic 

costs/benefits (‘000’) 

Costs   

Biogas plant 9205 9205 2135560 2135560 

Latrine 2802 2802 650064 650064 

Total initial investment 

Cost 
12007 12007 2785624 2785624 

Annual operation and 
maintenance (3%) 

360 360 83520 83520 

Annual time value for water 
and dung collection 

0 2053 0 476296 

Total  operation and 

maintenance costs 
360 2413 83520 559816 

Annual Benefits   

Fuel cost saving 2197 5288 509704 1226816 

Latrine access time saving 381 1906 88392 442192 

Fertilizer saving 1312 1703 304384 395096 

Health related saving 674 1445 156368 335240 

GHG emission reduction 0 1000 0 232000 

Local Environmental 
benefits 

0 1795 0 416440 

Total benefits 4565 12739 1058848 3047784 

Total net benefits1 4204 12317 975328 2487968 

 
 

1 Deducting annual total operation and maintenance cost from total benefit 

 

6. FINANCIAL AND ECONOMIC ANALYSIS 
 
Net Present Value (NPV) 

 
The financial NPV of the biogas plant with 6 m3 size is 16201 ETB, while the economic NPV is 
59951 ETB (Table 22), which means that investing in the biogas plant would allow a higher 
return to the household than an investment on capital market. 
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Internal Rate of Return (IRR) 

 
The resulting financial and economic internal rates of returns at which the NPV is zero are 33% 
and 89% respectively (Table 22). Hence, the household decision to install a biogas plant leads to 
high capital gains, since both internal returns exceed the minimum acceptable rate of 8% 
(interest rate).  
 
Benefit-Cost Ratio (BCR) 

 
The benefit-cost ratios of economic and financial benefits are 3.12 and 2.12 respectively which 
are also indicators of good capital gain for the household as the ratio are greater than one. 
 
Table 22: Financial and Economic analysis at the cost of installation within operation years 
(ETB)7 
 

Cost and benefit Years NPV 

 0 1 2 3 4 5 6 7 8 9 10  

6 m3 without subsidy            

Financial 

Benefits            
 

Fuel related savings 0 2197 2197 2197 2197 2197 2197 2197 2197 2197 2197 
14742 

 

Latrine access time 
saving 0 381 381 381 381 381 381 381 381 381 381 

2557 

Fertilizer saving 0 1312 1312 1312 1312 1312 1312 1312 1312 1312 1312 8803 

Health related 
income 0 674 674 674 674 674 674 674 674 674 674 

4523 

Total benefit 0 4564 4564 4564 4564 4564 4564 4564 4564 4564 4564 30625 

Costs             

Biogas 9205 0 0 0 0 0 0 0 0 0 0 9205 

Latrine 2802 0 0 0 0 0 0 0 0 0 0 2802 

O&M (3%)  360 360 360 360 360 360 360 360 360 360 2417 

Total cost 12007 360 360 360 360 360 360 360 360 360 360 14424 

Net benefit -12007 4204 4204 4204 4204 4204 4204 4204 4204 4204 4204 16201 

NPV (at 8% discount rate) = 16201, BCR=2.12     FIRR=33%  

Economic 

Benefits 
            

Fuel related savings 0 5288 5288 5288 5288 5288 5288 5288 5288 5288 5288 35483 

Latrine access time 
saving 

0 1906 1906 1906 1906 1906 1906 1906 1906 1906 1906 12790 

Fertilizer saving 0 1703 1703 1703 1703 1703 1703 1703 1703 1703 1703 11427 

Health related 
income 

0 1445 1445 1445 1445 1445 1445 1445 1445 1445 1445 9696 

GHG emission 
reduction 

0 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 6710 

Local environmental 
benefits 

0 1795 1795 1795 1795 1795 1795 1795 1795 1795 1795 12045 

Total benefit 0 13137 13137 13137 13137 13137 13137 13137 13137 13137 13137 88150 

Costs             

Biogas 9205 2053 2053 2053 2053 2053 2053 2053 2053 2053 2053 22981 

Latrine 2802 0 0 0 0 0 0 0 0 0 0 2802 

O&M (3%) 0 360 360 360 360 360 360 360 360 360 360 2417 

Total cost 12007 2413 2413 2413 2413 2413 2413 2413 2413 2413 2413 28200 

Net benefit -12007 10724 10724 10724 10724 10724 10724 10724 10724 10724 10724 59951 

NPV( at 8% discount rate)=59951, BCR= 3.12, EIRR= 89% 

 

 
7

All the equations used to calculate the net present value, internal rate of return and benefit-cost ratio are indicated in Appendix C.  
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In Table 22, NPV, BCR and IRR (Appendix C) of the economic analysis are higher, because in addition 

to financial benefits other benefits like environmental and others which are not the direct benefits of a 

household are considered in the economic analysis (chapter 5). 

6.1 Sensitivity Analysis Scenarios 
 
Sensitivity analysis was conducted to evaluate how changes in key variables might influence the 
financial and economic analysis. For the financial analysis, the value of key variables related to 
biogas plant are biogas plant cost, latrine cost, latrine access, fertilizer value of slurry, health 
benefits, fuel savings,  time savings, and the discount rate were evaluated. In the case of 
economic analysis, environmental benefits are included in addition to the financial one.  Table 23 
provides details on sensitivity, including values for variables under the base case, conservative 
and optimistic scenarios.  
 
A range of sensitivity analyses were also conducted to assess how changes of incentive to the 
capital cost might influence financial returns. 
 
Table 23: Sensitivity Details for Different Variables 

Sensitivity 

analysis 
Variable 

Financial Economic 

Conservative 
Base  

case 
Optimistic Conservative 

Base  

case 
Optimistic 

Analysis 1 Biogas plant cost 
125% 100% 75% 125% 100% 75% 

11506 9205 6904 11506 9205 6904 

Analysis 2 Latrine Costs 
125% 100% 75% 125% 100% 75% 

3503 2802 2102 3503 2802 2102 

Analysis 3 No latrine 0%   0%   

Analysis 4 
Level of purchased 
fuelwood 

15% 25% 40% 15% 25% 40% 

Analysis 5 
 

Price of fuel 75% 100% 125% 75% 100% 125% 

Fuelwood (ETB/kg) 1.1 1.5 1.9 1.1 1.5 1.9 

Kerosene 
(ETB/liter) 

10 13 16 10 13 16 

Analysis 6 
% Time savings 
uses for income 
earning 

15% 20% 25% 15% 20% 25% 

Analysis 7 
Value of slurry 
(fertilizer) 

75% 100% 125% 75% 100% 125% 

984 1312 1640 1277 1703 2129 

Analysis 8 
Health related 
saving 

75% 100% 125% 75% 100% 125% 

506 674 843 1084 1445 2168 

Analysis 9 
Value of time 
(ETB/hrs) 

75% 100% 125% 75% 100% 125% 

2.8 3.75 4.7 2.8 3.75 4.7 

Analysis 10 
Environmental 
benefits 

- - - 75% 100% 125% 

- - - 2096 2795 3494 

Analysis 11 Discount rate  12% 8% 4% 12% 8% 4% 
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6.1.1 Financial Sensitivity Analysis 

 
Under the base case scenario for the household on 6 m3

 biogas plants, both the biogas plant and 
pour-flush latrines were not subsidized, and it was also assumed that the household would adopt 
improved hygiene practices, the BCR is 2.12 and the FIRR is 33%. A breakdown of financial 
costs and benefits is provided in Table 22. The composition of total costs is as follows: biogas 
plant investment with operation and maintenance (81%), latrine investment (19%). The largest 
share of financial benefits are due to fuel related savings (48%), followed by fertilizer savings 
(28%), health expenditure savings (15%), and latrine access time savings (8%). The Figures 22 
and 23 show the benefit-cost ratios and FIRRs for the sensitivity analysis of the biogas plant 
respectively. 
 

