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Abstract 

Biogas is potential source of energy, particularly where there is an abundant supply of waste 

organic matter. Thus, it is expected that, the greater part of the potential have to be realized 

through community (institutional) biogas plants of large capacities. Therefore, it is paramount to 

come up interest in Biogas technology growing in Ethiopia at institutional level in addition to at 

household level. Thus, monitoring of the adoption or adaptation of Institutional biogas 

technologies is an integral part of the biogas technology dissemination or transfer system. The 

overall objective of the study was to assess the status of institutional biogas plants constructed 

across Ethiopia over the past years. The field study was carried out in the selected five regions 

by taking four different road routs from Addis Ababa. Analysis and interpretation of the result 

have been done with the data and information from the selected regions using SPSS Software. 

The general outcome of this study suggested that the distribution of biogas technology in 

Ethiopia relative to its demand and potential is insignificant. As the study indicates, during the 

27-year period, covering 1974 to 2001 E.C, the total number of institutional biogas plants in the 

selected five regions (i.e. Amhara, Addis Ababa, Oromia, SNNPR and Harari) was 91. The most 

important purpose for the installation of biogas plants in 94.5% institutions were for cooking. 

However, 5.5% institutions installed biogas plants for the purpose of teaching or demonstration 

only. Even though, there are a number of defects and weaknesses, the functional status of biogas 

plants on average was satisfactory. However, there are lots of rooms for further improvement. 

Out of the 91 plants under study, 51.6% plants were functioning and the remaining 48.4% plants 

were not functioning (i.e. gas could not be utilized) at all during the time of field investigation. 

Besides technical and construction problems, there is high management problem in 

School/Colleges/University and Prisons than in Hotels, Hospitals, and other institutions. This 

poor management in the former institutions might be either due to less demand for biogas or due 

to lack of the sense of ownership or responsibility. The performance of institutional biogas 

system is highly related on one hand to the commitment and support of the institution managers 

and on the other hand to the skills of internal operators and the technical and maintenance 

support availed for each institution. For almost all institutions visited, there is a strong need of 

permanent technical support. 
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CHAPTER ONE 
 

1 Introduction 

1.1 Background 

The future of life on our planet is a matter of increasing concern, as we are being confronted with 

several warnings about the growing fragility of the earth’s life support system. Expanding our 

understanding to the life support systems and to sustainable development is the most important 

issues humankind presently facing, and challenge humankind from the perspective of sustainability 

(Wall, 2005). 

Today, energy system is unsustainable because of equity issues as well as environmental, economic, 

and geopolitical concerns. The current energy system is not sufficiently reliable or affordable to 

support widespread economic growth in least developed countries. In addition, negative 

environmental impacts of energy services at all levels threats the health and well-being of present 

and future generations (Doelle, 2001). 

Sustainable energy production and use are important features for adequate energy services for 

satisfying basic human needs, improving social wellbeing, achieving economic development and 

keeping the quality of life of current and future generations without exceeding the carrying capacity 

of the ecosystems.  However, it has been shown that current energy consumption patterns are 

aggravating various global problems, leading to further unsustainability. On the other hand, energy 

can also contribute to the solution of problems; in particular, poverty, the situation of women, 

population growth, unplanned urbanization, and excessively consumptive life styles. Thus poverty 

alleviation in developing countries, like Ethiopia should involve the energy strategy of universal 

access to adequate, affordable, reliable, high-quality, safe, and environmentally benign modern 

energy services, particularly for cooking, lighting, income generation, and transport. 

 

All energy used by man originates from one of the following sources: sun (solar energy), 

geothermal energy, tidal energy and nuclear energy. The predominant form is solar energy, 

thousands of times larger than all the others and inexhaustible as long as the sun shines. Energies 

can be categorized renewable and non-renewable: renewable energy sources include 
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hydropower, biomass energy, solar energy, wind energy, geothermal energy, and ocean energy, 

which are inexhaustible or can be replenished with in human life span. Except ocean energy, all 

forms of renewable energies are relevant in Ethiopia. On the other hand non-renewable energies 

such as, fossil fuels and nuclear energy are not last forever. It is clear, therefore, that in due time 

renewable energies will have to dominate the worlds energy system. This is due to their inherent 

advantages such as mitigation of climate change; generation of employment; reduction of 

poverty, as well as increased energy security and supply (Benjamin, 2004). 

 

Modern biomass energy, like biogas energy produced by anaerobic digestion is widely used in 

many industrialized countries as well as in parts of the developing world. In suitable climatic 

zones, and with proper management backed by adherence to appropriate ecological practices, 

modern biomass can be a suitable source of electricity as well as liquid and gaseous fuels. 

Biomass, therefore, is not only a vital source of energy for many today, but is likely to remain an 

important source of energy in the future, provided suitable ways of sustainable exploitation are 

employed. Anaerobic digestion of biodegradable wastes for production of biogas is widely 

studied subject. Properly functioning biogas systems can yield a whole range of benefits for their 

uses including production of heat, light and electricity, transformation of organic waste into high 

quality fertilizer, improvement of hygienic condition and environmental advantages through 

protection of soil, water and air (Tafdrup, 1995). 

 

Biogas is a naturally occurring byproduct of decaying plant and animal material. It is often found 

in bogs, wetlands, and even landfills. The process can be duplicated in biogas generators using 

bacteria to break down organic material such as agricultural, municipal, and industrial wastes of 

varying types. The resulting methane gas is an efficient source of energy for cooking, 

combustion engine, and burned to produce electricity. It is a remarkable process that turns waste 

into energy (Kellner, 2007). It must be understood that although biogas is presented here as the 

only energy generating system, it is not the only way of extracting the energy back from biomass 

(burning, pyrolysis are some of the many examples). 
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Many developing countries resolved their energy and waste problems by developing biogas 

technology. Ethiopia is one of the countries among those initiated to promote biogas technology 

to reduce the severe energy problem faced especially in the household energy sector; since more 

of the energy requirement is allocated for the household energy. Thus, the promotion of biogas 

technology has started a long time ago (Siltan Abraha, 1989). 

 

Biogas technology was introduced in Ethiopia as early as 1979, when the first batch type digester 

was constructed at the Ambo Agricultural College. In the last 25 years, around 1,000 biogas 

plants were constructed in households, communities, and governmental institutions in various 

parts of the country. According to documents, around 40 per cent 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; and water 

problems (Boers, et al., 2007). 

  

For Ethiopia, livestock plays an important role as an agriculture-dependent country, where there 

has been little experience in biogas systems. Animal and human excreta are generally available 

within rural areas, and there is a potential for larger biogas digester program for cooking, lighting 

and other purposes within the country. Thus, currently Ethiopian Rural Energy Development and 

Promotion Center (EREDPC) and Netherlands Development Organization (SNV) have set up a 

national Biogas Programme (NBP), and completed a feasibility study of a support program for 

domestic biogas plants in rural households in Ethiopia (Boers, et al., 2007). 

 

In the previous time, the promotion of biogas plant was mostly concentrated on household, 

research institution and farmers association. The dissemination strategy was also through subsidy 

with limited participation of the beneficiaries in the implementation of the programs. On the 

consumption side the approach was not commercial and the promotion of the technology owned 

by the governmental and donor organization. However, the emerging of private owned 

commercial farms and service giving organization with the shortage of energy and sanitation 

problem attracted by biogas technology in commercial bases. The location of the firm also 

contributes to the use of this technology (Alemayehu Zeleke, 2004). 
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    1.2 Statement of the Problem 

The most prominent issues in Ethiopia’s domestic energy sector include; heavy reliance on 

biomass fuels, by tradition relatively high domestic energy consumption, low level of renewable 

energy and/or energy efficiency technology, energy demand in most areas significantly exceeds 

the supply. As a result: fuel wood is over-harvested in many areas, contributing to deforestation 

of already ecologically sensitive areas; fuel wood and charcoal have been and are rapidly 

becoming more expensive; households and large  institutions cope by substituting fuel wood 

with dung cake and agricultural residue(Getachew Eshete et al., 2006). Thus, the need for 

ultimate source of energy is a vital issue of the present day in Ethiopia. This is because of, a) the 

international energy crises that follows the extraordinary price growth of hydrocarbon fuel in the 

international market, and b) environmental issues that are found in Ethiopia where people are 

highly dependent on burning of bio fuels (i.e. firewood, charcoal and cow dung) for house hold  

purposes.  

Although the country has abundant energy resources, its potential is not yet well developed due 

to lack of capacity and investment. As a result, all of the needed fossil fuel and gas is imported 

from abroad, and its fuel wood resource exploited unsustainably, which led to deforestation and 

hence land degradation in the country. Thus, it is paramount to develop renewable energy 

sources. The overall expansion of renewable energy technologies (RETs) so far has relied upon 

government and donor agency assistance in the form of subsidies and grants. This does not mean 

that these technologies are financially unattractive. Beyond doubt, RETs can compete with other 

conventional alternatives. The proper design and implementation of these technologies can boost 

socio-economic development and address environmental concerns. Based on their 

implementation in the past, these technologies have not always been successful in rural Ethiopia 

(Benjamin, 2004).  

 

Systems for the recovery and utilization of household and community wastes are gaining a more 

prominent place in the world community. During the last years, anaerobic fermentation has 

developed from a comparatively simple technique of biomass conversion, with the main purpose 

of energy production, into a multi-functional system such as treatment of organic wastes; energy 

production; improvement of sanitation; and production of high quality fertilizer. Moreover, it has 
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high economical benefits compared to other fuel sources. Because, it requires limited financial 

capacity, relatively simple in construction and maintenance, ease of raw materials availability in 

villages and towns, less impact on the environment, low running and investment cost. As a 

result, it is an appropriate to the environmental, cultural, and economic situation that it is 

intended for (Benjamin, 2004).  

Therefore, use of biogas energy has to be prioritized in Ethiopia in the course of attempting: a) 

reducing deforestation and land degradation in the country; b) improving the living condition of 

the majority of the Ethiopian society (i.e. health and socio-economic situation of the households, 

including gender relations); and c) reducing the contribution of the green house gasses to climate 

change.  

The key issue for biogas technology in Ethiopia is to understand why mass dissemination was 

not realized despite demonstration by several programs at the viability and effectiveness of 

biogas plants. In order to make wider cost and operational effective utilization of biogas potential 

of the country, it is important to investigate why the previous introduction of biogas technologies 

in the country has not resulted in the expected wider use of it. Moreover, based on the reliable 

knowledge acquired from such studies, it is possible to plan the future overall efforts. 

 

Biogas is potential source of energy, particularly where there is an abundant supply of waste 

organic matter. It is expected that, the greater part of the potential have to be realized through 

community (institutional) biogas plants of large capacities. Therefore, it is paramount to come up 

interest in Biogas technology growing in Ethiopia at institutional level in addition to at 

household level. Lessons need to be learnt from experiences and new ways of making such 

plants functional must be found. It means that assessing the adoption or adaptation of 

institutional biogas technologies is an integral part of the biogas technology dissemination or 

transfer system. Therefore, the distribution and operational status of institutional biogas plants; 

model type of biogas technologies implemented before; the failure and success of each 

technology together with assessment of the improvement methods in the country need to be 

briefly investigated. Thus, to change the present very much low use of biogas fuel in the country 

from its potential, it is believed to be convincing that a scientific study of this kind has to serve 

as input information for improved and success promising future work plan.  
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1.3 Objectives of the Study 

1.3.1 General Objective 

The general objective of the research was to assess the current status of existing institutional 

biogas plants constructed across Ethiopia over the past years.   

1.3.2 Specific Objectives 

The specific objectives of the study were to: 

� count up the distribution of institutional biogas plants in the selected Regional States 

of  the  Country; 

� study construction (i.e. type, size, financing, and cost) of Institutional biogas plants in        

Ethiopia; 

� study the operation of institutional biogas plants by users; 

� categorize the Physical and functional  status  of Institutional biogas plants; 

� identify the major causes for operational and non-operational biogas plants; 

� study the general perception or satisfaction level of users on the use of biogas plants; 

and  

� be acquainted with the impacts of biogas plants on users.  

 

1.4  Significance of the Study  

It has been realized that the success of adoption and adaptation of biogas technology in Ethiopia 

depends heavily upon the workable and effective implementation plan that is based upon the 

grassroots reality of the plants, which were installed so far in the country. These include 

information on the distribution, physical status and functioning of the existing institutional 

biogas plants, users’ perception, or satisfaction level on the technology, impact of biogas plants 

on the users, and capacity of the grassroots communities to adopt and internalize the technology. 

Information on these issues would help in deciding best suitable implementation modality for the 

concerned body. A study was felt needed to collect information on these issues from the users’ 

level so that the findings can be reflected in the plan. Furthermore, it is also important in 

providing information to donor countries to get their assistance in order to formulate policies and 

investment decision for slowing down rate of deforestation, control of land degradation and 

hence mitigation of greenhouse gas emissions. 
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CHAPTER TWO 

 

2. Literature Review 

2.1 Role of Renewable Energy Technology 

In practice, renewable energy refers to hydropower, biomass energy, solar energy, wind energy, 

geothermal energy, and ocean energy. Except ocean energy, all forms of renewable energies are 

relevant in Ethiopia. These resources are constantly replenished by nature and cleaner source of 

energy. Basically, renewable energies are; suitable for decentralized application, environment-

friendly (pollution-free), help to fight global climate change and directly associated with 

sustainability. Moreover, they have short lead-time for planning and construction; they can 

increase energy security in diversifying energy supply and they contribute to local or regional 

economic development, because money spent on non-renewable energy stays at home 

(Benjamin, 2004).  

 

The overall expansion of renewable energy technologies (RETs), in developing countries so far 

has relied upon government and donor agency assistance in the form of subsidies and grants. 

This does not imply that these technologies are financially unattractive. Beyond doubt, RETs can 

compete with other conventional alternatives. The proper design and implementation of these 

technologies can increase socio-economic development and address environmental concerns. 

However, its contribution to meeting overall energy needs has been very small, and the success 

of these technologies varies widely (Sisouvong, et al., 2006). 

 

The basic problem to promote all renewable energy technology is the perceived financial of their 

application. It is often less obvious, because they have higher investment costs. However, many 

renewable energy appliances operate more economical than conventional (fossil) fuel ones, if 

one looks at the lifetime costs (i.e. Total lifetime costs = Investment cost + Running cost) 

(Benjamin, 2004). 
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2.2 Biogas Technology 

Biogas plant can be defined as a physical structure where methane gas (i.e. biogas) is produced 

by anaerobic digestion of organic matter. Biogas technology is a promising option for the most 

efficient utilization of organic waste materials in a fermentation tank. It involves organic matter, 

micro-organisms, an environment that lacks air (oxygen) and favorable temperature to produce 

biogas.  Biogas is a clean fuel and the leftover sludge is rich in nitrogen and valuable as a 

fertilizer. Thus both the useful constituents of the waste materials, namely, carbohydrates and 

nitrogen, are appropriately utilized for fuel and fertilizer, respectively (UNESCO, 1982).  

 

Interest in the anaerobic treatment of agro-industry waste is increasing because it is economical, 

has lower energy requirements, and is ecologically sound, among several other advantages, 

compared with aerobic treatment processes (Pellizzi, 1981). Biogas plants can successfully treat 

the organic fraction of wastes such as food and alcohol industrial waste, crop waste, farm waste, 

municipal waste, sewage sludge etc. When used in a fully engineered system, biogas technology 

not only provides pollution prevention, but also allows for energy, compost and nutrient recovery 

(Balsam, 2006). Treating waste to yield fuel while recycling nutrients, constitutes a sustainable 

cycle. Thus, biogas plants can convert a disposal problem into a profit centre. 

The energy from biogas is a renewable energy and reduces greenhouse gas emissions and 

dependency from imported fossil fuels. Thus, the development and implementation of biogas 

technologies could bring many environmental, energy and economic benefits thereby solving 

problems such as waste disposal and renewable energy supply. The concept of the ‘four R's’, 

which stands for Reduce, Reuse, Recycle, and Renewable energy, has generally been accepted as 

a useful principle for waste handling. Thus, biogas digesters can address these principles 

(Sisouvong, et al., 2006). 

 

2.3 Benefits and Impacts of Biogas Technology 

Tangible benefits of a biogas system are those that are easily quantifiable and have a monetary 

value. Such benefits include the value of the gas and the digested slurry produced, as fertilizer. 

Intangible benefits are those that are not so easily quantified or related to a monetary value. 



9 

 

 

 

Examples include the value of an improvement in environmental sanitation, odour prevention etc 

(Marchaim, 1992). 

Generally, biogas technology has social, economical, and environmental benefits. The social and 

economic benefits of biogas technology are: Clean cooking and lighting energy – clean indoor 

environment, clean utensils, etc. ;Reduced drudgery - time and energy saved; Saving in kerosene 

purchase; Saving in firewood, agro-waste and dung; Improved health, improved children’s 

education, self-esteem, etc; Use of bio-slurry and bio-compost improves agriculture yield and 

reduces use of chemical fertilizer; Toilet construction and connection improved sanitation and 

less dependence on cattle dung; provides employment opportunities. The introduction of biogas 

plants has also contributed significantly to the improvement of local, national, and global 

environment. The environmental benefits at local perspective are: Improvement in indoor air 

quality of households using biogas; better management of animal dung and human excreta -thus 

improving sanitary conditions in the immediate vicinity of the rural homes. At National 

Perspective: Reduction in deforestation, better watershed and soil management; Use of slurry 

helps in conserving the soil nutrient; and Use of biogas also helps in reserving the expenditure on 

imported petroleum products. At Global Perspective: Reduction in the use of fuel wood, dung 

cakes and kerosene reduces greenhouse gas emission; In broader sense, the conservation of 

environment due to saving of the forest; and the saving of forest improves the environment by 

checking natural calamities such as soil erosion, floods, landslides, and global warming 

etc(Shakya, and Charushree, 2009e). Therefore, implementation of biogas technologies in 

Ethiopia should be encouraged.  

2.4 Historical Development of Biogas Technology 

Even though biogas was discovered in the 17
th

 century, it took more than 250 years for its first 

recorded practical application. The earliest plants, both for sewage disposal and gas recovery, 

were constructed in Europe and U.S.A. in the 1920s and 1930s respectively. China had its first 

plants in 1936. In 1946, Indian Agricultural Research Institute (IARI), New Delhi, set up an 

experimental biogas plant and in 1951, with the introduction of the semi-continuous plant 

combining the gasholder and digester in one unit, the real start of the use of biogas plants was 

made by IARI. In Germany, biogas dissemination gained momentum through the need for 
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alternative energy sources in a war-torn economy and during an energy crisis or later by the 

change of electricity pricing. In India and China, a strong government program furthered the 

mass dissemination of biogas technology. Currently most countries became aware of biogas 

technology by the middle of the twentieth century. However, real interest in biogas was aroused 

from 1973 onwards, with the onset of the energy crisis, which drew general attention due to the 

depletion of fossil fuel. Thus, biogas as an efficient, non-polluting energy source is now well 

recognized. During the last 40 years, more than 30 biogas plant designs, incorporating distinctive 

features in either the digester or gasholder have been developed in India, China, Thailand, 

Philippines, Taiwan, Pakistan, and several other developing countries (UNESCO, 1982). 

At present, China is the world leader in the application of anaerobic digestion technologies. The 

Chinese government implemented a biogas program in the 1970s, installing Seven million 

digesters, providing biogas for cooking and lighting to about 25 million people. About 10, 000 

large and medium size digesters were distributed to farms to provide electricity (Marchaim, 

1992). 

Unlike Asia, experience with domestic biogas in African countries has been ambiguous. The 

exact number of plants installed in Africa is not known but that most units were installed in 

Tanzania (more than 4000), Kenya and Ethiopia, with hundreds to only a few in other countries. 

Unfortunately, an estimated 60% of these plants failed to stay in operation. However, other 

plants succeeded in providing the users with benefits over a number of years and gave evidence 

on the reliability of the technology if properly deployed (Wim et al., 2007). 

Currently many international organizations have done considerable work in developing and 

disseminating biogas technology, such as the Economic and Social Commission for Asia and the 

Pacific (ESCAP), Food and Agriculture Organization of the United Nations (FAO), United 

Nations Industrial Development Organization (UNIDO), World Health Organization (WHO) and 

United Nations Environment Program (UNEP). At present over 210 organizations in more than 

40 countries of the world are engaged in varied biogas activities. These include research and 

development of more efficient and less expensive biogas plants and applications; financing the 

promotion of the use of biogas in the rural areas; and other activities (Marchaim, U., 1992). 
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2.5 Energy policy and plans, and Biogas programme in Ethiopia 

2.5.1 Energy policy and plans 

With over 94% of the total energy consumption for domestic activities supplied by biomass, 

wood contributing the lion share, Ethiopia is third in the list of countries using traditional fuels. 

However, Ethiopia is endowed with a variety of energy resources potentials. These include all 

forms of biomass, hydro, geothermal, solar, wind and substantial economically exploitable 

natural gas and coal. Despite the immense available resource, except the woody biomass, which 

is unsustainably exploited, much of the other energy resource has yet to be developed. The 

country is engaged aggressively in developing and promoting indigenous energy resources. The 

energy development programs are being implemented within the framework of the Government's 

national development policy and strategy. It is guided by the energy policy issued in 1994 that 

gives high emphasis to the development of hydro power for meeting the national modern energy 

demand and aiming at bringing rapid socio- economic development (Getachew Eshete, et al, 

2006) 

Moreover, among the energy resource and technology development programs the country has 

given emphasis and implementing a number of programs and projects on biomass demand and 

supply side areas. These areas are also given priority, because the forest resource of the country 

is depleted that caused land degradation. The use of energy inefficient cooking devices coupled 

with population growth has escalated the demand for woody biomass substantially. Scarcity of 

woody biomass fuel resources has forced low income households, in particular women and 

children to spend their considerable time and effort for searching, collecting and transporting 

fuels. To avert this situation and to enhance the woody biomass resource of the country, the 

Government has been undertaking intensive forestation and reforestation programs. In addition 

to this, the country is now promoting energy efficiency and conservation measures at the supply 

and consumer side (Alemayehu Tegenu, 2009). 

  

The National Energy Policy in Ethiopia aims to satisfy the basic (energy) needs of all 

households. The energy policy recognizes the importance of energy as a means for sustainable 

development. Key areas include: a) Priority development of hydro and traditional energy 
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resources, b) Diverse and enhanced biomass based technologies (biogas, agricultural residue 

briquetting, and ethanol production), c) energy conservation technologies and measures. This is 

vital to the development of the energy sector to ensure self-reliance on indigenous resources, 

formulation of a conducive sector regulations and directives and ensuring of environmental 

sustainability. Dissemination of domestic biogas in rural areas is seen as another intervention 

area with considerable potential impacts for both the energy and agriculture sectors. Ethiopia has 

the largest cattle population in Africa. An integrated system of energy and fertilizer production 

from biogas digesters has the potential to address two key problems in rural areas. The 

government in the past decade has pursued promotion of the biogas technology, mainly for rural 

domestic applications. At the present time the government is working with development partners 

to upgrade the dissemination to the next level with the proposed development of many thousand 

domestic biogas units in rural areas within the next five years (Alemayehu Tegenu, 2009). 

2.5.2 History of Biogas in Ethiopia 

With a population of over 72 million and more than 90% of the energy demand of the country 

provided by biomass, a dire energy situation exists due to a high rate of depletion of the 

country’s forest cover. Biogas as an alternative biomass energy was introduced in Ethiopia in 

1979. The first batch type digester was constructed at the Ambo Agricultural College. In the last 

two and half decades around 1000 biogas plants, ranging in size from 2.5 m
3
 to 200 m

3
, were 

constructed in households, community and governmental institutions in various parts of the 

country. Presently, approximately 40% of the biogas plants that were constructed are not 

operational due to a lack of effective management and follow-up, technical problems, loss of 

interest, reduced animal holdings, evacuation of ownership, water problems, etc (Bores, et al., 

2007). Due to the renewed interest in biogas, and in order to unleash the potential for biogas in 

Ethiopia, a feasibility study to assess the potential for domestic biogas plant was commissioned. 

The positive outcome of the feasibility study of a National Biogas Programme (NBP) for 

Ethiopia resulted in a formal partnership between the Ethiopian Rural Energy Promotion and 

Development Centre (EREDPC) and SNV/Ethiopia to develop a programme implementation 

document for mass dissemination of domestic biogas.  
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2.6 Application of Anaerobic digestion technologies 

The application of biogas depends upon the development level of a nation in addition to the 

problem related to the source of input material. In the developed nation, the primary application 

of anaerobic digestion technology is to control pollution and also employed to generate 

electricity through the diesel engine. However, in developing countries the primary objective of 

the rural digester is for energy generation and to use the manure as organic fertilizer. Thus, 

simple home and farm-based anaerobic digestion systems offer cheap and low-cost energy for 

cooking and lighting (Doelle, 2001). As a result, anaerobic digestion facilities have been 

recognized by the United Nations Development Programme as one of the most useful 

decentralized sources of energy supply (UNDP, 1997). 

In the last decade’s air and water pollutions from municipal, industrial, and agricultural 

operations has grown continuously. Livestock manure, left to decompose naturally, emits two 

particularly potent GHGs – nitrous oxide and methane. According to the Intergovernmental 

Panel on Climate Change, nitrous oxide warms the atmosphere 310 times more than carbon 

dioxide; methane does so 21 times more. Governments and industries are therefore increasingly 

on the lookout for technologies that will allow for more efficient and cost-effective waste 

treatment while minimizing GHG (Balsam, 2006). Using the methane as energy or simply flared 

if energy production is not economical results in a net reduction of carbon dioxide equivalents 

and other greenhouse gasses enabling the sale of carbon credits. Agricultural methane offsets 

(carbon credits) are offered to farmers who collect and combust methane gas and thus prevent it 

from reaching the atmosphere.
 
  

Presently, projects for anaerobic digestion in the developing world can gain financial support 

through the United Nations Clean Development Mechanism if they are able to show they provide 

reduced carbon emissions (Marchaim, 1992). Pressure from environmentally related legislation 

on solid waste disposal methods in developed countries has increased the application of 

anaerobic digestion as a process for reducing waste volumes and generating useful by-products 

(Svoboda, 2003). Utilizing anaerobic digestion technologies can help to reduce emission of 

greenhouse gasses through replacement of fossil fuels, reducing methane emission from landfills 

and substituting inorganic chemical fertilizers.  



14 

 

 

 

A remarkable combination of recent technical, political, and regulatory factors is starting to 

propel AD forward toward the mainstream. Some of these factors are raising oil prices; farm 

waste requires better management, and organic waste must be diverted from landfill; the demand 

for new sustainable technologies investment opportunities; rising demand for renewable fuels 

and bioenergy; and the availability of carbon credits to those who avoid carbon dioxide 

emissions(Balsam, 2006). 

 

2.7 Anaerobic Digestion Process 

Anaerobic digestion is a biological process in which several different types of bacteria work 

together to break down complex organic matters in stages in an airless environment, with biogas 

as the byproduct (Mahin, 1982). 

Like in aerobic systems, microorganisms in anaerobic systems for growing and reproducing 

require source of elemental oxygen to survive. In an anaerobic system there is an absence of 

gaseous oxygen. In an anaerobic digester, gaseous oxygen is prevented from entering to the 

system through physical containment in sealed tanks. Anaerobes access oxygen from sources 

other than the surrounding air. Therefore, the oxygen source for these microorganisms can be the 

organic material itself or alternatively may be supplied by inorganic oxides from within the input 

material (Fergusen and Mah, 2006). 

Gas production is dependent upon controlling anaerobic digester temperature, fermentation or 

retention time and the feedstock material. The gas production from the manure is dependent on 

the feeding of the animals, and the age of the manure when it is fed into the digester (Kellner, 

2007).  

There are four key biological and chemical stages of anaerobic digestion: Hydrolysis, 

Acidogenesis, Acetogenesis, and Methanogenesis (Ciborowski, 2004). Hydrolysis is a process, 

which involves the breakdown of complex organic wastes into sugars and amino acids. 

Acidogenesis process then convert those products into organic acids. Then again, acetogenesis 

process converts the acids into hydrogen, carbon dioxide, and acetate. Finally, the 

methanogenesis process produce biogas from acetic acid, hydrogen, and carbon dioxide. The 

following figure shows the general biogas production cycle of the biogas system. 
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Figure 2.1, Biogas production cycle. (source; Shakya, and Charushree, 2009c). 

Starting the digestion process is not difficult, but it does require patience (Balsam, 2006). The 

rate and efficiency of the anaerobic digestion process for biogas production is controlled by 

maintaining anaerobic condition; Seeding or Bacterial Population; Substrate characteristics; 

Loading Rate; Temperature; Dilution and Consistency of Inputs; pH and alkalinity; Retention 

time; C/N Ratio; and Toxicity. 

 

2.8 Design Concept and Related Parameters of Biogas Plant 

2.8.1 Design 

There are two common man-made technologies for obtaining biogas: the first (which is more 

widespread) is the fermentation of human and/or animal waste in specially designed digesters. 

The second is a more recently developed technology for capturing methane from municipal 

waste landfill sites. The scale of simple biogas plants can vary from a small household system to 
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large commercial plants of several thousand cubic meters (Sisouvong, et al., 2006). Design 

basics should answer following issues: Why biogas plant? What will be the feeding materials? 

What are the possible end uses? Cost benefit ratio, and Consequences. After ensuring above 

issues planning concept (Process) will start. The planning process should also incorporate: Gas 

production and consumption; Design of particular model to fulfill the requirements of the users; 

Availability of Construction and feed materials; and Proper sizing (Shakya, and Charushree, 

2009a). 

Throughout the world, a number of designs of biogas plants have been developed under specific 

climatic and socio-economic conditions. Choosing a design is essentially part of the planning 

process. It is, however, important to familiarize with basic design considerations before the 

actual planning process begins. This refers to the planning of a single biogas unit as well as to 

the planning of biogas-programs with a regional scope (GTZ, 1999). 

 

Balsam, (2006) reported that Anaerobic digesters are installed for various reasons—as a means 

to resolve environmental problems, as a means to economically re-use an otherwise wasted 

resource, and as a source of additional revenue (i.e. the sale of carbon credits). All of these 

factors typically play a role in an owner’s decision to install a system. If done right, however, 

this decision is not a simple one. It should involve careful planning and design, preferably with 

input from an engineering professional and/or someone well experienced with anaerobic-

digestion systems. This planning process must consider a long list of factors. Factors to Consider 

are: the specific benefits to be derived; the number and kind of animals to be served; where the 

system might be placed; how the manure and other inputs will be collected and delivered to the 

system; how the required temperatures will be maintained; how all the risks associated with the 

process, some of which are substantial, will be mitigated; how the outputs will be handled; and 

the amount of monitoring and management time required. 