 

Figure 22: Sensitivity analysis for financial returns: benefit –cost ratios 
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Figure 23: Sensitivity analysis for financial returns: FIRRs 

 
Of all the scenarios evaluated, variables related to the biogas plant, latrine, fertilizer value of 
slurry and purchased fuelwood have the greatest effect on financial performance. The greatest 
impact on financial performance is observed, decreasing the cost of biogas plant by 25% the 
FIRR boosts from 33% to 43% and the BCR from 2.12 to 2.63. Increasing the cost by 25%, the 
FIRR drops from 33% to 26% and the BCR from 2.12 to 1.78. The time value also has 
significant effect on financial performance. When the hourly value of income generating time 
increases by 25% the FIRR increases from 33% to 37% and the BCR from 2.12 to 2.32.  
Eliminating the cost of latrine increases the FIRR by 4% and decreasing the latrine cost by 25% 
increases the FIRR by 4%.  Regarding to fertilizer value of slurry, the increase and decrease of 
the value by 25% the FIRR increases and decreases by 3% respectively. An increase in purchase 
of fuelwood from 25% to 40% increases the FIRR to 36%. These results suggest that an 
integrated biogas and latrine program would generally be attractive from the household 
perspective. 
 
Even though there are opportunities to get attractive benefits from installation of biogas plant, 
the initial investment cost is very high for most of households as the new 6 m3 biogas digester 
requires 12,007 ETB. In 2010, the per capita GDP as purchasing power party was $1,000 (CIA, 
2011) which was equivalent to 14,400 ETB8. The subsidy will encourage small farmers to install 
biogas plants since most rural people in Ethiopia cannot afford to do so. So, the subsidy structure 
has been proposed to cover a substantial part of the installation.  
 
 

 

8 1$=14.4 ETB (the then currency of Ethiopia) 
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Figure 24: FIRR sensitivity to incentive with and without latrine 

Since biogas energy system would have substantial environmental and health benefits, the 
subsidy is justified. As shown in Figure 24, the financial internal rate of return (FIRR) is tripled 
approximately at 60 % of incentive, for both with and without latrine attachments. The FIRR 
also becomes very sensitive as the percentage of incentive getting higher. 

6.1.2 Economic Sensitivity Analysis 

 
Under the base case scenario for an average household with pour flush latrine attached to the 
biogas plant, the economic benefit- cost ratio (BCR) is 3.13 and the EIRR is 89%. Table 22 
provides a detailed breakdown of the economic benefits and costs.  
 
The larger economic benefit is fuel related costs (40%) which incorporate the direct fuel cost 
savings and time value savings from the use of biogas. The second larger benefit is 
environmental benefit (greenhouse gas emission and local environmental benefits) 21%, 
followed by latrine access savings 15%, fertilizer savings 13% and health related savings 11%.  
 
Figures 25 and 26 indicate the benefit-cost ratios and EIRRs for the sensitivity analysis of the 
biogas plant for the household. The sensitivity analysis shows that different variables have 
relatively significant effects on economic benefits.  The result of the analysis suggests that each 
ETB invested in a biogas plant with 6 m3 size with latrine attached generates 3.13 ETB. When 
the latrine is excluded, the BCR drops from 3.13 to 2.78. Hence, latrine has significant economic 
benefits.   
 

When the time value is decreased by 25% the BCR is decreased from 3.13 to 2.76 and the EIRR 

dropped from 89% to 74%.  But if the time value is increased by the same, the BCR is increased 

from 3.12 to 3.55 and the EIRR is increased to 104%. The other very sensitive variable is biogas 

plant cost. As the cost is decreased by 25%, the BCR is decreased from 3.13 to 2.85 and EIRR is 
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dropped from 89 % to 74%. But the biogas plant cost is increased by the same the BCR is 

increased to 3.46 and the EIRR is increased to 111%.  

 

Figure 25: Sensitivity analysis for economic returns: benefit –cost ratios 

 
 
 Figure 26: Sensitivity analysis for economic returns: EIRRs 

 

 

 
 

0

0.5

1

1.5

2

2.5

3

3.5

4

B
C

R

Conservative base optimistic

0

20

40

60

80

100

120

E
IR

R
 (

%
)

Conservative Base Optimistic



 
 

76 

 

7. CONCLUSION AND RECOMMENDATIONS  
 

Conclusion: 

 
The study was conducted at Woreta Zureia village of Fogera woreda of the Amhara region, with 
the objectives of assessing the current status of traditional biomass energy use, assessing the 
biogas potential of the Amhara region and designing a biogas plant which can replace the 
traditional energy use. The study consisted of survey of the quantity and source of traditional 
energy in the selected households. The following points are the main outcomes of this study: 
 
� In study area, the daily household consumption of fuelwood and cow dung cake as traditional 

energy source are 5.5 kg and 5.0 kg respectively. The use of kerosene for lighting is 0.13 liter 
per household. From these energy sources, the daily household energy consumption is 
summed up to be 176.7 MJ. 

� The daily household biogas demand to substitute the current traditional energy consumption 
for cooking, heating and lighting energy is 1.73 m3n. 

� The volume of the biogas plant to produce this required amount of biogas is 6 m3 with 72 kg 
of daily input substrate (cow dung, water and human feces).  

� The biogas plant with the capacity of 1.73 m3n can reduce 6.1 ton of CO2 emission and can 
save 0.36 ha of forest annually.  

� The total financial benefits from the installation of the biogas plant in connection with health, 
fertilizer savings, fuel and fuel related savings is aggregated to be 4204 ETB annually at 
household level having five family members. 

� In the financial and economic analysis of the biogas plant, the resulting financial and 
economic internal rates of returns at which the NPV is zero were 33% and 89% respectively. 
Hence, the household decision to install a biogas plant leads to high capital gains. 

� Significant impacts on financial performance are observed at the cost of biogas plant and 
time value in the sensitivity analysis of the biogas plan installation.  

 

Recommendations: 

 
� Farmers in the rural Amhara region should be made awareness creation to practice renewable 

energy sources, like domestic biogas plant which has many benefits from the point of view of 
energy expenditure, healthy, environment, time and others. 

� In most parts of the Amhara region, cattle are reared in free grazing. This makes it difficult to 
collect the dung to feed the biogas plant. So, farmers having cattle should practice to manage 
their cattle in control manner. 

� Further studies are required to design cooking and heating utensils that are favorable for 
biogas use, as the traditional cooking utensils are very energy intensive and are not designed 
suitable for biogas use.  

� Even though here are opportunities to get attractive benefits from the installation of biogas 
plant, the initial investment cost is very high for most of rural households in the Amhara 
region. Therefore, reasonable subsidies and attractive loan conditions are very important 
since biogas energy system has substantial financial and economical benefits. 

 

 



 
 

77 

 

8. REFERENCES 

Acquater, 1996. Tendaho Geothermal Project Final 

Report, Volume II, Report H9804, Addis 

Ababa, Ethiopia. 

ADB FINESSE/UNDP/IEA Joint Activity 2006. 
Sustainable Production and Consumption of 
Biomass for Energy in Africa. Sub-Regional 
Synthesis Report Easter and Central Africa. 

AFAP, (Amhara Forestry Action Program), 1999. 
Challenges for Forestry Development in 
ANRS. AFAP, Volume II, BOA, Bahir Dar.  