 

The history of worldwide biogas development shows hundreds of designs of biogas plants have 

been experimented by various scientists, engineers, and academicians. For example, the designs 

of the digesters have been horizontal, rectangle, spherical, underground, above ground, etc. 

Similarly, the construction materials vary from mild steel to plastic sheet and masonry works 
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(bricks, cement, concrete, etc). The ideal design is that one where user gets full utilizations 

values, durable and replicable in other scenario also (Madan, et al 2004). 

 

For larger biogas programs, especially when aiming at a self-supporting dissemination process, 

standards in dimensions, quality and pricing are essential. Standard procedures, standard 

drawings, forms, and standardized contracts between the constructor, the planner, the provider of 

material, and the customer avoid mistakes and save time. There is, however a trade-off between 

the benefits of standardization and the necessity of individual, appropriate solutions (CMS, 

1996). Accurate and realistic information should be also provided to users prior to construction. 

The information provided are on; Site selection, Plant sizes, Feeding, Gas production, Activities 

required to operate and maintain such plants, and Profitability. The company or constructors 

should provide the user with on-site instruction on the operation and maintenance of the plants 

after completion (Shakya, and Charushree, 2009b). 

 

2.8.2 Types of Biogas plants 

There are various types of plants. Concerning the feed method, three different forms can be 

distinguished: Batch plants, Continuous plants, and Semi-batch plants. 

Batch plants:  are filled and then emptied completely after a fixed retention time. Waste is fed 

into the system in batches, usually with a starter (5 percent to 30 percent by volume) and left for 

gas production until thorough degradation occurs. The digester is then emptied and a new batch 

of feedstock is added. Each design and each fermentation material is suitable for batch filling, 

but batch plants require high labor input. As a major disadvantage, their gas-output is not steady  

Continuous plants: are fed regularly once the first feed starts generating gas. They empty 

automatically through the overflow whenever new material is filled in. Therefore, the feedstock 

is fed after mixing with water and in course of time, the digested slurry overflows through the 

outlet. Once the digestion process gets established, the gas production rate becomes fairly 

constant, and higher than in batch plants. Today, nearly all biogas plants are operating on a 

continuous mode. If straw and dung are to be digested together, a biogas plant can be operated 

on a semi batch basis. The slowly digested straw-type material is fed in about twice a year as a 

batch load. The dung is added and removed regularly (Shakya, and Charushree, 2009a). 
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Concerning the construction, although, various types of biogas plants have been developed, the 

two most familiar types in developing countries are the fixed-dome plants and the floating-drum 

plants (GTZ, 1999). In developing countries, the selection of appropriate design are determined 

largely by the prevailing design in the region. Typical design criteria are space, existing 

structures, cost minimization, and substrate availability. 

2.8.2.1 Fixed-dome plants 

Fixed dome Chinese model biogas plant (also called drum less digester) was experimented in 

China as early as the mid 1930's. This model consists of an underground brick masonry (cement 

mortar) compartment for the digestion chamber with a concrete dome on the top for gas storage 

and a displacement pit. Thus, in this design the digestion chamber and the gas storage dome are 

combined as one unit. It uses the 'displacement principle' of operation. Gas is collected at the 

upper portion of the digester (Dome). Slurry in the digester pit is forced up into slurry reservoir 

due to the pressure created by the gas collected in the curved structure (dome) of the digester. As 

the biogas is used from under the concrete dome, the slurry flows back from the reservoir to 

replace it (Madan, et al 2004). 

 

This design eliminates the use of costlier mild steel gasholder. The life of a fixed dome type 

plant is longer (20 to 50 years) compared to floating drum plant, as there are no moving parts and 

both concrete and cement masonry is relatively less susceptible to corrosion. The costs of a 

fixed-dome biogas plant are relatively low. It is simple, as no moving parts exist. The plant is 

constructed underground, protecting it from physical damage and space saving. While the 

underground digester is protected from low temperatures at night and during cold seasons, 

sunshine and warm seasons take longer to heat up the digester. No day/night fluctuations of 

temperature in the digester positively influence the bacteriological processes. The construction of 

fixed dome plants is labor-intensive, thus creating local employment. Fixed-dome plants are not 

easy to build. They should only be built where experienced biogas technicians can supervise 

construction. Otherwise, plants may not be gas-tight (porosity and cracks) (Madan, et al 2004). 
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Types of fixed-dome plants: 

Depending up on the design of the digesters and construction materials there are different model 

types of fixed-dome plants in different countries as follows: 

Chinese fixed-dome plant is the archetype of all fixed dome plants. Several million have been 

constructed in China. The digester consists of a cylinder with round bottom and top. 

Janata model was the first fixed-dome design in India, as a response to the Chinese fixed dome 

plant. It is not constructed anymore. The mode of construction leads to cracks in the gasholder - 

very few of these plants had been gas-tight. 

Deenbandhu, the successor of the Janata plant in India, with improved design, was more crack-

proof and consumed less building material than the Janata plant with a hemisphere digester. This 

model is characterized by; high skilled mason required, only could be constructed with bricks; 

and No significant cost cut down (Shakya, and Charushree, 2009a). 

CAMARTEC model has a simplified structure of a hemispherical dome shell based on a rigid 

foundation ring only and a calculated joint of fraction, the so-called weak / strong ring. It was 

developed in the late 80s in Tanzania (GTZ, 1999). 

Fixed-dome plants must be covered with earth up to the top of the gas-filled space to counteract 

the internal pressure (up to 0.15 bars). The earth covers insulation and the option for internal 

heating makes them suitable for colder climates. 

Advantages: Low initial costs and long useful life-span; no moving or rusting parts involved; 

basic design is compact, saves space and is well insulated; construction creates local 

employment. 

Disadvantages: Masonry gasholders require special sealants and high technical skills for gas-

tight construction; gas leaks occur quite frequently; fluctuating gas pressure complicates gas 

utilization; amount of gas produced is not immediately visible, plant operation not readily 

understandable; fixed dome plants need exact planning of levels; excavation can be difficult and 

expensive in bedrock. Fixed dome plants can be recommended only where experienced biogas 

technicians can supervise construction (GTZ, 1999). 
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2.8.2.2 Floating-drum plants 

In the past, floating-drum plants were mainly built in India. As the design was simple, it gained 

popularity in India as well other countries very soon. Floating-drum plants consist of a 

cylindrical or dome shaped digester and a moving, floating gasholder, or drum. As the steel drum 

floats above the digestion chamber, it was named as Floating Drum Digester. The gasholder 

floats either directly in the fermenting slurry or in a separate water jacket. The drum in which the 

biogas collects has an internal and/or external guide frame that provides stability and keeps the 

drum upright. Thus, there are two separate structures for gas production and collection. When 

methane gas is produced, the gas pressure pushes the mild steel drum upwards and as the gas is 

being used, the drum gradually lowers down. Thus, by observing the level of drum, one can 

assess the gas volume available. In this model, as the gas is produced the floating drum moves up 

similarly as the gas is used the drum lowers down maintaining the constant pressure inside 

(Shakya, and Charushree, 2009a). 

With the introduction of the fixed dome Chinese model plant, the floating drum plants became 

superseded due to comparatively high investment and maintenance cost along with other design 

weaknesses.  For example, the mild steel drum corrodes and needs to be replaced within 5 – 10 

years. Similarly, the drum has to be well anchored to prevent it from overtopping due to high gas 

pressure. Floating-drum plants are used chiefly for digesting animal and human feces on a 

continuous feed mode of operation, i.e. with daily input (GTZ, 1999).  

 

There are two types of floating drum design. These are Straight design and Taper design. 

Straight design are used where bricks are not available (stone masonry used), where water table 

is low, and Needs deep hole. Whereas, Taper design is used where bricks are available, the water 

table is high, and Needs only a shallow depth (Madan, et al 2004). 

Advantages: Floating-drum plants are easy to understand and operate. They provide gas at a 

constant pressure, and the stored gas-volume is immediately recognizable by the position of the 

drum. Gas-tightness is no problem, provided the gasholder is derusted and painted regularly. 
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Disadvantages: The steel drum is relatively Costlier to built, Difficult to transport and High 

investment in maintenance cost. Removing rust and painting has to be carried out regularly. The 

lifetime of the drum is short (up to 15 years; in tropical coastal regions about five years). If 

fibrous substrates are used, the gasholder shows a tendency to get "stuck" in the resultant floating 

scum (Shakya, and Charushree, 2009a). 

 

Among other site specific factors, the criteria for the selection of an ideal Biogas Model should 

base on the following considerations: It should be simple in terms of construction and operation; 

It should be cost effective and durable so that the general population is able to embrace this 

technology; It should be efficient, i.e., the gas production should be optimum per unit volume of 

a biogas plant for given type and quantity of input ; It should be constructed using of local 

materials as far as possible; Repair and maintenance requirement should be minimal; and It 

should be convenient and user friendly(Madan, et al 2004). 

 

Design for Sizing of Biogas Plants mainly depends upon:- Energy consumption of particular 

families; and Feeding materials available (Shakya, and Charushree, 2009a).The size of the 

system is determined primarily by the number and type of animals served by the operation, the 

amount of dilution water to be added, and the desired retention time. The most manageable of 

these factors is retention time; longer retention times mean more complete breakdown of the 

manure contents, but require a larger tank. Alternatively, the size of the biogas plant depends on 

the quantity, quality, and kind of available biomass and on the digesting temperature. It can be 

also determined by the gas or energy demand of the users (Balsam, 2006). 
 

2.8.3 Site Selection  

Once the decision is made to install a biogas plant, a careful selection of the best site for the plant 

must be made to ensure its sustainability. The factors that influence the decision are: 1) For 

proper functioning of the plant, the right temperature has to be maintained in the digester. 

Therefore, a sunny site has to be selected. 2) Distance between the proposed site and the location 

where gas will be consumed (i.e. Kitchen) - gas pipes are expensive. Furthermore, longer pipe 

increases the risk of gas leakage due to more joints in it.3) Distance between the site and the 
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supply of input materials (i.e., cow shed) – close distance saves input carrying efforts. 4) 

Distance between the site and the location where the effluent can be stored (e.g., compost pits) – 

close distance helps to ensure that the effluent can flow into the storage pit without much 

handling. 5) Distance between the site and sources of water such as wells – distance should be 

far enough to prevent contamination (say 10 to 15 m). However, if the water source is too far, it 

will take more time and effort to prepare the slurry since for a given volume of dung an equal 

volume of water should be added. 6) Distance between the sites and trees/bamboos – distance 

should be far enough to prevent damage to the structures from the roots of the plants. 7) Ground 

water depth – construction will be relatively easy at locations where the ground water table is 

low. 8) Suitable foundation condition – the ultimate bearing pressure of the foundation should be 

adequate to support the load of the biogas plant and the slurry inside. Moreover, sufficient space 

for compost pits should be a available. At any particular site, it may not be possible to fulfill all 

of the above criteria. However, the efforts should be made to meet as many of the above listed 

criteria as possible, such that the cost is lowered and the plant operation becomes less 

cumbersome (Madan, et al 2004). 

2.9 Working Principle/Operation of Bio-digester 

Anaerobic digestion is a natural biological process that offers many environmental protection 

advantages. Costs can often be offset by the recovery of byproducts when a digestion system is 

properly designed and managed. To safely and efficiently maximize gas production and 

maximize environmental benefits training is needed and dedication required. Running a digester 

is as much an art as a science (Safferman, and Faivor 2008). 

Biogas system is a physical structure where methane gas is produced by anaerobic digestion of 

organic matter. Digestion carried out in an airtight cylindrical tank known as digester. The biogas 

plant is also commonly known as a bio-digester, bioreactor, or anaerobic reactor. It is made up of 

Stone, brick, concrete (Madan, et al 2004). 

 

In principle, a biogas plant should have three essential components, such as the Digestion 

chamber, Inlet, and Outlet chambers. The feed material is mixed with water in the influent 

collecting tank. The fermentation slurry flows through the inlet into the digester. The bacteria 
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from the fermentation slurry are intended to produce biogas in the digester. For this purpose, 

they need time. Time needed to multiply and to spread throughout the slurry. The digester must 

be designed in a way that only fully digested slurry can leave it. The bacteria are distributed in 

the slurry by stirring (with a stick or stirring facilities). The fully digested slurry leaves the 

digester through the outlet into the slurry storage. The biogas is collected and stored until the 

time of consumption in the gasholder. The gas Pipe carries the biogas to the place where it is 

consumed by gas appliances. A water trap removes condensation collecting in the gas pipe. 

Depending on the available building material and type of plant under construction, different 

variants of the individual components are possible (GTZ, 1999). 

 

Starting operation of the biogas plant: The initial filling of a new biogas plant should, if 

possible, consist of either digested slurry from another plant or cattle dung. The age and quantity 

of the inoculants (starter sludge) have a decisive effect on the course of fermentation. It is 

advisable to start collecting cattle dung during the construction phase in order to have enough by 

the time the plant is finished. When the plant is being filled for the first time, the substrate can be 

diluted with more water than usual to allow a complete filling of the digester. Most of the biogas 

is produced during the middle of the digestion, after the bacterial population has grown, and 

decrease as the putrescible material is exhausted. In order to optimize the production, the process 

must be stable with only gradual changes in the supply of organic material and temperature to 

ensure an optimal adaptation of the bacteria culture (Sisouvong, et al., 2006). 

 

Depending on the type of substrate in use, the plant may need from several days to several weeks 

to achieve a stable digesting process. Cattle dung can usually be expected to yield good gas 

production within one or two days. The breaking-in period is characterized by: low quality 

biogas containing more than 60% CO2; Very odorous biogas; sinking pH; and Erratic gas 

production (GTZ, 1999). 

 

Stabilization of the process: The digesting process will stabilize more quickly if the slurry is 

agitated frequently and intensively. Only if the process shows extreme resistance to stabilization 

should lime or more cattle dung be added in order to balance the pH value. No additional 
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biomass should be put into the biogas plant during the remainder of the starting phase. Once the 

process has stabilized, the large volume of unfermented biomass will result in a high rate of gas 

production. Regular loading can commence after gas production has dropped off to the expected 

level. As soon as the biogas becomes reliably combustible, it can be used for the intended 

purposes. Less-than-optimum performance of the appliances due to inferior gas quality should be 

regarded as acceptable at first. However, the first two gasholder fillings should be vented unused 

for reasons of safety, since residual oxygen poses an explosion hazard (GTZ, 1999). 

 

Management: Anaerobic digesters require regular and frequent monitoring, primarily to 

maintain a constant desired temperature and to ensure that the system flow is not clogged. 

Failure to properly manage the digester’s sensitivity to its environment can result in a significant 

decline in gas production and require months to correct. On the other hand, several precautions 

should be taken if one attempts to produce biogas for the first time. Operators must learn how to 

use a starter brew to generate the biological activity, how to dilute and agitate the mixture, and 

how to control the pH (Martin, 2007). One of the most important problems in substrate 

management to be considered is the problem of scum. The loaded manure needs to be mixed 

regularly to prevent settling and to maintain contact between the bacteria and the manure. The 

mixing action also prevents the formation of scum and facilitates release of the biogas 

 

Storage of Biogas: Because of the high pressure and low temperature required, it is mostly 

impractical to liquefy methane for use as a liquid fuel. Instead, the gas can be collected and 

stored for a period until it can be used in a gasholder or dome of the plant on top of the digester 

or extracted and stored next to the facility in a gasholder. However, high-pressure storage is also 

possible, but is both more expensive and more dangerous and should be pursued only with the 

help of a qualified engineer (Balsam, 2002). 

 

Risks Associated with Biogas: While methane is a very promising energy resource, the non-

methane components of biogas (hydrogen sulfide, carbon dioxide, and water vapor) tend to 

inhibit methane production and, with the exception of the water vapor, are harmful to humans 

and/or the environment. For these reasons, the biogas produced should be properly “cleaned” 
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using appropriate scrubbing and separation techniques. In addition, the methane itself represents 

a serious danger, as it is odorless, colorless, and difficult to detect. Methane is also highly 

explosive if allowed to come into contact with atmospheric air at proportions of 6 to 15 percent 

methane. For these reasons, it is recommended that buildings be well ventilated; and alarms and 

gas-detection devices should be used (Balsam, 2006). 

2.10 Potential barriers in development of biogas plants 

Developing countries lack information on renewable and advanced energy options. The high 

capital costs associated with renewable energy technologies and the absence of affordable 

financing constitute important barriers to the use of modern, efficient, and sustainable energy 

technologies, particularly in developing countries. The lack of appropriate institutional and legal 

frameworks, including the lack of accountability and transparency, and inadequate capacities are 

barriers to the promotion of renewable and advanced energy technologies. Without such 

frameworks, it is not possible to create an enabling environment, stimulate markets, and provide 

the necessary incentives. Moreover, insufficient research and development funding and low 

levels of appropriate technical skills also affect the ability of developing countries to innovate, 

absorb, and use advanced energy technologies. Insufficient attention has been given to evaluating 

and publicizing the benefits of improved energy efficiency, renewable energy and other energy 

policies and to evaluating policy effectiveness and the costs of not taking action to address 

energy needs (UN, 2006). 

Biogas production suffers the drawback of all renewable energy sources. History shows that 

biogas plants have not always been introduced with success. Many years, the focus of the 

governments’ policy was on biogas quantity rather than quality. This resulted in badly 

functioning digesters. Many biogas plants that were treating farm waste and sludge from 

municipal wastewater treatment facilities are not operational now, due to difficulty of financing 

and poor maintenance. Biogas systems require a financial investment, which is an important 

obstacle in biogas plants development and a management responsibility. The main financial 

obligations associated with building an anaerobic digester include capital cost, project 
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development (technical, legal, and planning consultants; financing; utilities connection; and 

licensing), operation and maintenance, and training costs (Marchaim, 1992). 

Cruazon, (2007), tries to point out technical, financial, and social problem were the major 

constraints for the dissemination of agricultural biogas plants in Europe during the last few years. 

During the first years of development, every constructor designed his own biogas system. Hence, 

the same mistakes have been repeated many times. As a result, many installations have been 

discarded, but only after, they had contributed to a bad image of biogas technology. Certainly, 

the negative image of biogas production, which was created by the early installations, has 

considerably reduced the interest of farmers to build biogas plants. In particular, the malfunction 

of the widely announced, large-scale demonstration units had a detrimental effect on the local 

diffusion, even though a considerable number of problems arose only from poor maintenance, 

because nobody felt responsible. Since biogas is a "new" technology, the social pressure to build 

one's own installation is lacking. Due to the low density there is no feeling of social pressure, or 

a pressure from agricultural consultants, because they are not familiar with the technology either. 

Thus, experienced digester designers, who are well versed with the common problems associated 

with these types of systems must design the biogas plants (Balsam, 2006). 

The financial viability of biogas plants depends on whether output in the form of gas and slurry 

can substitute for fuels, fertilizers, or feeds, which were previously purchased with money. If so, 

the resulting cash savings can be used to repay the capital and maintenance costs and the plant 

has a good chance of being financially viable. However, if the output does not generate a cash 

inflow, or reduce cash outflow, then plants lose financial viability. However, it appears that the 

primary barriers to diffusion are not economic or technical, but rather social and organizational. 

Since poorer households that would not be able to afford the investment and operating cost of 

household units can share the benefits from a community plant, community plants may be more 

socially viable than the smaller units (Marchaim, 1992). 

An integrated biogas and latrine programme involves significant capital investment and 

generates expenditure savings (rather than income) while yielding a wide range of economic 

(rather than financial) benefits, such as improved health, increased availability of potent organic 
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fertilizers, time savings through the reduced drudgery associated with fuel collection, and 

environmental benefits. However, biogas initiatives in Africa failed to grow from a product-

based project approach implemented by a single actor towards a market-oriented programme 

approach in which various actors co-operate based on institutional arrangements(i.e. they failed 

to promote the benefits of  technology to the ultimate users) (Wim et.al., 2007).  

According to the experience of biogas plant development in different countries, it is not possible 

to develop biogas energies without political and governmental support. In making a decision to 

install a biogas plant, one must realize that the system will require continuous monitoring and 

routine maintenance and repair that should not be underestimated. The majority of digester 

failures over the past few decades were the result of management problems, not technological 

problems. All the problems of a biogas plant can be minimized or removed completely with a 

good design and proper operation and management. It is recognized that management is the key 

to success because of the development of Biogas technology in the long term. There are many 

management tasks to be done in preparation, construction, and operation of digesters. Such 

management tasks include policy development, proper design, organization, and financing of 

training and extension services, material supply, rewarding etc. (Barnet, et al.,1978). 

Generally, the key failure factors for the development of biogas technology in the developing 

countries were:- 1) poor design and construction of digester; 2) wrong operation and poor 

maintenance by the users; 3) poor dissemination strategy by the promoters; 4) lack of project 

monitoring and follow up by the promoters; 5)  poor ownership responsibility by the users; 6) 

failure by government to support biogas technology through a focused energy policy; 7) failure 

by private and financial institutions to provide financial support; and 8) under subsistence 

agricultural conditions, access to cattle and other animal (animals move about freely) dung, and 

the necessary water to mix the slurry has been more limited than expected during dry season 

(Marchaim, 1992). 

According to information, realities (or evidences), obtained from some previous researches in 

Ethiopia, it is found that the present less effective use of biogas technology arises from factors 

with the following three categories:- 1) In adequate practical guide lines, strategies, and related 
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administration and technology promotion activities; 2) Factors that can be categorized as 

economic preconditions and insufficient supply of biogas plant construction or processing input 

materials; 3) Social and cultural disgracing views that consider energy sources and utilization as 

less important issue and as women affairs etc. Moreover, due to the main market barriers: lack of 

knowledge and experience of people, biogas plant operators and engineering companies, lack of 

awareness of decision makers, and insufficient access to funding sources, the production and use 

of biogas is not yet a common application in Ethiopia (EREDPC, 1999). Therefore, it is 

important to consider these problems in the development of biogas technology in the country to 

alleviate the energy as well as environmental problems.  

In the past, digesters were challenged by management difficulties and lack of profitability. 

Currently, the need for odor control, income potential of the renewable energy digesters, and 

improvements in the technology and understanding of operational principles are primary reasons 

for the renewed interest. Costs can often be offset by the recovery of byproducts when a 

digestion system is properly designed and managed (Safferman and Faivor, 2008). Moreover, 

Prakash (2005) reported that Biogas program should be integrated with other development 

sectors. Biogas technology has a number of synergies with other development sectors like 

renewable energy, health, women’s development, agriculture, and forestry, and livestock 

management. The synergies can be utilized effectively if biogas integrated functionally with 

other programs. Integration essentially means identifying these synergies and incorporating them 

in the process of implementation. 
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CHAPTER THREE 

3.1 Approach and Methodology 

3.1.1 Study Tools 

The study was conducted in close accordance with the objectives. Particular attention was paid to 

objectively verifiable indicators depending on the level of factual, quantitative, and statistical 

information available, and the degree to which it was possible to quantify and extrapolate 

conclusions from field investigation and observation. 

 

The main instrument of the study was the structured questionnaires and open-ended unstructured 

interviews with the respective plant user. Additional investigation tools included observations, 

especially of different components of biogas plants, kitchen and slurry pits in the surveyed 

institutions and informal discussions with people in the survey and with people, who constructed 

the biogas plants. The structured questionnaires were developed and discussed together with in a 

group of experts from organizations involved in biogas promotion and extension in Nepal and 

from HoAREC/N in Addis Ababa University. GPS (geographical Position System) readings 

were used to locate the position of the plants. 

 

3.1.2 Methodology 

The whole study was divided into three major phases based upon the activities carried out: 

a. Inception Phase: Desk Study and Mobilization 

The collection of secondary data and information, and taking workshop for 10 days by expertise 

those come from Nepal. The main activities carried out during this phase were formulation of 

field investigation methodologies, preparation of questionnaires, checklists, and formats, and 

logistic arrangements for field visits. The survey regions and field visit routes were also 

identified. 
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b. Investigation and Data Collection Phase: Field Study 

Field investigation works using appropriate tools and techniques as described in inception phase 

was the main activities during this phase. Biogas plant owners, concerned institution members, 

and some people, who constructed the biogas plants were consulted and their opinion collected. 

c. Concluding Phase: Data Analysis and Interpretation  

Once the field activities were completed, all the data collected from the field and from secondary 

sources were crosschecked, verified, cleaned, and analyzed using appropriate Computer 

software, i.e. SPSS (Statistical Package for Social Science). 

 

 

The general methodology followed during the study is illustrated in the following diagram. 

 

 

            Preliminary phase: Desk study and Mobilization 

                                                Study team formation 

↓↓↓↓  

                                Desk study of secondary data and information 

↓↓↓↓   

                                Identification of regions and road routs for the study 

↓↓↓↓  

                                Preparation of questionnaires, checklists and interview guidelines 

↓↓↓↓  

                                Field-testing of the questionnaires 

↓↓↓↓  

                                Mobilization for field investigation and data collection 

 

                                                             ⇓⇓⇓⇓      
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Investigation and Data collection phase: Field study 

Field study using participatory tools and techniques to collect data and information on 

present status and locations of institutional biogas plants 

↓↓↓↓  

                  Observation, walk through and case studies  

↓↓↓↓  

Consultation and informal discussion with informant people within and outside the 

institution. 

⇓⇓⇓⇓ 

Concluding phase: Data analysis, Interpretation and Thesis Report preparation 

        

                         Field data compilation, description, analysis and interpretation 

↓↓↓↓  

                        Preparation of Draft final Thesis Report 

↓↓↓↓  

                     Receiving of comments and suggestions on Draft Final Thesis Report 

↓↓↓↓  

                       Preparation of Final Thesis Report. 

             Fig.3.1      Methodology adopted during the study. 

 

3.2 Limitations and Scope of the Study 

The study has attempted to be as participatory and consultative as possible during field 

investigation. However, like in every studies/surveys of such type, the main limitations of the 

study are described hereafter: 
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a. The study was conducted in selected areas in five regions. Since the survey does not 

cover all regions and all zones and districts within the surveyed regions, and the findings 

of the study may not represent the whole country. However, the outcome will be 

significantly the same in areas with similar socio-economic, cultural, and geographical 

settings. Therefore, the outcome of the study is more indicative than representative. 

b. The source of primary data and information was mainly from the institutional survey. It 

should be noted that views and findings contained in this report are those derived from 

the responses of the respective respondents. 

c. Since it was a survey of the users there was no actual measurement and as far as 

quantifiable data and information were concerned. Recall method was used, which may 

not be accurate. Among many others, the study had intended to explore some basic 

institutional level information on amount of fuel wood and other forms of energy 

consumption before and after biogas plant installation, and their expenditure for these. 

However, there were some shortcomings in used up actual information on these aspects. 

The same was the case on time spent on different biogas related activities and total 

burning hours of biogas stoves. 

d. Moreover, biogas stoves were either locally manufactured or imported with unknown 

efficiency or rate of biogas consumption. This lack of information together with others 

was the limiting factor to determine the efficiency of biogas systems. 

e. Despite genuine efforts, this study having been conducted within a short period of 

timeframe and with many other constraints might possess some errors methodologically 

and in the findings presented herein. 

f. It has to be noted that the survey does not represent a reflection of the biogas sector in 

Ethiopia in general but looked only in one segment. The findings cannot be generalized; 

the recommendations contain however, elements, which may be useful to be considered 

in the entire biogas sector of Ethiopia. This limitation is due to its not focusing on 

domestic biogas installations and no data is collected from other regions. 
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CHAPTER FOUR 

4. Results and discussions  

4.1. Distribution and Application of Institutional Biogas Systems  

Biogas technology as an appropriate technology in energy exploitation and raise the aggregate 

output and production capacity of agriculture by providing quality organic fertilizer is one of the 

greatest innovation. Biogas is potential source of energy, particularly where there is an abundant 

supply of waste organic matter. It is expected that, the greater part of the potential have to be 

realized through community (institutional) biogas plants of large capacities. Lessons need to be 

learnt from experiences and new ways of making such plants functional must be found. It means 

that monitoring of the adoption or adaptation of Institutional biogas technologies is an integral 

part of the biogas technology dissemination or transfer system. Thus, the distribution and type of 

institutions completion date of construction and application/purpose of institutional biogas plants 

in the selected five regions are briefly described hereunder. 

 

4.1.1 Type of Institutions Visited and Completion Date of Construction 

At the beginning of almost these three decades, only Schools/Colleges/Universities were 

interested in biogas system installations for cooking and for the sake of demonstration/teaching. 

Thereafter, Prisons, Hotels, hospitals, and missionaries (religious institutions) have been 

interested in biogas system installation due to their high consumption of the fuel wood, 

sanitations, and environmental problems including bad smell. 

 

The outcome of the study indicates that the distribution of biogas technology in Ethiopia relative 

to its demand and potential is insignificant. As shown in figure 4.1, during the 27-year period, 

covering 1974 to 2001 E.C, the total number of institutional biogas plants in the selected five 

regions (i.e. Amhara, Addis Ababa, Oromia, Harari, and SNNPR) was 91. 
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Figure 4.1:  Number and completion date of construction of Institutional biogas plants 

 

 

As shown from Fig. - 4.1 59 (65%) of the plants were installed from 1995 up to 2000 E.C. 

Particularly the maximum numbers of plants constructed were in 1996 and 1999, which is 26.4% 

of the total visited plants. Figure 4.1 shows, even though, the distribution of institutional biogas 

in Ethiopia is insignificant, the dissemination of the biogas plant and awareness of the people are 

getting increased in recent years. However, the number of biogas plants installed from 2000 E.C 

on wards decreased. Besides other reasons, this might be due to the increase in material, and 

costs as a result of high inflation rate. Moreover, the malfunctioning of biogas plants due to lack 

of service providers, might cause for the discouraging of the people for installation.   
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4.1.2. Locations of Institutional Biogas Plants `     

 

At the time of the study, among 91 institutional biogas plants visited 24 were installed in 

schools/ colleges/universities, 15 in prisons, 5 in hospitals, 1 in communities, 11 in farms, 12 in 

hotels, 4 in religious convent,4 in orphanage camps, 14 in other  institutions, and 1 in other 

government institute.  

Table 4.1 Location and number of the institutional biogas plants per region.  

 

Type of institution Regional state Total 

 
Amhara Oromia SNNPR 

Addis 

Ababa Harari 

School/College/University 3 4 5 11 1 24 

Prison 10 2 1 1 1 15 

Hospital 3 1 0 1 0 5 

Community 0 0 0 1 0 1 

Farm 0 7 0 4 0 11 

Hotel 3 7 2 0 0 12 

Religious convent 1 2 0 1 0 4 

Orphanages camp 0 3 0 1 0 4 

Other Institutions 1 8 1 3 1 14 

OtherGovernmentInstitution 0 0 0 1 0 1 

Total 21 34 9 24 3 91 

 

Table- 4.1 shows the type and number of institutional biogas plants per region. 

 

Note: (see Appendix D), Map of biogas institution distributions in the selected five regions. 