AfDB, 2010. Electrical Transmission System 
Improvement Project. Federal Democratic 
Republic of Ethiopia, P-ET-FAO-008, July 
2010. 

AFREPREN, 2001. Energy for Rural Development in 
Ethiopia, Proceedings of a National Policy. 

AFREPREN/FWD, 2002. Africa Energy Data 
Handbook, Version 8, Nairobi. 

Agnes Klingshirn, 2007. GTZ-HERA Household 
Energy Program. Marketing in Household 
Energy Interventions-GTZ Experience from 
Different African Countries.  

Ahmed Wolela, 2004. Fossil Fuel Energy resources 
of Ethiopia: Oil Shale Deposit. Petroleum 
Operations Department, Ministry of Mineral 
and Energy, Addis Ababa, Ethiopia 

Aklog Laike, 1990. Forest Resources and MoA 
Forestry Development and Legislation: A 
Paper Presented to the Conference on 
National Conservation Strategy. 22-25 May 
1990, Office of the National Committee for 
Central Planning, Addis Ababa. 

Alemu M., 1999. Rural Household Biomass Fuel 
Production and Consumption in Ethiopia: a 
case study. 

Alemu Mekonnen and Tekie Alemu, 2001. Fuelwood 
Situation in Ethiopia: Pattern, Trend and 
Challenges. Department of Economics, Addis 
Ababa, Ethiopia. 

Almond D., 2006. Is the 1918 Influenza Pandemic 
Over? Long-Term Effects of Utero Influenza 
Exposure in the Post-1940 U.S Population. 
Journal of Political Economy. 

Amdeberhan, 2003. Geothermal Energy Potential in 
Ethiopia. Ethiopian Institute of Geological 
Studies, Addis Ababa, Ethiopia. 

André Seidel, 2008. Charcoal in Africa. Importance, 
Problems and possible Solution Strategies, 
Eschborn, April 2008. 

Araya H. and Edward S., 2006. A Success Story in 
Sustainable Agriculture. The Tigray 
Experience. The third World Network 
Penang, Malaysia. 

Ayça Ergeneman, 2003. Dissemination of Improved 
Cook Stove in Rural Areas of the Developing 
World. 

 Bajgain S., 2005. Nepal Biogas Programme: A 

Successful Model of Public-Private 

Partnership for Rural Household Energy 

Supply. 

Batidzirai B., 2006. Potential for Modern Production, 
Supply and Use of Biomass in southern 
Africa. International Energy Agency/AfDB 
FINASSE Africa Program Joint Activity on 
Sustainable Use, supply and Production of 
Biomass in Africa. 

Baygell N A., 1979. Energy Use in Ada Woreda. 
Internal Document, ILCA, Addis Ababa. 

Behera and Balamugesh, 2005. Indoor Air 
Pollutionw as a Risk Factor for Lung Cancer 
in Women. 

BoA (Bureau of Agriculture), 1997. Regional 
Conservation Strategy, Volume I-III. BoA, 
Bahir Dar, Ethiopia. 

Bodley J.H., 2000. Anthropology and Contemporary 
Human Problems (4th Edition). Mountain 
View, Mayfield Publishing Company. 

Borlaugh N.E. and Bowswell C.R., 1995. Mobilizing 
Science and Technology to Get Agriculture 
Moving in Africa’s Development. 
Development Policy Review Volume 13. 

Bruce N.L., 2006. Indoor Air Pollution. In Disease 
Control Priorities in Developing Countries, 2nd 
Edition, Jamison, D.T., et al, Eds. Washington 
D.C: World Bank, New York: Oxford 
University Press. 

BSP (Biogas Support Programme), 1994.  Nepal 
Biogas Plant: Construction Manual for GGC 
2047 Model Biogas Plant. Kathmandu, Nepal, 
September, 1994. 

Buswell A.M., and Hatfield W.D., 1936. Bulletin 32 
Anaerobic Fermentation. Urbana IL; State of 
Illinois. 

Byrne et al, 2004. Energy and Economics Impacts of 
Integrated Agricultural bio-energy  Synthesis 
in China and Institutional Strategies for Their 
Successful Diffusion. 

CBE (Commercial Bank of Ethiopia), 2007.  
Exchange Rate Statistics. 
http://www.combanketh.com/home.php?id=49 
(accessed in November 2, 2012). 

CEDEP (Consultants for Economic Development and 
Environmental Protection), 1999. Regional 
Agricultural Master Plan: Main report. 
CEDEP, Bahir Dar, Ethiopia. 



 
 

78 

 

Chan Melisa, 2000. Air pollution from Cook Stoves: 
Energy Alternatives and Policy in Rural 
China, Carnegie Mellon.   

Cheremisinoff et al., 1980. Biomass  Application 
,Technology and production, New York. 

CIA, 2011. 
https://www.cia.gov/library/publications/the-
world-factbook/geos/et.html, accessed 
February, 28. 

CIA, World Face Book, 2009. 
https://www.cia.gov/library/publications/the-
world-factbook/geos/et.html. 

CSA (Central Statistics Authority), 1998. 
Agricultural Sample Survey: Report on 
Livestock, Poultry and Beehives Population, 
Volume II. CSA, Addis Ababa, Ethiopia. 

CSA , 1999. Report on the 1998 welfare monitoring 
survey. CSA, Addis Ababa, Ethiopia. 

CSA, 2007.Population and Housing Census of 
Ethiopia. 

CSA, 2009. Agricultural Sample Survey 2008/09. 
Report on Livestock and Livestock 
Characteristics, Volume II.  

Daniel B. et al, 2009.  Mini Biogas Plant for 
Households. CD4CDM Working Paper No 8, 
August, 2009. 

David DuByne, 2010. Biogas Fueling the Olympic 
Torch. Biogas Digesters Expert Information 
and Articles-Biogas Usage and Expansion in 
China, http://biogas-digester.com/biogas-
usage-and-expansion-in-china.php, accessed 
November 8, 2010)  

David Wargert, 2009. Biogas in Developing Rural 
Areas. Environmental and Energy System 
Studies, Lund University. 

 Desai, Manish A; Mehta, Sumi; Smith, 2004. Indoor 
Smoke from Solid Fuels: Assessing the 
Environmental Burden of Disease at the 
National and Local Level. World Health 
Organization (WHO). 

Domanski, Jeffrey; Jemelkova; Johnson, et al., 2005. 
Breathing Easier in Rural China: Analysis of 
Options for Reducing Indoor Air Pollution 
from Burning Solid Fuel. Princeton 
University’s Woodrow Wilson School of 
Public and International Affairs. 

EARTHTRENDS , 2003. Agriculture and Food-
Ethiopia. 

Eckholm E., 1975. The Energy Crisis: Fuelwood, 
Worldwatch paper 1, Worldwatch Institute, 
Washington. 

EEA (Ethiopian Electric Energy), 2002. Rural 
Electrification Symposium Proceed 

EEPCO (Ethiopian Electric Power Corporation), 
2007.  Short to Mid Term Power System 

Expansion Need (Year, 2007-2015), Addis 
Ababa. 

EEPCO, 2006. The Wind Energy Project in Ethiopia, 
Internal Report, Addis Ababa, Ethiopia. 

EFAP, 1994. Ethiopian Forestry Action Program. 
Vol. II. The Challenges for Development. 
EFAP Secretariat, Addis Ababa. 

ENEC/CESEN, 1986. The Rural-urban Household 
Energy Survey, Design, Organization and 
Basic results, Technical Report 7, Cooperation 
Agreement in the Energy Sector, Main Report, 
Addis Ababa, September 1986. 

Energy Authority, 1993. Assessment of Household 
Energy Situation in Four Towns, North 
Ethiopia. Cooking Efficiency, Improvement 
and New Fuels Marketing Project. 

EPA (Environmental Protection Authority of 
Ethiopia), 1997. Environmental Policy of 
Ethiopia. 

EREDPC (Ethiopian Rural Energy Development and 
Promotion Centre), 2004. Annual report. 
Addis Ababa, Ethiopia. 

EREDPC, 2006. Indicative Dissemination Strategies 
of Biogas Energy in Ethiopia. 

EREDPC/MoRD, 2002. Integrated Rural Energy 
Strategy, Addis Ababa, Ethiopia. 

ESCAP United Nations Economic and Social 
Commission for Asia and the Pacific 2007. 
Recent Development in Biogas Technology 
for Poverty Reduction and Sustainable 
Development.   

ESHETE, D. G., SONDER, D. K. & HEEGDE, M. F. 
T. 2006. Report on the Feasibility Study of a 
National Program for Domestic Biogas in 
Ethiopia. 

ESHETE, G., KABO, M., WIJNHOUD, J. D. & 
SIMS, R., 2004. Identification Study on 
Renewable Energy and Energy Efficiency in 
Southern Nations and Nationalities Peoples 
Regional State and Ethiopia. SNV. 

EWB (Engineers Without Borders), 2004. “The 
Biogas Digester— A Sustainable Energy 
Production Technology for Rural 
Development in Sub-Saharan Countries,” 
Sustainable Development Research 
Competition.  

FAO, 1996. Biogas Technology: A Training Manual 
for Extension.  Support for Development of 
National Biogas Program 
(FAO/TCP/NEP/4451-T), Nepal. 

FAO, 2007. Biogas Processes for Sustainable 
Development. 
http://www.fao.org/docrep/T0541E/T0541E00
.HTM. 

Feibel H., 2003. An Interdisciplinary Approach to the 
Dissemination of Mini and Micro 



 
 

79 

 

Hydropower-the Case of Ethiopia (Doctoral 
Thesis).  

Gerald Leach and Marcia Gower, 1987. Household 
Energy Handbook. World Bank Technical 
Paper Number 67. 

Getachew Olana, 2002. Some Socio Economic 
Aspects of Biomass Energy in Ethiopia. 

Gold et al., 2000. Gold J.A. Jagirdar J. Hay J.G. 
Addrizzo-Harris D.J. Naidich D.P. Rom W.N. 
Hut lung. A Domestically Acquired Particulate 
Lung Disease.  

Goldemberg, J., Coelho, S. T., 2003. Renewable 
Energy - Traditional Biomass vs. Modern 
Biomass. Energy Policy 32. 

Govinda P., 2003. A report on: Biogas Installation 
and Training. Organized by: METTA 
Development Foundation and the Burma 
Sustainable Development Project (BSEP). 
Kathmandu, Nepal. 

Govinda Prasad Devkota (GPD) Consultant, 2003. A 
Report on Biogas Installation Training, 
Kathmandu, NEPAL, (October 30 to 
November 14, 2003). 

GTZ- German Technical Cooperation, 2009. National 
Survey on Current Status of Institutional 
Biogas Systems Installed in Ethiopia, Report 
by Bilhat Leta. December 2009, Ethiopia. 

GTZ, 2007. Household Energy and Marketing –
Experiences from Different Countries, 
International Seminaron Household Energy 
and Health , La Paz Bolivia.  

GTZ, 2010. Overview of Biomass Energy Resource 
in Ethiopia. Eastern Africa Regional Energy 
Resource Base.  http://regionalenergy-
net.com/index.php?option=com_content&task
=view&id=16&Itemid=133 (accessed July, 
2010)   

GTZ-HEPNR and EREDPC (Deutsche Gesellschaft 
für Tehnische Zusammenarbeit), 2004. 
Household Energy Protection of Natural 
Resource Project and Ethiopian Rural Energy 
Development and Promotion Centre). 

Habitat, 1993. Application of Biomass Energy 
Technologies. Nairobi, Kenya. 

Hall, D.O. 1987. Biomass: Re-generable Energy. 
National Research Council. King College, 
London. 

Hall, D.O. and Mao, Y.S., 1994. Biomass and Coal in 
Africa. Zed Books Ltd, London. 

Harris, P. 2008. A Brief History of Biogas From 
http://www.adelaide.edu.au/biogas/history/. 

Hashiramoto O. 2007. Wood-product Trade and 
Policy Issue. Cross-sectoral Policy 
Developments in Forestry. 

IEA 2003a. Energy Balances of Non-OECD 
Countries 2000-2001. IEA, Paris. 

IEA 2008. World Energy Outlook. OECD/IEA. IEA, 
Head of Communication and Information 
Office, Paris, France. 

IEA, 2002a. World Energy Outlook 2002, Energy 
and Poverty, International Atomic Agency 
Publications, 2002. 

IEA, 2002b. World Energy Outlook, 2002. IEA, Paris 
 IEA, 2003b. Energy Balances of OECD Countries 

2000-2001. IEA, Paris. 
IEA, 2004 “Ethiopia” INTUR (2002), 

http://www.iea.org, 2004, as accessed in April, 
2009. 

IEA, 2007. Electricity/Heat Data for Ethiopia 
http://www.iea.org/stats/electricitydata.asp?C
OUNTRY_CODE=ET (accessed June, 2010). 

IEA, 2008. Energy Technology Perspectives 2008- 
Scenarios & Strategies to 2050. Paris France. 

IPCC, 1995. Greenhouse Gas Inventory Manual-
IPCC Guideline for National Greenhouse Gas 
Inventories. 

Ishitani, H., and T.B. Johansson, 1996. Energy 
Supply Mitigation Options. In R.T. Watson 
and Others, eds., Climate Change 1995: 
Impacts, Adaptations and Mitigation of 
Climate Change: Scientific- Technical 
Analyses. Intergovernmental Panel on Climate 
Change. Cambridge: Cambridge University 
Press. 

Jargstorf, B., 2004a. Wind Energy Program TERNA, 
PN: 97.2019.4-001.09, Information for Project 
Appraisal: Ethiopia. 

Jargstorf, B., 2004b. Renewable Energy & 
Development, Deutsche Gesellschaft  
Technische Zusammenarbeit & Ethiopian 
Rural Energy Development and Promotion 
Centre, Addis Ababa, Ethiopia.  

Johansson, T. B., H. Kelly, A. K. N. Reddy, and R. 
Williams, 1993. Renewable Fuels and 
Electricity for a Growing World Economy:  
Defining and Achieving the Potential. 

Jurgen U, 1994. Indoor Air Quality in Rural Kitchen 
in Tigray, Ethiopia: Monitoring and Training. 

Karekezi S. & Kithyoma W. 2006. Bioenergy and 
Agriculture: Promises and Challenges. 
Bioenergy and the Poor. In: 2020 Vision for 
Food, Agriculture, and the Environment. 
International Food Policy Research Institute, 
Washington DC, USA. 

Karekezi S., 2004. Traditional Biomass Energy. 
Improving its Use and Moving to Modern 
Energy Use. Thematic Background Paper, 
International Conference for Renewable 
Energies, Bonn 2004. 

Karekezi, S. and Kithyoma, W., 2002. Renewable 
Energy Strategies for Rural Africa. 



 
 

80 

 

Karekezi, S., Banda, K. B., and Kithyoma, W., 2002. 
Improving Energy Services for the Urban Poor 
in Africa- A Gender Perspective. 