 

Table 4.1 indicated that the Oromia, Addis Ababa and Amhara regions have relatively largest 

numbers of biogas plants, with 34, 24 and 21 plants respectively.  On the other hand, SNNPR 

and Harari regions have small number of biogas plants, 9 and 3 respectively. This difference 

might be because of their proximity to various inter-related components of technology transfer 

systems (i.e. construction materials, skilled human labor, technique, expertise, etc.). Biogas 

technology dissemination or transfer was taken to mean a system under which various inter-

related components of technology, namely, materials, ‘software’ (technique, know-how, and 

information),’human ability, organizational management aspects, environmental condition and 

the final product (including marketing potential) are rendered accessible to the end-users. Thus, 

due to this fact the distribution of biogas plants varies from one region to another. 
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4.1.3. Application/ purpose for Biogas System Installations 

 

Table 4.2 shows that the number of institutional biogas and their corresponding applications. 

Thus, the respondents were asked to give the most important application of the installed biogas 

plants. As per them, the most important applications were for only cooking as a substitute for 

fuel wood and conventional energy sources 59(64.8%), cooking and lighting 8 (8.8%),and 

27(29.7%) of institution also utilized the effluent slurry as an organic fertilizer. However, 

5(5.5%) Institutions installed biogas plants for the purpose of teaching or demonstration only. 

The result indicated that the primary objective of installation of biogas plants were for cooking.  

Table 4. 2 Purpose for biogas system installation 

 

 

 

Countries like Nepal, India, and China where biogas plants have been disseminated to a 

significant extent, the benefit of biogas to replace the conventional fuel sources is the main 

purpose for the installation of biogas plants. In line with this in the first years of the biogas 

development in European farms, the aspect of energy was the major, if the not the only reason to 

build a biogas unit (Marchaim, U., 1990). Similarly, this is consistent with Ethiopia as shown in 

Table 4.2, 86 (94.5%). For instance, Getenet Fered (1998) reported that the prevailing of drought 

Application/purpose  

Number of 

Institutional 

Biogas Plants Percent 

Cumulative 

Percent 

Cooking 59 64.8 64.8 

Cooking and Agricultural fertilizer 3 3.3 68.1 

Cooking and waste stabilization, and  fertilize   10 11.0 79.1 

Cooking, fertilizer, waste stabilization, and others 3 3.3 82.4 

Teaching purpose/demonstration 5 5.5 87.9 

cooking & lighting, fertilize 3 3.3 91.2 

Cooking, Lighting, Agricultural Fertilizer & 

Others[i.e., mill, pump, etc.] 
1 1.1 92.3 

Cooking, milk processing & heating, and fertilize  1 1.1 93.4 

Cooking, Agricultural fertilizer& teaching purpose 2 2.2 95.6 

cooking, lighting & fertilizer 1 1.1 96.7 

Cooking, lighting, fertilize & for 

Demonstration/teaching 
2 2.2 98.9 

Cooking & Boiling/Sterilization, and  fertilize 1 1.1 100 

Total 91 100.0  
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is nothing but results of deforestation. Because of this action, a very large amount of soil is 

eroded by water and wind, resulting in decreasing the fertility of soil and productivity of crops in 

the country. By considering these constraints and facts on fire wood scarcity, the Debre Tabor 

Child care center takes measure to have possible ways to get fuel for cooking food. The effort is 

made because the center helps about 200 destitute children. Since responsibility is devolved on 

this charity center for fostering the children, more amount of firewood is required daily to cook 

their food. It is from this angle that the charity center constrained to construct a biogas plant of 

large size (i.e.75 cubic meter) near its kitchen. 

 

On the other hand, the application of the output slurry of the system as organic agricultural 

fertilizer, which is only applied by 27(29.7%) Institutes were not valued much more in Ethiopia. 

This shows that, integration of biogas systems to agriculture as application of output slurry as 

organic fertilizer was not well promoted in Ethiopia. Nevertheless, some of the respondents, 

especially from Hotel institutes said that, slurry, when it comes out of the digester is difficult to 

handle, since it cannot be carried on the hand or in a basket. Hence, it becomes necessary to have 

pits near the plant. When there is scarcely enough space for the plant alone, small cart tanker 

could be designed, but this would involve additional cost. This is considered as the main problem 

in utilization of the output slurry as organic fertilizer for them.  

 

Since almost all the biogas plants under study were located in electrified areas, the use of biogas 

lamps was limited to only 8 institutions as a supplementary, and the number of lamps in these 

institutions ranges from one to eight. However, they were not functional at the time of visit. 

Biofarm and Hiwot Farm, at Bole Bulbula besides using stoves for cooking and gas lamps for 

lighting, they also use biogas Boilers for milk processing. Interestingly, Hiwot Farm uses biogas 

dual engine generator for mill and water pumps. Moreover, 14 (15.4%) respondents said that in 

addition to meeting our energy demand to a significant level, the plant also provides us good 

means of waste management or sanitation, and hence it saves the cost of waste disposal from 

farms, toilet and kitchen. For instance, According to Alemayehu Zeleke
 
(2004), the main 

objective of the Alema farm at Debrezeit to construct biogas plant was in order to reduce the bad 

smell of the pig farm. Because of its location and due to the offensive smell problem to the 
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nearby residential area, the farm has to transport the waste from the poultry and pig stay to a long 

distance. This long distance travel to damp the waste leads the farm to allocate considerable 

costs. Even if the waste is dumped in faraway place the farm was letting the waste for some days 

until it gates to fill the transportation truck in order to reduce the frequency of waste collection 

then by to reduce the waste. However, after the implementation of the biogas plant the farm have 

solved the problem by letting it to ferment. Beside the waste management, system through biogas 

the generated biogas is used for poultry processing and preparation of feed for the pigs. The 

fermented slurry is also applied directly to the vegetable farm mixing with irrigation water.  

 

4.2 Construction of Biogas Plants 

4.2.1 Type of the Plants 

Of the 91 institutional biogas plants visited and analyzed during the study, 76 (84%), were of the 

“fixed dome” design adopted from Chinese, CAMARTEC, Deenbandhu, and other models of 

biogas plants with slight modification, and 15 (16%) of the “floating drum” design. In fixed 

dome design, the volume of the plant remains constant but the gas pressure varies. The 

construction of this plant is a skilled mason’s work and requires special training. Since this type 

of plant can be constructed at the site with locally available materials excluding cement, the 

design has become popular. Figure 4.2 shows number of different types of biogas digester 

designs, which were found under this study. 

 

Figure 4.2:- Type of digesters 
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4.2.2 Size of the plant 

 

The sizes of the plants (i.e. size of digester plus size of the gas holder / dome) range from 13.6 

m³ to 350 m³ depending on the quantity of the feeding materials available, size of people in each 

institution, and purpose of the plant. In 16 institutions a plant of 100 m
3
 and in 8 institutions a 

plant of 150 m³ for each was constructed. The size of the plants were reported to be selected 

based on the recommendations from the contractors and service providers, who used the quantity 

of feeding materials, affordability of institutions, gas requirement in the institution as main 

decision making criteria; or from those, who paid for installation. According to the study, the 

size of the plant varies in different institution. Thus, plants of size from 13.6 m³ to 200 m³ in 

Schools, Collages, and Universities; 65 m³ to 100 m³ in Prisons; 56 m³ to 120 m³ in Hospitals; 16 

m³ to 100 m³ in Hotels;  25 m³ to 350 m³ in Farms; and 16 m³ to 150 m³  in Government 

institutions, Religious convent, Orphanage camps, and others were installed. 

 

For large biogas systems, it is recommended to construct a number of digesters in series. 

Construction of digesters in series allows more retention time as well as facilitates micro 

bacterial activities to yield gas. In addition, construction of smaller domes is simpler as it reduces 

the risks for collapsing and leakages (Anicent and Philbert 2008). For instance in Deberemarkose 

Prison Administration, the system was made out of digesters of 65 m³ each installed in series.  

 

Sometimes the actual volume of digester different from the theoretical calculated volume of the 

digester due to poor design and other factors. For instance the theoretical volumes of Bio digester 

for the selected biogas plants, which are connected only to the toilet, are as follows. 

 

The quantities of human excreta per capital as reported in the literature vary widely. Figures for 

collected septets, i.e. facial sludge stored in septic tanks, can be as low as 0.3 lit /person/day and 

as high as 1.3 lit./person/day. Most of the reported values vary between 0.5 and 1 lit /person/day 

(CMS, 1996). 
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The following assumptions have been made to calculate the volume of excreta available in the 

context of institutions, which use human excreta as the only feedstock to their bio digesters 

(Karki et al., 1994). 

� Adult (15 years or above) of excreta production/day is 0.25 kg. 

� Adult (15 years or above) of urine production/ person/day is 2 lit. 

� One Kg of human excreta produces 0.05m
3
 of biogas. 

� Hydraulic Retention Time (HRT) of 70 days ensures that most of the pathogens are 

destroyed. 

� Total solids of urine/person/day=10 %( 2lit) =0.2kg. 

� 1 Kg of faces occupies 1 lit of volume. 

Based on these calculations of the size of the bio digester are as follows: 

� Let No. of regular latrine users (15years or above) =N                                                 (1) 

� Amount of night soil/day ==========N*0.25 Kg = 0.25 N Kg.                               (2) 

� Amount of total solids of urine/day = N*(2 lit)*10% = 0.2 N Kg.                               (3) 

� Average Amount of Total daily feed = 0.25 N Kg + 0.2 N Kg  

                                                            = 0.45 N Kg.                                                        (4) 

� Hydraulic Retention Time (HRT) = 70 days.                                                                  (5) 

� Volume of Active or input slurry (Vactive) = HRT*(Total daily feed in Kg)* 2/1000 m
3
 

                                                                   = 70 days * 0.45 N * 2/1000 m
3
  

                                                                    = 0.063 N m
3
                                               (6) 

� Volume of Gas production/day (VG) = 0.05 m
3
/Kg * 0.45 N Kg/ day  

                                                           = 0.0225N m
3
/day.                                              (7) 

� Volume of Dome = VG + 10% VG.   = VG (1.1) = (0.0225N m
3
/day)*(1.1)  

     = 0.02475 N m
3
.                                                                       (8) 

� Size of Digester = Dome + Active  slurry = 0.02475 N m
3
 + 0.063 N m

3
 

                          = (0.08775) Nm
3
                                                                         (9) 

 

The numbers under Theoretical size and Difference columns are rounded.  
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 Table: 4.3 Comparison of theoretical and actual volume of the biogas plants. 

 

It is clear from Table 4.3; the actual size of the plant is not equal to its theoretical size for each of 

the plants described in the table. The difference ranges from 6 m
3
 to 383 m

3
. This shows that, 

even though, the number of people in each institution varies with time, there might be a problem 

by constructors or any concerned body during designing the size of the plants. This mistake also 

contributes for the malfunctioning of the biogas system. However, even though some plants were 

over feed, they operate very well. This is because the inlet of the digester might not be properly 

fitted to the out let of the toilet and hence decreased the theoretical loading rate of the digester.  

If the plant is underfed, the gas production will be low. In this case, the pressure of the gas might 

not be sufficient to displace the slurry in the outlet chamber. This means that the amount of 

slurry fed into the digester is more than the amount of slurry thrown out from the out let. This 

will cause the slurry level to rise in the digester and gasholder; and it may eventually enter to the 

gas pipe and sometimes to the gas stove and lamp while opening the main valve. Therefore, the 

size of the plant should be designed according to the amount of feedstock, which is available for 

the biogas plant (Shakya, and Charushree, 2009d). 

 

 

No. 

 

 

Name of Institution 

Average 

No. of 

regular 

users(N

) 

Theoretical 

Size of 

Biodigester(

=0.08775Nm
3 
) 

Actual 

Size of 

Bio- 

digester 

(in m
3
) 

Difference

=(Actual)-

(Theoretic

al) in m
3 

 

 

 

Remark 

1 AAEP Authority 380 33 40 7 Under feed 

2 AAU Science Faculty 2500 219 150 -69 Over feed 

3 Addis Zemen Prison Camp 600 53 100 47 Under feed 

4 Ayertena High School 2560 225 20 -205 Over feed 

5 Bethel Hospital 500 44 56 12 Under feed 

6 Bole High School 1250 110 20 -90 Over feed 

7 Desie Prison Camp 1500 132 100 -32 Never operate 

8 Debretabor Prison Camp 1070 94 100 6 Under feed 

9 Ethiopian Civil Service College 1500 132 100 -32 Over feed 

10 Fiche Secondary School 1250 110 96 -14 Over feed 

11 Guntar Birma Memorial School 1200 105 200 95 Under feed 

12 Kality Prison Camp 5500 483 100 -383 Over feed 

13 Kefetegna7MLTech.&Voca.cnetr 1000 88 20 -68 Over feed 

14 Kombolch Prison Camp 350 31 75 44 Under feed 

15 Kombolcha S.School 1250 110 20 -90 Over feed 

16 MissionaryofCharityJimmaKulobr 100 9 100 91 Under feed 

17 Missionary of Charity Jimma (setto) 750 66 150 84 Under feed 

18 Oromia Prisoners TVET 450 40 65 25 Under feed 

19 SelamTech.&Voca.Traing Center 140 12 50 38 Under feed 

20 Sheno Prison Camp 700 61 100 39 Under feed 
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4.2.3 Building contractors 

 

Out of the 91 institutional biogas plants visited 7 (7.7%) were installed by Institute itself, 48 

(52.7 %) by private contractors, and 24 (26.4 %) by STVTC. However, the remaining 12 

(13.2%) were constructed by Ethiopian Natural Resource Conservation, Rural Energy, Rural 

Technology Promotion Center, and others. Table 4.4 shows the number of biogas systems 

installed in each type of institution by different contractors. 

Table 4.4: Number of biogas systems installed in each type of institution by different contractors 

 

The result shows that, since 1976 up to 2000 E.C, Private contractors installed 12 (80%) of 15 

plants in Prisons, 4 (80%) of 5 plants in Hospitals, 8 (33.3%) of 24 plants in 

Schools/Colleges/Universities, 11 (91.7%) of 12 plants in Hotels, 4(100%) of 4 plants in 

Religious convent, and 2 (50%) of 4 plants Orphanage camp. It also indicates that, Since 1992 

E.C up to 1999 E.C, STVTC constructed 8 (33.3%) plants in Schools/Colleges/Universities, 3 

(20%) in Prisons, 5 (45,5%) in Farms, 2 (50%) in orphanage, and 4 (28.6%) in other Government 

Type of 

institutes 

 

Who constructed the system 

Total 

Own 

construct

-ion ENRC BJBC STVT C 

Private 

Contractors 

Rural 

Energy ERTPC Biofarm 

School/Colle

ge/Universit

y 

3 2 0 8 8 2 1 0 24 

Prison 0 

 
0 0 3 12 0 0 0 15 

Hospital 1 

 
0 0 0 4 0 0 0 5 

Community 0 

 
0 0 0 1 0 0 0 1 

Farm 3 

 
0 0 5 2 0 0 1 11 

Hotel 0 

 
0 0 1 11 0 0 0 12 

Religious 

convent 
0 0 0 0 4 0 0 0 4 

Orphanage 

camp 
0 0 0 2 2 0 0 0 4 

Other 

Government 

Institutes 

0 2 1 4 4 1 1 1 14 

Other 
0 0 

0 

 
1 0 0 0 0 1 

Total 
7 4 

1 

 
24 48 3 2 2 91 
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institutions. Since that year, STVTC relatively are not only the known building contractors of 

biogas plants, but also suppliers of some appliances, like stoves. However, of 24 biogas plants 

constructed by STVTC, currently 10 (41.7%) plants are not operational. Similarly, of 48 biogas 

plants installed by Private Contractors, at present 19 (39.6%) are not operational. 