Kassler, P., 1994. Energy for Development. 
Kebede Faris, 2002. Survey of Indoor Air Pollution 

Problems. School of Environmental Health, 
Jimma University, Ethiopia .Vol. 12, No. 1. 

Kidane Workneh, Getachew Esthete,  2008. National 
Biogas Programme of  Ethiopia, Programme 
Implementation Document, SNV, Ethiopia. 

Kiyota et al., 2007. Kiyota K., Peitsch B., Sten R. 
Research Seminar in International Economics, 
the Case for Financial Sector Liberation in 
Ethiopia. Discussion Paper No.565. The 
University of Michigan, August 17, 2007 

Kloos H, Zein AZ, 1993.. The ecology of health and 
disease in Ethiopia. West View Press  
Sanfransisco.  

Konemund, T 2002. The Household Energy Crisis in 
Ethiopia- a Possible Way Out. Proceedings of 
Energy Conference Professional Associations 
Joint Secretariat, September 2002, Addis 
Ababa. 

Kosove D, 1993. Smoke Filled Rooms and 
Respiratory Infections. In: World Health 
Statistics Quarterly, Vol. 43, No 3. 

 Kumie A, Emmelin A, Wahlberg S, Berhane Y, Ali 
A, Mekonen E, Brandstrom D, 2007. 
Magnitude of Indoor NO2 from Biomass Fuels 
in Rural Settings of Ethiopia. 

Lagrange B., 1979.  Bio-methane 2: Principles - 
Techniques Utilization.  

Lagrange, B., 1979. Biomethane 2: Principles - 
Techniques Utilization. 

Lakew Desta, Menale Kassie, S. Benin and J. Pender, 
2006. Land Degradation and Strategies for 
Sustainable Development in the Ethiopian 
Highlands. Socio-economic and Policy 
Research Working Paper 32: Amhara Region. 

Lazarus, M.L., L. Greber, J. Hall, C. Bartels, S. 
Bernow, E. Hansen, P. Raskin, and D. Von 
Hippel. 1993. Towards a Fossil Free Energy 
Future, The Next Energy Transitions: A 
Technical Analysis for Greenpeace 
International, Stockholm Environmental 
Institute and Boston Cente. 

Leach, G., 1992. The Energy Transition, Energy 
Policy February 1992. 

Lewis, C., 1983. Biological fuels, London; Arnold. 
Lin et al, 2007. Lin H.H. Ezzati M. Murray M. 

Tobacco Smoke, Indoor Air Pollution and 
Tuberculosis: a Systematic Review and Meta-
Analysis.  

Ludwig Sasse, 1988. Biogas Plant. Publication of the 
Deutsches Zentrum für 
Entwicklungstechnologien - GATE in: 

Deutsche Gesellschaft für Technische 
Zusammenarbeit (GTZ) GmbH – 1988. 

Ludwig Sasse, Christopher Kellner and Ainea 
Kimaro, 1991. Improved Biogas Unit for 
Developing Countries. 

Lumby S. and Jones C., 2003. Corporate Finance 
Theory and Practices, 7th Edition 

Lund, M. S., S. S. Andersen and M. Torry-Smith 
,1996.  Building of a Flexibility Bag Biogas 
Digester. 

Marchaim, Uri, 1992. Biogas Processes for 
Sustainable Development, FAO, Rome. 

Masera, O.R., Saatkamp, B. D., and Kammen, D. M., 
2000. Energy and Health Transactions in 
Development: Fuel Uuse, Stove Technology, 
and Morbidity in Jaracuaro, Mexico. Energy 
for Sustainable Development. International 
Energy Initiate, India. 

McCabe,J; Echenfilder, W.eds ,1957. Biological 
Treatment of Sewage and Industrial Wastes. 
New York Publishing. 

MEDAC, 1999. Water for Energy. IN REPORTS, C. 
(Ed.) Ethiopia. Addis Ababa, Ministry of 
Water Resources. 

Mekonnen Kassa, 2002. Managing the Rural Energy 
Transition in Ethiopia. Desta et al (eds). 
Energy in Ethiopia: Status, Challenges, and 
Prospects. Proceedings of Energy Conference 
2002, Professional Associations Joint 
Secretariat, Addis Ababa, Ethiopia. 

Melis Teka Nega ,1995. Biogas as Rural Household 
Energy Option  the Case of Ethiopia, Master 
Thesis. 

Melisew Shanko, 2002. Overview of the Electricity 
Sector in Relation to Public- Private 
Partnerships in ETHIOPIA. 

Meynell, P-J., 1976. Methane Planning a Digester. 
Miller, Alan S., 1986. Growing Power: Bio Energy 

for Development and Industrialization. World 
Resources Institutes, a Center for Policy 
Research. 

Mishra and Retherford, 2007. Does Biofuel Smoke 
Contribute to Anemia and Stunting in Early 
Childhood?  

Mishra et al, 2004. Mishra V. Dai X. Smith K.R. 
Mika L. Maternal exposure to biomass smoke 
and reduced birth weight in Zimbabwe.  

MME (Ministry of Mines & Energy of Ethiopia), 
2010. Energy Policy of Ethiopia, power point 
presentation Japan International Cooperation.   
www.eneken.ieej.or.jp/data/3230.pdf, 11 May 
2010.  

Mongabay, 2010. Ethiopian Forest Information and 
Data. 
http://rainforests.mongabay.com/deforestation/
2000/Ethiopia.htm, accessed November, 2010 



 
 

81 

 

MoNRDEP (Ministry of Natural Resources 
Development and Environmental Protection), 
1994. The challenges to Development, Vol II. 
Addis Ababa, Ethiopia. 

MoRD, 2002. Integrated Rural Energy Strategy. 
Draft Document Ethiopian Rural Energy 
Development and Promotion Center. Addis 
Ababa, Ethiopia. 

Muhe L, 1997.  ARI in Rural Ethiopian Children, 
Description of the Study Setting and Review 
of Literature. Ethiop J Health Dev, Vol. II. 
Special Issue. 

Mulugeta Adamu, 2002. Some Options for Rural 
Electrification in Ethiopia.  

Nadejda M. Victor and David G. Victor, 2002. Macro 
Patterns in the Use Traditional Biomass Fuels 
New Delhi, 5-7 November 2002. 

Naeher et al, 2007. Naeher L. Brauer M. Lipsett M. 
Zelikoff J. Simpson C. Koenig J. Smith K. 
Wood Smoke Health Effects. 

NationalMaster.com, 2010a. Electricity Energy 
Consumption Per Capita in 2006. 
http://www.nationmaster.com/graph/ene_ele_c
on_percap-energy-electricity-consumption-
per-capita (accessed September, 2010). 

NationMaster.com, 2010b. Energy Statistics: 
Traditional Fuel Consumption by Country. 
http://www.nationmaster.com/graph/ene_tra_f
ue_con-energy-traditional-fuel-consumption , 
accessed November 31, 2010. 

Parikh, J.K. 1983. Perspectives on Rural Energy: 
Demand, Supply and Constraints; in H. Neu 
and D. Bain (eds), Natural Energy Planning 
and Management in Developing Countries, D. 
Reidel Publishing, Boston, Lancaster. 

Perez-Padilla et al, 2001. Perez-Padilla R. Perez-
Guzman C. Baez-Saldana R. Torres-Cruz A. 
Cooking with biomass stoves and tuberculosis. 

Prakash C. Ghimire , 2008. Training of Trainers 
(TOT) on Construction and Supervision of 
SINIDU Model Biogas Plant for Ethiopia, 
prepared for National Biogas Programme 
(NBP) EREDPC/SNV Ethiopia. 

Regalado et al, 2006. Regalado J. Perez-Padilla R. 
Sansores R. Paramo Ramirez J.I. Brauer M. 
Pare P. Vedal S. The Effect of Biomass 
Burning on Respiratory Symptoms and Lung 
Function in Rural Mexican Women. 

REMDPA (Amhara National Regional State, Rural 
Energy and Mining Resource Development 
and Promotion Agency), 2007. Annual report, 
Bahir Dar, Ethiopia. 

Renga Nathan, 2010. Biogas in India-Current Status 
and Future Possibilities. 
http://ezinearticles.com/?Biogas-in-India. 

Renwick M., Subedi P.S. and Hutton G., 2007. 
Biogas for Better Life: An African Initiative. 
A Cost-Benefit Analysis of National and 
Regional Integrated Biogas and Sanitation 
Programs in Sub-Saharan Africa, Draft Final 
Report. Prepared for Dutch Ministry of 
Foreign Affairs.  

REPD (Rural Energy Promotion Desk of Fogera 
woreda), 2009. Rural Household Fuel 
Consumption Pattern in Fogera District. 

Rudan et al, 2004. Rudan I. Tomaskovic L. Boschi-
Pinto C. Campbell H. Global Estimate of the 
Incidence of Clinical Pneumonia Among 
Children Under Five Years of Age. World 
Health Organization. 

Salome B. Misana, 1999. Deforestation in Tanzania, 
a developing crisis? The Experience of 
Kahama District: Social Science Research 
Report, Series No 13. Addis Ababa, Ethiopia. 

Sathaye, J., Meyers, S., 1985. Energy use in Cities of 
the Developing Countries in ‘Annual Review 
of Energy’. Annual Review Inc. Palo Alto. 

Sathianathan, M. A., 1975. Biogas Achievements and 
Challenges. Association of Voluntary 
Agencies of Rural Development, New Delhi, 
India. 

SESAM (Sustainable Energy Systems and 
Management), 2008. Application of 
Renewable Energy in Fuelling Sustainable 
Development in Africa. African Alumni 
Workshop Accra/Kumasi May 05-09, 2008. 

Smith et al, 2000. Smith K.R. Samet J.M. Romieu I. 
Bruce N. Indoor Air Pollution in Developing 
Countries and Acute Lower Respiratory 
Infections in Children.  

Sofoluwe, 1968. Sofoluwe G.O. Smoke Pollution in 
Dwellings of Infants with Bronchopneumonia.  

Stokes, AC, 2006, 'Towards a Quantification of the 
Benefits to Health of Appropriate Technology 
Development Work in Addis Ababa, Ethiopia', 
Master’s Thesis, Baylor University, the United 
States. 

Straif et al, 2006. Straif K. Baan R. Grosse Y. 
Secretan B. El Ghissassi F. Cogliano V. WHO 
International Agency for Research on Cancer 
Monograph Working Group. Carcinogenicity 
of Household Solid Fuel Combustion and of 
High-temperature Frying.  

Subramanian, S. K., 1977.  Bio-Gas Systems in Asia, 
Management Development Institute, NEW 
DELHI. 

Svetlana Ladanai & Johan Vinterbäck, 2009. Global 
Potential of Sustainable Biomass for Energy 
use, Swedish University of Agricultural 
Sciences, Department of Energy and 
Technology.   



 
 

82 

 

Tamiru Sebsbe, 1998. Farmers’ Perception and 
Adoption to Introduced Soil Conservation 
Measures in Yilmana Densa wereda, West 
Gojam Administrative Zone, Ethiopia. MSc 
Thesis, Agricultural University of Norway, 
Oslo, Norway.  

The World Bank, 2010. Energy Use (kg of oil 
equivalent per capita). 
http://data.worldbank.org/indicator/EG.USE.P
CAP.KG.OE/countries/1W-ET-SD-
KE?display=graph (accessed July, 2010) 

Trading Economics, 2010. Combustible Renewbles 
and Waste (metric tons of oil equivalent) in 
Ethiopia. 
http://www.tradingeconomics.com/ethiopia/co
mbustible-renewables-and-waste-metric-tons-
of-oil-equivalent-wb-data.html (accessed 
25/7/2010) 

UNECA (United Nations Economic Commission for 
Africa), 1996. Sustainable Agriculture and 
Environmental Rehabilitation Program: 
Household Level Socio-economic Survey of 
the Amhara Region.  

WEC (World Energy Council),1994. Energy for 
Tomorrow’s World.  

WEC, 2004. Survey of Energy Resources. Elsevier 
Ltd. Netherlands. 

WFP (World Food Program), 2010. Ethiopian 
Monthly Market Watch. 
http://documents.wfp.org/stellent/groups/publi
c/documents/ena/wfp229900.pdf. Accessed in 
December, 2010 

WHO, 2006. Revised Global Burden of Disease 
(GBD) 2002 Estimates. 
http://www.who.int/healthinfo/global_burden_
disease/en/index.html 

WHO, 2007. Indoor Air pollution: National Burden 
of Disease Estimates. 

Wikipedia, 2009, “Ethiopia’’, 
http://en.wikipedia.org/wiki/Ethiopia. 

Wikipedia, 2010.  
http://en.wikipedia.org/wiki/Amhara_Region. 

Wikipedia, 2011. 
http://en.wikipedia.org/wiki/Wereta,   
Accessed in January 1, 2011. 

Wikipedia, 2012 
http://en.wikipedia.org/wiki/List_of_countries
_by_percentage_of_population_living_in_pov
erty 

Woldeamlak Bewket, 2005. Biofuel Consumption, 
Household Level Tree Planting and its 
Implications for Environmental Management 
in the Northwestern Highlands of Ethiopia, 
(EASSRR, 36 vol. XXI, no. 1 , January 2005). 

Wolde-Ghiorgis , 2004. Renewables in Eastern and 
Horn of Africa: Status and Prospects.  

Wolde-Ghiorgis, 2003. Renewables and Energy for 
Rural Development in Ethiopia: Needs for 
Initiatives and Prioritization of Renewable 
Energy Technologies for Income-Generating 
Activities. 

Wood, A. P., 1990. Natural Resources Management 
and Rural Development in Ethiopia, 
inSiegfried Pausewang, Fantucheru, Stefan 
Brune and, Eshetu Chole (Eds), Ethiopia: 
Options for Rural Development. Zed Bookd 
Ltd, London and New Jersey. 

World Bank, 1983.  Energy Transition in Developing 
Countries. Washington, D.C. 

World Bank, 1996. Rural Energy and Development: 
Improving Energy Supplies for Two Billion 
People. Washington D.C. 

World Bank, 2009. World Development Indicators 
(WDI). WDI Online Databases. Available at 
http://web.worldbank.org/. 

Wu C, Maurer C, Wang Y, Xue S, Davis DL, 1999.  
Water Pollution and Human Health in China, 
Environmental Health Perspectives.  

Zenebe Gebreegziabher, 2007. Household Fuel 
Consumption and Resource Use in Rural-
Urban Ethiopia. 