The following Table illustrates the total service year of biogas plants, which were constructed by 

different constructors. 

 

Table 4.5:-The total service years of biogas plants constructed by different constructors 

 

 

 

 

Total service 

year 

 

Who constructed the system 

 

 

 

 

 

 

 

 

Total 

Own 

construction ENRC BJBC STVTC 

Private 

Contractors 

Rural 

Energy ERPC Biofarm 

Not at all 0 1 0 4 5 1 1 0 12 

1 years ≤ 0 0 0 1 3 0 0 1 5 

1 - 3 years 1 0 0 5 20 1 0 1 28 

4 - 6 years 2 0 0 8 11 0 0 0 21 

7 - 9 years 0 0 0 6 8 0 0 0 14 

10-12 years 2 0 1 0 0 0 0 0 3 

13-15years 1 0 0 0 0 0 0 0 1 

≥ 16 years 0 3 0 0 1 1 1 0 6 

 

Total 6 

 

4 

 

1 24 48 3 2 2 90 

 

 

Table 4.5 shows that only 10 plants give service 10 and above years. However, a round 72 of the 

plants give service less than or equal to 9 years, and 12 of the plant were not give service at all. 

Generally, out of 24 plants installed by STVTC 4 (16.67%) and of 48 plants installed by private 

contractors 5(10.41%) were never functional at all. However, of 4 plants constructed by ENRC 

(Ethiopian Natural Resource Conservation), 3 plants were operating for 16 years and above. This 

shows that there is lack of After Sale Service by both STVTC and Private constructors. 
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4 2.4 Financing for Construction of Institutional biogas plants 

To make investment in biogas plants more attractive, financial incentives have to be provided, as 

subsidies and loans, by the national governments, financial institutions, rural developments, and 

voluntary donor agencies from the nation and outside for both domestic and institutional biogas 

systems. 

The study findings revealed that the investment cost of 54 (59.3%) institutional biogas plants 

was fully paid for by the Institute itself, and 25 (27.5%) plants were fully subsidized by donors. 

Interestingly the cost of 7 (7.7%) plants was covered by both the donors and the Institute itself, 

whereby the institute contributed the labor costs for digging the pit.  Figure 4.3 show that the 

contribution of Institution, Government, and Donor agencies for investment in institutional 

biogas plants under this study. 

  

 

 

Figure 4.3 the investment cost covered by different organization for the installation of biogas 

plants

Government 
1%

Donor 
28% Institution itself 

59%

Institution and 

Government 
2%

Institution, 

Government, 

and Donor 
2% 

Institution and  
Donor 

8% 
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. 

 

To save commercial energy, prevent deforestation, reduce soil erosion and preserve organic 

biomass for recycling, and to produce more food grain, a comprehensive program for the use of 

non-conventional energy was introduced by the Government of India. The government of India 

provided a 10% subsidy for the installation of community biogas plants. In India there were over 

250 community/ institutional biogas plants in operation (Marchaim, 1992). However, the 

contribution of the government of Ethiopia for investment cost of institutional biogas plants so 

far is almost insignificant, which is almost 4.4% of 91 visited installations. 

 

Table 4.6:- Types of Institutional biogas plants installed by different organizations  

 

 

 

As shown in Table 4.6, the investment costs of 11 (45. 8%) of plants in 

Schools/Colleges/University, 3 (60%) of plants in Hospitals, 10 (90.9%) of plants in Farms, 11 

(91.7%) of plants in Hotels, 3 (75%) of plants in Religious convent, 4 (100%) of plants in 

Type  

of Institution 

Who paid for the plant/system  Institution  

Total Institution  

itself 

Government Donor Institution 

and 

Governme

nt 

Institution 

and Donor 

Institution, 

Government,

& Donor 

School/College/

University  

11 1 

 

12 

 

0 

  

0 

  

0 

  

24 

  

Prison 

 

0 

  

0 

 

6 

 

1 

 

6 

 

2 

 

15 

  Hospital 

 

3 0 

  

2 

 

0 

  

0 

  

0 

  

5 

  Community 0 

  

0 

  

1 0 

  

0 

  

0 

  

1 

  Farm 

 

10 

 

0 

  

0 

  

0 

  

1 

 

0 

  

11 

  Hotel 

 

11 

 

0 

  

0 

  

1 0 0 

  

12 

  Religious 

convent 

 

3 

 

0 

  

1 

 

0 

  

0 

  

0 

  

4 

  

Orphanage 

camp 

 

4 

 

0 

  

0 

  

0 

  

0 

  

0 

  

4 

  

Other 11 

 

0 

  

3 

 

0 

  

0 

  

0 

  

14 

  
Government 

Institute 

 

1 

 

0 

  

0 

  

0 

  

0 

  

0 

  

1 

  

Total 

 

54 1 25 

 

2 

 

7 

 

2 

 

91 
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orphanage, and 11(78.6%) of plants in other institution were fully covered by the institute itself. 

However, the study revealed that the costs of 12 (50%) of plants in 

Schools/Colleges/Universities, 6 (40%) of plants in Prisons, 2 (40%) of plants in Hospitals, 1 

Community plant, 1 plant in religious convent, and 3 (21.4%) of plants in other institutes were 

fully subsidized by Donors. What is more, since prisons have unskilled labor potential, 8 prison 

camps contributed the labor costs for digging the pit, which is estimated about 10% of the total 

cost, and the rest 90% were subsidized. Of these plants installed in prison camps, Prison 

Fellowship subsidized six, and other Donors and Government subsidized the rest two. 

Cost of Installation of Biogas Plants per volume 

The cost of construction of a biogas system depends on the volume of the digester, the raw 

materials needed for the construction of a biogas system including digester, stoves, pipes and 

other accessories. The cost of those materials varies in terms of time, inflation, quantity 

purchased and location. In most cases, supplementary constructions like toilets, water tanks are 

built to allow digesters to operate well. To compare costs per digester, it is assumed that: 

� The inflation rate remains constant. 

� The unit cost means the total cost of biogas installation including plant, accessories, and 

other complementary construction divided by the size of the plant (i.e. size of digester 

plus gas holder/dome). It is expressed in Ethiopian Birr per m
3
. 

Table 4.7 indicates that the costs of institutional biogas systems. These costs are based on the 

data collected during the visit. The figures for the unit cost of the biogas system in the table are 

rounded. 

Table: - 4.7 Cost of Institutional biogas systems 

 

No Type of institution Size of the 

plant(in 

m
3
) 

Total average 

Installation cost 

(in Eth. Birr) 

Unit Cost(in 

Birr/m
3
) 

Average 

unit cost(in 

birr/m
3
) 

1 School/college/university 16 - 200 8022- 200000 501-1000 750.5 

2 Prisons 65 - 100 39450- 85630 607 - 856 731.5 

3 Hospitals 120 - 130 21140-119000 176 - 915 545.5 

4 Farms 25 - 350 25000- 247500 1000-707 853.5 

5 Hotels 20 - 100 8500- 150000 425-1500 962.5 

6 Religious convent 50 60000 1200 1200 

7 Orphanage camps 75 - 150 25949- 95000 346 - 633 489.5 

8 Others 16 - 150 7000- 120000 438 - 800 619 
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The costs of Prison biogas systems 

 

Prisons paid an average cost of between 39450 and 85630 Et.Birr to install biogas systems of 

plant sizes between 65 m
3
 and 100 m

3
 respectively. Unit costs vary from 607 to 856 birr per mtr

3
. 

The average unit cost for prison biogas system was 731.5 birr per m
3
. These costs include 

complementary accessories like pipes, stoves, toilets, etc. The difference in costs is mainly due to 

the number of complementary construction like toilets for some institutions and the variability of 

the cost of materials through time. 

 

The table below shows the costs of prison biogas system. The figures in the unit cost column 

below are rounded. 

Table 4.8 the costs of prison biogas system 

 

 

 

The costs of Schools/Colleges/Universities Biogas System 

 

As it is shown in Table 4.7, biogas systems of size 16 m
3
 to 200 m

3
 were installed in secondary 

schools/colleges/universities. The construction cost vary between Eth. Birr 8022 and 200000, 

and the unit cost ranges from 501 to 1000 birr per m
3
. The difference in the unit cost is largely 

 

 

No 

 

 

Prisons 

Year of 

construction

(E.C) 

Total 

cost(Eth. 

Birr) 

 

Size in 

mtr
3
 

Unit 

cost(Bi

rr/mtr
3

) 

1 AddisZemenPrisonAdministration 1995 120,000 100 1200 

2 BahirDar Prison Administration 1996 62,222 100 622 

3 Dasie Prison Administration 1997 53,333 100 533 

4 DebretaborPrison Administration 1999 68,000 100 680 

5 FenoteselamPrisonAdministration 1997 62,200 100 622 

6 Harar Prison Administration 1998 35,550 100 356 

7 Kality Prison Administration 1999 125,000 100 1250 

8 KemessiePrison  Administration 1999 60,000 100 600 

9 Kombolcha Prison Administration 1995 50,000 75 667 

10 Markose prison Administration 2000 120,000 130 923 

11 MehalemedaPrison Administration 1998 32,000 65 492 

12 Oromia Prisoners TVET 1996 46,900 65 718 

13 Sheno Prison  Administration 1996 140,000 100 1400 

14 Woldia Prison Administration 1998 130,000 100 1300 

15 Wolkite Prison Administration 1997           75  
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due to the complementary constructions, the variability of the cost of materials, and accessibility 

of different skilled and unskilled workmanship through time and location. However, the average 

construction unit cost for these institutions biogas system was 750.5 birr. 

 

The costs of Hospitals Biogas Systems 

 

The cost of construction of biogas systems of plant size 120 m
3
.to 130 m

3
.for hospitals were 

21140 to 119000 birr and the unit cost ranges from 176 to 915 birr. The difference in unit costs is 

due to the difference in contractors and cost of materials through time and location. However, the 

average unit cost of construction for these institutions biogas system was 1003 birr. 

 

The costs of Farms Biogas Systems 

 

As it is shown from table biogas systems of size 25 m
3
 to 350 m

3
 were installed in farm 

institutions. The total construction costs vary between 25000 and 247500 birr. Furthermore, the 

unit costs vary from 1000 to 707 birr per m
3
 respectively. This shows that the unit cost of the 

smallest biogas system is greater than that of the largest biogas system. However, the average 

unit cost for these institutions biogas system was 853.5-birr m
3
. 

 

The costs of Hotels Biogas Systems 

 

Hotels paid between 8500 and 150000 birr to install biogas systems of size 20 m
3
 and 100 m

3
. 

Unit costs vary from 425 to 1500 birr per m
3
. The average unit cost for hotel biogas systems was 

962.5 birr per m
3
. 

 

The costs of Religious convent Biogas Systems 

 

Out of 91 institutional biogas plants, three were found in religious convent. The size of each 

plant is 50 m
3
. Moreover, the average total construction cost and unit cost were 60,000 birr and 

1200 birr per m
3
 respectively. It is indicated from table that the average unit cost for these 

institutions biogas system was highest of all other institutions biogas systems. This might be due 

to other complementary constructions and that private contractors constructed all religious 

biogas systems. 

 



49 

 

 

 

The costs of Orphanage camps and Other institution Biogas System 

 

As Table 4.7 shows the biogas plants of size 75 m
3
 to 150 m

3
 were installed in orphanage camps. 

The average total construction cost, and unit cost of biogas systems in these institutions were 

range from 25949 to 95000 birr, and 346 to 633 birr per m
3
 respectively. Hence, the average unit 

cost was 489.5 birr per m
3
. However, other institutions paid between 7000 and 120000 birr to 

install biogas systems of plant size between 16 m
3
 and 150 m

3
. The unit costs of these plants also 

vary from 438 to 800 birr per m
3
, and hence, their average unit cost was 619 birr per m

3
. 

 Table4.9 also shows the association between the estimated total cost for construction of 

institutional biogas plants and their completion date of construction. 

  

Table 4.9 Correlations between Estimated total cost of construction of institutional biogas plants 

and their completion date of construction 

    

Estimated total 

cost in ETB 

Completion date of 

construction 

Estimated total cost in 

ETB 

Pearson Correlation 1 .341(**) 

Sig. (2-tailed)   .006 

N 64 64 

Completion date of 

construction 

Pearson Correlation .341(**) 1 

Sig. (2-tailed) .006   

N 64 64 

** Correlation is significant at the 0.01 level (2-tailed). 

 

 

Table 4.9 revealed that there is a significant association between the completion dates of 

construction and estimated total cost of installation of biogas systems. This is due to the 

variability of material, and skilled and unskilled workmanship costs through time. 

 

4.3. Operation 

The key to proper operation of biogas plant are: the daily feeding with mixing of proper 

proportions of dung and water; frequent draining of condensed water in the pipe line through the 

water outlet; cleaning of stoves and lamps, oiling of gas valves and gas taps; cleaning of 

overflow outlet; checking of gas leakage through pipe joints and gas valves; and adding organic 

materials to slurry pits. As long as these tasks are carried out reliably and carefully, the plant will 
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function properly (Karki et al., 1994). The subsequent sections describe the finding of the study 

as regards the operation of the biogas plants. 

 

4.3.1. Plant feeding  

A, Feeding materials  

The amount of gas production in biogas digester depends up on the type and quantity of feeding 

added to it daily provided that the plant is technically all right. Cattle dung and human excreta 

are mainly used and can be separately used or in combination. Besides these kitchen wastes, 

poultry waste, other animal wastes, and any available biodegradable organic wastes are also used 

to feed biogas plants. Table 4.10 shows that the composition of feeding materials being used in 

biogas plants observed during visit. 

Table 4.10: Types of feedstock used 

 

 

The study indicated that (Table. 4.10) among 91 visited institutions, which installed a biogas 

system, 1 (1.1%) has never started feeding, 20 (22%) of all completed digesters use human waste 

as feeding materials, and 26 (28.6%) use cattle dung. However, 17 (18.7%) use combination of 

human and kitchen wastes, 11 (12.1%) use cattle dung and human waste, and 8 (8.8%) combine 

cattle dung, human and kitchen wastes to feed their digester. 

Type of feedstock used 

No .of 

Institutions Percent (%) 

Cattle dung only 26 28.6 

Human waste only  20 22.0 

Cattle dung, kitchen and human wastes 8 8.8 

Cattle dung and human waste 11 12.1 

Kitchen  and human wastes 17 18.7 

kitchen , human, & slaughter wastes 1 1.1 

Cattle & other animals [i.e. goat, sheep, etc.] wastes 1 1.1 

cattle dung, chicken & farm wastes 1 1.1 

Cattle dung, Human  & Other animals wastes 2 2.2 

Cattle dung & Kitchen waste 1 1.1 

Slaughter waste 1 1.1 

Goat & Sheep waste 1 1.1 

Not started feeding 1 1.1 

Total 91 100.0 
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Attaching latrine with biogas plant has two fold benefits: (i) the disposal problem of human 

waste that is hazardous to human health is solved thereby improving environment and sanitation; 

and (ii) additional amount of gas as well as manure is produced because of using latrine waste in 

conjunction with cattle dung, other animal waste, and kitchen waste. However, compared to 

animal waste, human faeces and latrine waste have been used for biogas generation in limited 

scale in most of developing countries due to social or religious reservation. The only exception is 

china where latrine waste is traditionally and socially acceptable and is used to produce biogas 

for cooking and lighting and bio-manure to maintain soil fertility (Karki and Dixit, 1984). 