Zhou and Kobzik, 2007. Zhou H. Kobzik L. Effect of 
Concentrated Ambient Particles on 
Macrophage Phagocytosis and Killing of 
Streptococcus Pneumoniae. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

83 

 

Appendix A 

Table A1: Material requirement and cost breakdown of different biogas plant sizes 

No Item Unit 

Uni

t 

cost 

4m3 6m3 8m3 10m3 

Qua

ntity 

Total 

cost 

Qua

ntity 

Total 

cost 

Qua

ntity 

Total 

cost 

Qu

anti

ty 

Total 

cost 

I Construction material           

1 Stone m3 70 4 280 4.5 315 5 350 6 420 

2  Sand  m3 207 2.1 435 2.3 476 2.5 518 2.8 580 

3 Cement (50kg) bag 215 15 3225 18 3870 21 4515 25 5375 

4 Gravel, 2cm average diameter m3 180 1.5 270 1.7 306 2 360 2.5 450 

5 PVC pipe 10cm dia. Length 6m pcs 165 1 165 1 165 1 165 1 165 

6 Iron bars Ø 6mm kg 21 10 210 12 252 14 294 17 357 

7 Binding wire  kg 28 0.5 6 0.5 6 0.5 6 0.5 6 

8 Acrylic emulsion paint lit 35 1 35 1 35 1 35 1.5 53 

 Subtotal I 4626  5422  6243  7388 

 Accessories        

9 
G.I nipple, Ø 0.5”, for connecting main 
gas pipe and valve and reducing elbow 

pcs 
110 1 110 1 110 1 110 1 110 

10 Main gas valve,  Ø 0.5” pcs 40 1 40 1 40 1 40 1 40 

11 
Male- female socket, Ø 0.5”, G.I. with 
aluminum thread, for connecting gas valve 
and gas pipeline  

pcs 
5 1 5 1 5 1 5 1 5 

12 G.I. 900  elbow pcs 5 4 20 4 20 4 20 4 20 

13 T-socket Ø 0.5” for water trap pcs 5 1 5 1 5 1 5 1 5 

14 Water drain pcs 40 1 40 1 40 1 40 1 40 

15 Gas tap pcs 35 1 35 1 35 1 35 1 35 

16 Teflon tape pcs 2 4 8 4 8 4 8 4 8 

17 G.I. pipe, Ø 0.5” m 40 12 420 12 420 12 420 12 420 

18 Gas rubber hose pipe and 2 clamps m 10 1 10 1 10 1 10 1 10 

19 Stove- single burner  pcs 400 1 400 2 800 2 800 2 800 

20 Lamp pcs 200 1 200 1 200 1 200 1 200 

21 Pressure Manometer pcs 10 1 10 1 10 1 10 1 10 

 Subtotal-II 1303  1703  1703  1703 

III Labours       

22 Skilled labour No. 150 9 1350 10 1500 11 1650 12 1800 

23 Unskilled labour No. 30 22 660 26 580 32 960 35 1050 

 Subtotal-III 2010  2080  2610  2850 

 Total  7939  9205  
1054
6 

 
1192
9 
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Table A2: Material requirement and cost breakdown of pour-flash latrine for different biogas 
plants (adopted from Renwick et al., 2007) 

No Item Unit 
Unit 

cost 

4m3 6m3 8m3 10m3 

Quant

ity 

Total 

cost 

Qua

ntity 

Total 

cost 

Qua

ntity 

Total 

cost 

Quant

ity 

Total 

cost 

I Construction material           

1 Stone m3 70 0.5 35 0.5 35 0.5 35 0.5 35 

2  Sand  m3 207 0.15 31 0.15 31 0.15 31 0.15 31 

3 Cement (50kg) bag 200 2 400 2 400 2 400 2 400 

4 Gravel , 2cm  average diameter m3 180 0.3 54 0.3 54 0.3 54 0.3 54 

5 Hollow block (15x40x20cm) No. 6.0 125 750 125 750 125 750 125 750 

6 PVC pipe 10cm dia. Length 6m pcs 165 1 165 1 165 1 165 1 165 

7 Iron bars Ø 8mm  kg. 18 31 558 31 558 31 558 31 558 

8 Iron bars Ø 6mm kg 21 7 147 7 147 7 147 7 147 

9 Binding wire  kg 28 0.5 14 0.5 14 0.5 14 0.5 14 

10 G.I sheet  pcs 90 2 180 2 180 2 180 2 180 

11 Nails  kg 24 2 48 2 48 2 48 2 48 

12 Pour-flush squatting pan pcs 200 1 200 1 200 1 200 1 200 

 Subtotal  2582  2582 2582 2582 2582 2582 

II Labour           

1 Skilled labour No. 90 2 180 2 180 2 180 2 180 

2 Unskilled labour No 20 2 40 2 40 2 40 2 40 

 Subtotal  220  220  220  220 

Total  2802  2802 2802 2802 2802 2802 
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Table A3: Local cost of materials and labor power for biogas plant construction  

No Item  unit Unit cost Average 

unit cost 
Data 1 Data 2 Data 3 Data 4 Data 5 

I Construction material        

1 Stone m3 60 75 80 65 70 70 

2  Sand  m3 215 220 230 200 170 207 

3 Cement (50kg) bag 220 215 215 215 210 215 

4 Gravel, 2cm average diameter m3 180 180 180 180 180 180 

5 PVC pipe 10cm dia. Length 6m pcs 165 165 165 165 165 165 

6 Iron bars Ø 6mm kg 21 21 21 21 21 21 

7 Binding wire  kg 28 28 28 28 28 28 

8 Acrylic emulsion paint lit - - - - 35 35 

II Accessories         

9 
G.I nipple, Ø 0.5”, for connecting 
main gas pipe and valve and 
reducing elbow 

pcs 
110 110 110 110 110 110 

10 Main gas valve,  Ø 0.5” pcs 40 40 40 40 40 40 

11 

Male- female socket, Ø 0.5”, G.I. 
with aluminum thread, for 
connecting gas valve and gas 
pipeline  

pcs 

5 5 5 5 5 

5 

12 G.I. 900  elbow pcs 5 5 5 5 5 5 

13 T-socket Ø 0.5” for water trap pcs 5 5 5 5 5 5 

14 Water drain pcs - - - - 40 40 

15 Gas tap pcs - - 35 35 35 35 

16 Telfon tape pcs 2 2 2 2 2 2 

17 G.I. pipe, Ø 0.5” m 40 40 40 40 40 40 

18 Gas rubber hose pipe and 2 clamps m 10 10 10 10 10 10 

19 Stove- single burner  pcs -- 400 400 400 400 400 

20 Lamp pcs - - - - 200 200 

21 Pressure Manometer pcs - - - - 10 10 

III Daily Labours        

22 Skilled labour No 150 150 150 150 150 150 

23 Unskilled labour No 25 30 30 30 35 30 
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Table A4: Local costs of materials and labor power for pour-flush latrine construction  

No Item 
Unit 

 

Unit cost 

 
Average 

unit  cost 

Data 1 Data 2 Data 3 Data 4 Data 5 

I Construction material        

1 Stone m3 60 75 80 65 70 70 

2  Sand  m3 215 220 230 200 170 207 

3 Cement (50kg) bag 200 200 195 205 200 200 

4 
Gravel , 2cm  average 
diameter 

m3 
180 180 180 180 180 180 

5 
Hollow block 
(15x40x20cm) 

No. 6.0 6.0 6.0 6.0 6.0 6.0 

6 
PVC pipe 10cm dia. 
Length 6m 

pcs 165 165 165 165 165 165 

7 Iron bars Ø 8mm  kg. 18 18 18 18 18 18 

8 Iron bars Ø 6mm kg 21 21 21 21 21 21 

9 Binding wire  kg 28 28 28 28 28 28 

10 G.I sheet  pcs 90 90 90 90 90 90 

11 Nails  kg 24 24 24 24 24 24 

12 Pour-flush squatting pan pcs 200 200 200 200 200 200 

II Labour        

13 Skilled labour No  90 90 90 90 90 90 

14 Unskilled labour No  20 20 20 20 20  20 

 

Table A5: Sensitivity analysis for financial return of 6 m3 biogas plant 

Item 

 

Benefit-cost ratio (BCR) 

 

Financial internal rate of return (FIRR) 

Conservative Base Optimistic Conservative Base Optimistic 

Biogas  plant cost 1.78 2.12 2.63 26 33 43 

Latrine cost 2.0 2.12 2.25 31 33 36 

No latrine 0.0 2.12 2.25 0 33 36 

Purchased fuel (% 
fuelwood) 

1.97 2.12 2.35 30 33 37 

Fuelwood price 2.02 2.12 2.22 31 33 35 

Kerosene price 2.06 2.12 2.19 32 33 34 

Income generating time 
(%) 

2.03 2.12 2.21 31 33 35 

Value of slurry 1.97 2.12 2.28 30 33 36 

Health value 2.05 2.12 2.2 31 33 35 

Time value 1.93 2.12 2.32 29 33 37 

Discount rate 1.84 2.12 2.48 33 33 33 
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Table A6: Sensitivity analysis for economic return of 6 m3 biogas plant 

Item 

 

Benefit-cost ratio (BCR) 

 

Economic  internal rate of return 

(EIRR) 

Conservative Base Optimistic Conservative Base Optimistic 

Biogas  plant cost 2.85 3.13 3.46 74 89 111 

Latrine cost 3.04 3.13 3.22 84 89 95 

No latrine 0 3.13 2.78 0 89 86 

Purchased fuel (% 
fuelwood) 3.05 3.13 3.32 87 89 96 

Fuelwood price 3.07 3.13 3.18 87 89 91 

Kerosene price 3.09 3.13 3.16 88 89 90 

Income generating time 
(%) 3.08 3.13 3.17 88 89 91 

Value of slurry 3.02 3.13 3.23 86 89 93 

Health value 3.04 3.13 3.21 86 89 92 

Time value 2.7 3.13 3.55 74 89 104 

Environmental benefits 2.96 3.13 3.29 83 89 95 

Discount rate 2.9 3.13 3.37 89 89 89 
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Appendix B. Data collection formats                          

Appendix B1 

Daily household energy consumption data collection format 

Date ----------------------------------------- 

Name of enumerator ------------------------------signature----------------Date------------------- 

1. Household number (code) ------------------------------------------------------------------------ 

2. Name of the household head --------------------------------------------------------------------- 

3. Kebele-----------------------------Locality (Gote) ----------------------------------------------- 

4. Number of family members---------------------------------------------------------------------- 

5. Number of cattle/cows---------------------------------------------------------------------------- 

6. Types of fuels used and their purposes 

6.1---------------------------cooking/heating  �  lighting  � collecting �  purchasing �  

6.2--------------------------- cooking/heating �  lighting  � collecting �  purchasing � 

6.3--------------------------- cooking/heating �  lighting  � collecting �  purchasing � 

6.4--------------------------- cooking/heating �  lighting  � collecting �  purchasing � 

6.5--------------------------- cooking/heating �  lighting  � collecting �  purchasing � 

6.6 Others------------------- cooking/heating �  lighting  � collecting �  purchasing � 

7. Amount of a bundle of fuelwood (kg) ----------------------------------------------------- ------ 

   7.1 Number of bundles used in one week--------------------------------------------------------- 

8. Amount of a bundle of agricultural residue (kg) ----------------------------------------------- 

   8.1 Number of bundles used in one week--------------------------------------------------------- 
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9. Amount of a sack of dry dung cake (kg) -------------------------------------------------------- 

   9.1 Number of sacks used in one week----------------------------------------------------------- 

10. Amount of a sack of charcoal (kg) ------------------------------------------------------------- 

10.1 Number of sacks used in one week----------------------------------------------------------- 

11. Amount of kerosene used in one week (liter) ------------------------------------------------ 

12. Amount of Dung collected: 

                                                         Days ( one week) 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total 

Fresh dung 

collected 

(kg) 

        

 

11. Other descriptions------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------- 
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Appendix B 2  
 
Data collection format for material and labour power costs of biogas plant 

 

Collector-------------------------------------------signature -------------------------date------------------ 

Town/area-------------------------------------------------------------------------------- 

Vendor/supplier----------------------------------------------------------------------------- 

 

No Item  unit Unit  cost 

(ETB) 

I Construction material   

1 Stone m3  

2  Sand  m3  

3 Cement (50kg) bag  

4 Gravel, 2cm average diameter m3  

5 PVC pipe 10cm dia. Length 6m pcs  

6 Iron bars Ø 6mm kg  

7 Binding wire  kg  

8 Acrylic emulsion paint lit  

II Accessories    

9 
G.I nipple, Ø 0.5”, for connecting main gas pipe and 
valve and reducing elbow 

pcs 
 

10 Main gas valve,  Ø 0.5” pcs  

11 
Male- female socket, Ø 0.5”, G.I. with aluminum thread, 
for connecting gas valve and gas pipeline  

pcs 
 

12 G.I. 900  elbow pcs  

13 T-socket Ø 0.5” for water trap pcs  

14 Water drain pcs  

15 Gas tap pcs  

16 Telfon tape pcs  

17 G.I. pipe, Ø 0.5” m  

18 Gas rubber hose pipe and 2 clamps m  

19 Stove- single burner  pcs  

20 Lamp pcs  

21 Pressure Manometer pcs  

III Daily Labours   

22 Skilled labour No  

23 Unskilled labour No  
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Appendix B 3  
 
Data collection format for material and labour power costs of pour-flush latrine 

 

Enumerator-------------------------------------------signature -------------------------date------------------ 

Town/area----------------------------------------------------------------------------- 

Vendor/supplier---------------------------------------------------------------------- 

 

 

 

 

 

 

 

 

 

 

 

No Item 

Unit 

 

Unit  cost 

(ETB) 

I Construction material   

1 Stone m3  

2  Sand  m3  

3 Cement (50kg) bag  

4 Gravel , 2cm  average diameter m3  

5 Hollow block (15x40x20cm) No.  

6 PVC pipe 10cm dia. Length 6m pcs  

7 Iron bars Ø 8mm  kg.  

8 Iron bars Ø 6mm kg  

9 Binding wire  kg  

10 G.I sheet  pcs  

11 Nails  kg  

12 Pour-flush squatting pan pcs  

II Labour   

13 Skilled labour No   

14 Unskilled labour No   
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Appendix C 

Equations used to calculate financial and economical analyses 

1. Net Present Value  

 
Net present value is suitable for analyzing the relative viability of the project, i.e. it can tell us 
whether the project is more economical than others. Therefore, applying the net present value 
method for the biogas plant investment at the household level, the investment can be considered 
as profitable if its NPV is positive. 
 

��� =� A(1 + r)�


��
 

 
Where, A the biogas plant cash flow (either positive or negative) in time t,  n represents the time 
in year and r the annual rate of interest. 
 

2. Internal Rate of Return  

 

The other method which can be applied for the purpose of viability calculation is the internal rate 
of return (IRR). It is the discount rate at which the net present value (NPV) is zero. Hence, this 
method is used to calculate both financial internal rate of return (FIRR) and economic internal 
rate of return (EIRR) using the following equation.  
 
 

� A(1+ r)� 	= 0


��
 

 
 
Therefore, the IRR is the value for r that satisfies the above equation.  
 

3. Benefit-cost ratio (BCR)  

It is also the other simple method which is used for viability calculation of the biogas plant. If 
BCR of a project is greater than unity the project can considered feasible. 
 

��� = �����	������������	����  

 