However, in Ethiopia there is no such cultural inhibition. Thus, the result indicated that among 

91 institutions visited, 59 (64.9%) institutes have connected their digester to the toilets. On the 

other hand 26 (28.6%) institutes have been feeding their digester with cattle dung alone, since it 

is an important raw material for the production of biogas, whereas 24 (26.4%) institutes combine 

cattle dung with human, kitchen, and other animal wastes. Production of biogas from kitchen is 

not a new concept. It has been successfully implemented in china, India and other countries. 

Often, kitchen waste is feed in to the digester as a secondary in put along with other organic 

matter (e.g., mainly together with cow dung and human waste). The result of the study indicated 

that 27 (29.7%) institutional biogas plants in Ethiopia use kitchen waste as a supplementary in 

put along with human waste and/or cow dung. 

 

 

B, Availability and source of feed materials 

 

The outcome of the study also suggested that out of 91 institutional biogas plants surveyed, the 

availability and source of feed materials for 80 (87.9%) biogas plants were only from the 

institute itself, while for 11 (12.1%) plants, both from the institute and outside of the institute. 

Table 4.11 describes the availability and source of feed materials in each type of institutes. 
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Table 4.11: Availability and source of feed materials with in each type of institute 

 

 

 

As shown in Table. 4.11 eight of the institutional plant simply collected (without any cost) 

supplementary input feed materials from outside, two of the plants purchased, and one of the 

plant get supplementary input materials both by  collecting and purchasing from outside the 

institute . It is also reported that the amount of available feed stoke from outside was: one truck 

of cow dung per month (4 respondents); two trucks of cow dung per month (1 respondents); two 

trucks of cow dung per year (1 respondents); and other, which is unknown quantity (4 

respondents). 

C) Loading Rate 

The type of raw materials (input feed stokes) used for biogas production during survey were 

human waste, cattle dung, chicken waste, and the combination of these with kitchen wastes 

comprising of uncooked vegetable wastes such as potato peels, banana peels, vegetable stems, as 

well as cooked food wastes. In principle, any biodegradable materials, if fermented under 

anaerobic condition, can produce biogas by the action of methanogenic bacteria. However, the 

result of the study from Table 4.10 revealed that kitchen waste is fed into the digester as a 

secondary input along with other organic matter (i.e. human waste and cattle dung).  

 

 

 

Type of institute 

Availability and source of feed materials  

 

Total 

 

Only 

from 

institute 

Both from institute & outside of the institute 

Collected 

from 

outside 

Purchased 

from outside 

Collected & 

Purchased from 

outside 

School/College/University 23 1 0 0 24 

Prison 14 0 1 0 15 

Hospital 3 1 1 0 5 

Community 1 0 0 0 1 

Farm 10 1 0 0 11 

Hotel 10 2 0 0 12 

Religious convent 2 0 0 1 3 

Orphanage camp 5 0 0 0 5 

Other 11 3 0 0 14 

Government Institute 1 0 0 0 1 

Total 80 8 2 1 91 
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The process of fermentation of animal waste such as cow or buffalo dung is easier as they 

naturally contain methanogenic bacteria and can be mixed well with water. Thus, the retention 

time for cow or buffalo dung is less compared to kitchen waste; however, in order to kill the 

pathogenic bacteria from human waste the retention time of human waste is greater than cattle 

gung.  

 

Bioreactors can be designed to operate as continuous, batch or both as continuous and batch 

feeding systems. If, each day for a given input, an equal volume of digested output is removed it 

would be a continuous system. Conversely, if the plant is fed fully and, once gas production 

diminishes drastically or even ceases it is completely emptied, it would be a batch fed system 

(Karki, 1994). Depending up on the type and availability of feeding materials, and design of 

biogas plants in each institution, the loading rate of biogas plants are described in Table 4.12 

 

Table 4.12 Loading interval of biogas plants  

 

 

Loading rate 

 

No. of 

Institutional 

biogas plants 

 

Percent 

Not at all (i.e. not starting feeding) 5 5.5 

Once daily 15 16.5 

Alternate 3 3.3 

Continuous 24 26.4 

Weekly 1 1.1 

Once daily and Continuous 28 30.8 

Twice per day 3 3.3 

Twice per day & continuous 4 4.4 

Alternate & continuous 2 2.2 

Once daily & weekly 1 1.1 

Once daily, Continuous & Weekly 2 2.2 

Once daily, continuous & others(i.e. once semi- annually) 2 2.2 

Continuous, & twice/month 1 1.1 

Total 91 100.0 
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d) Agitation 

 

The mixing action also prevents the formation of scum and facilitates release of the biogas. For 

thorough mixing of the cow dung and water (slurry), a slurry-mixing machine can be fitted in the 

inlet of a digester (Karki, 1994). However, the finding of the study revealed that only 51 (56%) 

of the visited plants have this agitation action in the inlet of the digester. 

  

Moreover, Vegetable materials from kitchen and farm wastes should be chopped into small 

pieces and left for pre-fermentation (20-30 days) in a closed bin so that the acidic phase occurs 

before the waste is fed into the biogas plant. This decreases the retention time in the biogas plant. 

Apart from chopping the vegetable wastes into small pieces, the material should be mixed with 

equal volume of water to enhance the pre-fermentation process. Stirring the substrate from time 

to time also facilitates the pre-fermentation process. At the end of the acidic phase (i.e. pre-

fermentation), the substrate should be of thick consistency and should have a foul smell (i.e. 

rotten smell), but it should still be possible to identify the parent materials in the mix (Jerger, and 

Tsao, 2006). 

However, the outcome of the study indicated that, in majority of institutional biogas plants that 

fed by kitchen and farm wastes, vegetable wastes were not chopped well into pieces and mixed 

with water. They simply dumped the waste into the inlet tank. As a result, the inlet pipe of the 

digester may be blocked, and hence the digester became under fed and the biogas production is 

decreased significantly. 

  

4.3.2 Biogas plant management and Technical problems encountered 

 
4.3.2.1 Management 

Biogas plant is an open system, which has a dynamic relationship with its environment, and 

receives inputs; transform them to produce out puts. The inputs are received in the form of 

materials and energy. 

Simply speaking, biogas system is an aggregation of interrelated parts, each of which, in turn can 

be viewed as subsystems. Thus, a system approach will help to understand various aspects of 
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biogas technology and its relevance to other sectors at different levels of operation. It depicts 

various systems through which biogas could be affected and influence the socio-economic 

wellbeing of a society. Such an understanding is necessary for being able to manipulated 

different elements of the biogas system to make the optimum use of the technology in different 

situations (Karki and Dixit, 1984). 

 

Anicent and Philbert (2008) reported that the performance of institutional biogas systems is 

highly related on the one hand to the involvement and follow-up of institution managers and on 

the other hand on the skills of internal operators (i.e. biogas workers) and on technical and 

maintenance support availed. However, out of 91 plants surveyed, only 27 plants (29.7%) had 

assigned biogas workers who are managing the overall performance of the biogas system. Thus, 

it needs further encouragement to increase awareness on the society for proper managements of 

the biogas plants. 

 

a) Familiarity of users for operational activities 

The outcome of the study also suggested that the operational cost of biogas digester was virtually 

nil except for three institutional biogas plants who purchased dung from outside (Table 4.11). 

The zero operational cost was due to the feeding material is from the institute and labor for 

feeding and other operational activities incurred no expenditure as these were carried out in 

combination with other activities. Except  those institutional biogas plants, which are only 

connected to toilet people who are in charge of feeding the digester combine that activity with 

other activities, like cooking, cleaner, gardener, and barn attendant.  

 

In some institutions, there are individuals who have a better understanding how the biogas 

system works than any other members of the institution do. However, there were no internal 

technicians trained on maintenance and reparation in most of institutions visited. In fact, the 

functioning of biogas plant is basically determined not only by the quality of construction and 

workmanship involved but also by the quality of operation and maintenance efforts from the 

users. The users should be provided with basic orientation and familiar on various aspects of 

operation and maintenance such as proper feeding of the plant, proper operation of different 
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components of the biogas system, effective application of slurry, timely maintenance of plant 

components and improving cooking environment.  Table 4.13 illustrates the positive responses of 

the users when being asked and observed during visit about their familiarity for different 

operational activities. 

Table 4.13: Familiarity of users for operation of different activities 

 

 

As in Table 4.13 except for the operation of main gas valve, gas tap, and stove, more than 50% 

of institutions were not familiar for other operational activities of the biogas system. Therefore, 

the majority of the plant owners lack knowledge on different operational activities needed to be 

carried out regularly for the trouble-free functioning of biogas plant and its components. This 

might be due to ignorance and negligence of users, as they have not been provided with training 

on operation of biogas plants. It is also evident from the respondents that there is high need of 

training to educate the users on basic operation and minor maintenance of the installed plants. 

Existing physical status and functioning of majority of the plants under study also suggested that 

the users were not fully aware of the importance of effective operational activities and timely 

repair works for trouble-free performance of biogas plant. 

 

 b) Maintenance 

Effective and timely management of routine repair and maintenance works are key to the 

sustainability of biogas plants. As long as operational activities are carried out effectively and 

routine maintenance works are carried out in time, biogas plants function properly. During the 

field study, it was observed that in most institutions that for a number of stoves installed at least 

one or two of them stopped operating with minor defects. This shows that the need of training on 

No  

Operational Activities 

Positive responses(No 

of plants) 

 

Percent 

1 Proper feeding of the digester 36 39.6 

2 Frequently cleaning of over flow holes 34 37.4 

3 Operation of main gas valve 72 79.1 

4 Operation of water drain devices 26 28.6 

5 Operation of gas tap 83 91.2 

6 Operation of mixer device 29 31.9 

7 Top filling / back filling 3 3.3 

8 Operation of stove 83 91.2 



57 

 

 

 

minor repair and maintenance works to effectively manage their biogas plants. However, some 

users have a well-versed knowledge about this technology and can effectively manage their 

biogas plants. For instance, one respondent, who is the owner of a hotel, said that if there is a 

leakage from the pipelines, I could found where it is by tracing with lighting a match along the 

pipeline. Interestingly, Kombolcha Textile Shear Company (KTSC), not only maintain and repair 

their biogas systems, but also they could manufacture their own stoves. Out of the 91-biogas 

plants under study; 34 plants (37.4 %) have received some sorts of maintenance works. Table 

4.14 illustrates the positive responses of maintenance works carried out for the plant components 

such as, main gas valve, water drain, gas valve and appliances as responded by users. 

 

Table 4.14   Maintenance of the components 

 

 

 

Table 4.14 shows that the number of institutions who received maintenance works for their plant 

components are very small. Thus, for the success of institutional biogas systems more training on 

usage and maintenance issues has to be established in order to guarantee the efficiency of 

digesters and appliances. 

 

 

4.3.2.2 Technical problems 

 

Main technical problems, which causes for non-functioning or poor performance of the visited 

installations as reported by the respondents and observed during survey were: 

• Lack of technicians and technical support: Survey evidence by (Anicent and Philbert, 

2008). suggests that access to technical assistance is a major determinant of plant 

performance. However, the lack of skilled technicians in biogas systems maintenance is a 

serious problem in almost all institutions.  

No Items Positive responses(No. of 

plants) 

Percent 

1 Main gas valve 15 16.5 

2 Water drain 6 6.6 

3 Gas valve 23 25.3 

4 Appliances/ stoves 23 25.3 
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• Crack from biogas system: In some of non-functioning plants broken digesters and 

domes, dismantled gas pipes, and cracks from the inlet and outlet chambers were 

observed. 

• Blockage of biogas system: Biogas system blockage is one of the most common and 

worst problems and mainly caused by the introduction of solid materials in the system. 

When it occurs, it blocks the entire system and causes the back flow of the slurry in the 

outlet, inlet, or other parts of the system. The blockage can also cause the forced removal 

of the inlet, outlet, or the gas outlet cover, leading to the flow of the wastes on the open 

space, consequently creating bad smells around the digesters. This type of problem was 

observed at Woldia Prison camp, Alem hotel (Fiche), and Kokebe Tsebahe Secondary 

School (Addis Ababa) 

• Water shortage: In addition to other technical problems, even though, it was not 

common for most institutions, the shortage of water for dilution in Mehalmeda Prison 

camp also causes the non-operationally of the plant. 

• Low gas production: In some Institutions, in addition, to low temperature during rainy 

season, because of poor drainage system excess water discharges to the digester either 

through the inlet or outlet chamber. This resulting an over flow of the input slurry before 

completing its retention time and hence low gas production. Moreover, because of 

absence of water drain in most of biogas systems, the condensation of water vapor in the 

gas pipe may block the biogas and decreases the performance of the systems. 

• Defected components; Stoves and connectors: The quality and efficiency of the biogas 

cook stoves play a vital role for as far as the quantity of gas is concerned. Hence, the 

defected stoves and connectors cause the use of big amount of biogas. Some of 

institutions use only one or two stoves out of three or four stoves. This is because of 

nearly total absence of technical back-up services; the other two stoves were non-

functional. 

• Scum formation: The scum formation in the digesters is merely due to the introduction 

of non-degradable light materials, which accumulate at the top of the surface of the slurry 

in the digester. For cow dung fed digesters, the scum formation results from poor mixing 

of the dung. However, those digesters especially in Hotels that connected to the toilet are 



59 

 

 

 

also susceptible to scum formation due some plastic materials like ‘condom’. Because of 

scum formation, there is a significant decrease in gas production. 

Because of these technical and management problems, it is clear that users have to face some 

operational problems. Respondents were asked what the operational and technical problems that 

you have faced are, based on this Table 4.15 described operational problems encountered by 

biogas users. 

Table 4.15 Types of operational and technical problems encountered by institutional biogas users  

No Operational problems No. of 

Institutions 

Percent 

1 Bad smell 8 8.8 

2 Blockage 12 13.2 

3 Crack from gas pipe or hose pipe  4 4.4 

4 Distance of feedstock from the plant 2 2.2 

5 Flexible pipe wear out 1 1.1 

6 Gas valve wear out 1 1.1 

7 Lose of gas regulator 1 1.1 

8 Sludge accommodation ,maintenance cost,& 

skilled labor 
1 1.1 

9 Not operate 14 15.4 

10 Shortage of gas 12 13.2 

11 No problem 35 38.5 

 Total 91 100.0 
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Table 4.15 shows that, 35 respondents reported that they have not faced any significant 

operational problems so far. However, 8, and 12 respondents, reported that they have faced bad 

smell, and shortage of gas respectively. In addition, 14 respondents said that the plant is not 

operational.  

The other operational problems, which were observed during field investigation are; failing to 

close main gas valve, not observing rest period (i.e. observe longer rest period during low 

temperature), and Blockage and/or cracks of outlet and inlets of the digester. 

Gas production depends upon feeding of the plant and the temperature. In winter season when 

the temperature is low gas production will also be low. This can be improved by proper top 

filling (40 CM) of soil (heap composting). Never leave the concrete of the plant bare or with 

little top filling. By thumb rule 10kg dung, feed plant should run the biogas stove for an hour. 
Although there is enough gas in the dome, gas might not burn. This is because: 1) at the 

beginning, in newly filled plant, there might be a mixture of different non-combustible gases, 

which do not burn; In this case, release all the stored gases from the dome, by opening gas taps 

and water drain plug, and repeat this process until the gas burns easily. 2) Newly filled slurry 

does not produce methane gas instantly. In this case, Wait for about a week because, it takes 

some time to produce methane. 3) Main gas valve may not be opened, open the Main gas valve. 

4) The hole of gas tap and stove jet hole might be obstructed, clear all the ports in the gas tap, 

stove jet, and burner cap. 5) Water may have blocked the gas flow. In this case, open water drain 

and release all the water from the pipeline. 6) Lack of methanogenic bacteria. In this case, add 

slurry from old operating plant or cow dung (Shakya and Charushree, 2009d). 
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Gas production can be suddenly reduced or completely stops. This problem might be caused by: 

1) Quantity of slurry is decreased or increased suddenly than recommended, feed the 

recommended amount of dung and water daily; 2) Ratio of dung and water suddenly changes. In 

this case, mixture ratio should be corrected as to the recommended ratio. (1 kg dung: 1-liter 

water). 3) Decreased in the temperature inside the digester. In this case, leave the mixture in the 

sunlight for few hours before feeding inside the plant and increase the top filling on dome by 

more than 40 cm. 4) Chemicals such as soap water, detergent, toilets used by patients, and dung 

from the under treatment cattle may have been mixed. In this case, avoid use of such 

contaminating chemicals, patient toilets, and dung from under treatment cattle. In addition, 

continue to feed the plant daily with recommended amount of fresh dung and water until 

methanogenic bacteria develops fully. 5) Plant not having enough sunlight on dome; manage 

enough sunlight on dome. 6) Gas leakage in the pipe joints and cracks in the rubber hose due to 

poor quality. In this case, In this case, check all the joints with soap foam, repair the leakage or 

call the company technicians as soon as possible and replace with good quality r hose.  

Flame can be very weak or burns little with red flame. This problem can be also caused by; 

Slurry may have entered the pipeline. In this case, open the union of the main gas valve, fill the 

pipeline with water and open the water drain so that the filled water is released through the water 

drain. Continue this process until the pipe line is free from slurry. Same method should be 

applied through the gas tap to clean the other half of the pipeline. Moreover, no slope, water 

drain not placed at the lowest point or incorrect sloping of the pipeline, can also possible causes 

for this problem. In this case, maintain necessary slope so that water in the pipeline accumulate 

in the water drain from all side (Shakya and Charushree, 2009d). 

4.4. Physical Status and Functional Status of Biogas plants 

The study attempts to evaluate the overall performance of Institutional biogas plants based on: 

existing physical status and functioning of different components; functional status of the whole 

system; present level of benefits (hours of gas use per day); and levels of user’s satisfaction on 

the impacts of biogas plants on them. 
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4.4.1 General Existing conditions of plant components 

Biogas plant generally consists of the different components for effective operation and trouble-

free functioning. The existing conditions of different components of biogas plant was observed 

in detail during the field investigation to assess the quality of construction, effectiveness of 

management activities carried out and the operational status prior to categorizing them. The 

existing physical status and cleanliness condition of different components of biogas plants have 

been categorized in four different headings viz. very good, good, bad, and no (not exist or 

dismantled and not functioning) in qualitative manner, depending up on the physical observation 

of the plant during field investigation. Table 4.16 shows the categorization of general condition 

of biogas plant components (i.e. Existence, cleanliness, and performance conditions of plant 

components). 

Table 4.16: General Condition of Biogas Plant components (i.e. Existence, cleanliness, and 

performance    conditions of plant components) 

 

     * Very good ═ yes exist and functioning without defects. 

* Good ═ yes exist and functioning with minor defects. 

* Bad ═ yes exist and not functioning with major defects. 

 

 

 

Plant Components 

Current existence and performance conditions of Plants 

Very good Good Bad 
Not exist (or 

dismantled ) 

Initially not 

installed 

Nos.  %  Nos.  %  Nos.  %  Nos.  %  Nos.  %  

Digester and/or dome 

(gas holder) 
63 69.2 13 

14.

3 
13 14.3 1 1.1 1 1.1 

Inlet tank and mixer 47 51.6 21 
23.

1 
23 25.3 - - 

- - 

Outlet ( outlet + 

compensation chamber) 
40 44.0 21 

23.

1 
29 31.9 1 1.1 

- - 

Stirrer [from the 

digester] 
1 1.1 

- - - - 
1 1.1 89 97.8 

Main gas valve  53 58.2 15 
16.

5 
13 14.3 8 8.8 2 2.2 

Pipeline - - - - - - - - - - 

Water drain 24 26.4 9 9.9 8 8.8 4 4.4 46 50.5 

Gas flow meter - - - - - - 
- - 

91 
100.

0 

Pressure gauge 3 3.3 5 5.5 1 1.1 3 3.3 79 86.8 

Hose pipes 38 41.8 20 
22.

0 
18 19.8 11 12.1 4 4.4 

Gas stove 47 51.6 19 
20.

9 
13 14.3 7 7.7 5 5.5 
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It is evident from Table 4.16 that there are lot of rooms for further improvements in biogas plants 

and their components. The poorest component was observed to be the slurry pit as 31.9% of the 

pit falls under bad category. In addition to that, the result shows 100%, 91%, 89%, 79%, and 

46% of the plants did not install Gas flow meter, Stirrer from the digester, Pressure gauge, and 

Water drain respectively. General findings of the field investigation on these components are 

briefly described hereafter. 

 

Existing conditions of Inlet Tank with Mixing Device and Inlet pipe 

 

In general, rectangular or square inlet tanks with one end truncated to accommodate the inlet 

pipe are constructed. Stabilized cement brick or clay brick and stone are used to construct base 

and walls, which are plastered with cement-sand mortar (CMS, 1996). Reinforced cement 

concrete pipes are used to convey feeding materials to the digester. The quality of workmanship 

involved in construction is satisfactory with some opportunity of further improvements. Thus, 

the general defect observed in majority of plants was,1) the improper fitting of the inlet pipe 

from the outlet of the toilet to the digester and hence the digester become under feed; and 2) the 

improper location of inlet pipe. Inlet opening was placed in such a manner that inserting of pole 

or rod is not possible to deblock the inlet pipe in case of blockages.  

 

The inlet tank must be located at the opposite end of the outlet to orient inlet pipe exactly at the 

opposite of outlet opening, at the longitudinal centerline of the digester to ensure full digestion of 

slurry and comply with the designed retention time (Karki, A., 1994). However, this standard 

was not followed in some of the cases. The shortened retention time might be the cause of 

escaping of slurry through outlet opening before releasing the whole amount of volatile 

substances. Slurry in outlet and slurry pit in some of the cases was observed with bubbles, 

depressions, and bad smell, which indicated the escape of the biogas and hence incomplete 

biodegradation of the input organic matter in the digester. 

 

The outcome of the observation during survey revealed that the existence and cleanliness 

condition of inlet tank and inlet pipe of 47 (51.6%) plants were very good (i.e. operate without 

defect), 21 (23.1%) plants good (i.e. operate with minor defects), and 23 (25.3%) plants bad 



64 

 

 

 

(defected and stopped operating). However, none of the plant was fitted with mixing device. In 

addition to these crack and blockage from the inlet chamber of 16 and 15 biogas plants 

respectively were observed. 

 

Moreover, chemicals from detergents and medicines are inhibitors of microbial activities in the 

digester. As a result, it is not recommended to connect the inlet pipe to laundry or bathroom and 

to toilet, which are commonly used by patients in hospitals (Karki, 1994). However, such 

problems also observed in some hotels and hospitals. It is also observed that besides low 

temperature in rainy season, due to lack of good drainage system and absence of top cover to the 

inlet tank, excess water enters in to the digester in rainy season. This results in an over flow of 

organic matter before completes its retention time and hence resulting low gas production by the 

plant. Generally, the above problems, which were observed in the majority of the plant, might be 

hindering the efficiency of the gas production. 

Existing conditions of Digester Attached with Dome (Gas holder) 

The construction materials used to construct the base of the digester are bricks and concrete. 

Bricks joined with cement sand mortar are used to construct walls. The gasholder is the 

extension of the digester wall at spherical (dome) shape in the top. The final addition in outer 

exposed surface is given by the use of cement plastering or concerting. Waxing in the finished 

surface of cement sand plastering inside the dome is used as method to make the gas holder 

airtight. Combination of both brick and concrete makes the product costlier. Similarly, waxing 

involves a labor-intensive cumbersome effort, which needs to be replaced by simple and less 

labor-intensive methods like application of cement slurry and plastic emulsion paints as widely 

practice in Nepal (Madan et at., 2004). However, as the digester of all type and the dome of fixed 

dome plants are constructed underground, it was not possible to verify the quality of construction 

and compliance of the design at the field by direct observation. Efforts were made to collect 

information based up on interviews and observation on relative positions and final additions 

given to the plant. Based on this, the respondents reported that the base and walls of the digester 

of 49 (53.8%) plants were constructed from clay brick, 27 (29.7%) plants from stabilized cement 

brick, 9 (9.9%) plants from stone, and 4 (4.4%) plants from stabilized cement brick and stone. 
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Moreover, the result of survey revealed that among 91 biogas plants 24 (26.4%) plants were not 

in anaerobic condition, which means they have cracks either from the digester or from the dome. 

Plants were usually constructed at a higher or raised ground to avoid inundation during rainy 

season. Though some sort of stabilization or protection measures are adopted in majority of the 

biogas plants, some of the plants lack the provision and therefore, are at high risk to be exposed. 

The top or back filling of the dome serves duel functions; the first being a protective cover 

against external forces, which are exerted on the dome, and the second acting as insulation 

during cold season to maintain constant temperature inside the digester (Prakash, 2005). 

However, almost all institutional biogas plant users are not familiar to top filling or back filling 

over the dome for this purpose, even though the effect of low ambit temperature in Ethiopia for 

biogas production is almost insignificant. Based on direct observation during survey, the 

existence and cleanliness conditions of digesters and dome of 63 (69.2%) plants were very good, 

13 (14.3%) plants good, 13 (14.3) plants bad, 1 plant not exist, and one plant initially not 

installed. 

Existing conditions of Main Gas pipe and Turret 

Gas produced in digester and stored in the dome (gasholder) is conveyed to the pipeline through 

a main gas valve placed exactly at the center point of the dome. This main gas pipe is protected 

with a masonry block called ‘turret’ constructed to encircle the pipe. In the case of plants under 

study GI(galvanize iron) pipe for fixed dome plants and PVC for floating drum plants with 

diameter, ½ to 1 inch is used as main gas pipe. Almost in all cases, turret is constructed and 

therefore main gas pipe remains protected at high risk of damage from human and animal 

activities (Prakash, 2005). However, the outcome of the observation from the field visit indicated 

that the existence and cleanliness condition of main gas valve of 53 (58.2%) plants were very 

good, 15 (16.5%) plants good, 13 (14.3%) plants bad, 8 (8.8%) plants dismantled(or did not 

exist), and 2 (2.2%) plants initially did not install. This implies that the existence and cleanliness 

conditions of main gas valve and turret have a significant impact on the performance level of the 

plant. 
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Existing conditions of Outlet and Displacement Chamber of the biogas System  

The outlet system consists of an outlet opening known as manhole, a tank called outlet 

displacement chamber and outlet opening of suitable dimension at proper height in the outlet 

wall. The manhole is provided at a point diametrically opposite to the inlet pipe to avoid short-

circuiting of feeding. This opening serves a number of purposes: as a manhole or get for entry 

and exit of people during plant construction and maintenance, for emptying the digester for 

cleaning, for stirring the slurry using long pole or rod in case it forms flock (scum) in the top. 

Moreover, it also used to facilitate the outward movement of displaced slurry due to gas 

accumulation in gas holder and inward movement of slurry from displacement chamber at the 

time of gas utilization so that there would be sufficient pressure for the gas to reach the points of 

utilization (Madan et at., 2004). 

 

However, since most of the plants under this study were connected to the toilet and users are not 

familiar to the advantages of manhole in the outlet system, the above purposes of manhole were 

not utilized so far. In addition to this, since the outlet system is constructed underground and 

filled with effluent slurry, it is difficult to investigate whether they are constructed by good 

quality of workmanship or not. In spite of these, the result of observation from this survey 

indicated that the existence and cleanliness conditions of outlet system of the plant was found to 

be very good in 40 (44%) of institutions, good in 21 (23.1%) of institutions, and bad in 29 

(25.3%) of institutions. 

 

The main drawback observed at the field in some institutions is the absence of protective cover 

for the displacement chamber. For instance, the outlet chamber of Sheno prison camp biogas 

plant remains open, which facilitates accumulation of rainwater in the displacement tank. This 

added water impacts adversely to the water to feedstock ratio in the digester. Moreover, leaving 

outlet chamber uncovered increases the risk of failing children and animals in to the outlet 

chamber. This problem also results in the blockage of the outlet chamber and hence affects the 

performance of the biogas system. In most cases, it is also observed that outlet tank is 

constructed at a raised ground to avoid inundation during rainy season and creates outlet walls 

exposed over the ground. In such case, outlet walls were not supported with compact soils from 
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outside to counter-balance the slurry exerted from inside at the wall. This effect also results in 

crack or collapse to outlet walls. Under this study, 15 (16.5%) plants were cracked from outlet 

system of the plant. Thus, these observed problems from the outlet system might also take their 

part for the poor performance of the plant. 

 

Existing conditions of Effluent Slurry Pits (Composting pits) 

 

The slurry coming out of the outlet displacement chamber discharges in to the slurry pit. This pit 

is very important to safeguard and add the nutrient value of the slurry coming out of the biogas 

digester. The size of such composting pit should at least be equal to the volume of biogas 

digester. Two pits are preferable as it eases operation. The depth of pit should be kept minimal to 

avoid accidents (Prakash, 2005). 

 

In majority of the plants, compost pits were not constructed. Especially in Prison camps, the 

slurry coming out of the displacement chamber was either conveyed to the nearby watercourse 

(stream) or left to flow here and there. For instance, biogas plants in Mehalmeda, Kombolcha, 

Woldia, Desie, Addiszemen, and Finotselam prison camps, even though they were not 

functional, they simply discharge the effluent slurry to the nearby watercourses. This causes the 

downstream people vulnerable to water born diseases and bad smell to the surrounding 

settlements. However, some institutes, like Hotels, even though, they did not construct compost 

pits in order to add the nutrient value of the slurry coming out of the biogas digester, septic tanks 

were constructed to store the effluent slurry. 

 

Existing conditions of Pipeline and Fittings 

The gas conveyance system in a biogas plant usually consists of main gas valve placed at the top 

of dome. Immediately after the main gas pipe to control flow of gas to the point of application, a 

pipeline with required fittings, a water condensation system known as water trap or water drain, 

and gas taps to control flow of gas-to-gas stove are installed. Main gas valves were in use as per 

their availability in the local market. In majority of institutions, though main gas valve is one of 

the important components in biogas plant, users in the surveyed plants were not aware of such 
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importance. Majority of the users reported that these valves usually remain open all day long and 

were not operated regularly.  

 

One of the major drawbacks of pipe delivery system is the absence of water trap in the 

alignment. Out of 91 biogas plants visited, 46 (50.5%) plants were observed to have not installed 

water trap. However, the existence and cleanliness condition of water drain of 24 (26.4%) plants 

were very good, 9 (9.9%) plants good, 8 (8.8%) plants bad, and 4 (4.4%) plants dismantled or 

not exist. However, the existence and cleanliness conditions of pipeline and fittings, and users 

familiarity for the operation of these components have a significant effect on the performance of 

the biogas plant. 

 

Existing conditions of Gas Stove and Gas Lamps  

Except ten institutions, which use imported biogas stoves, locally manufactured gas stoves are in 

use. In most cases, these appliances were reported to be manufactured by Selam Vocational and 

Technical Training C and available in markets. However, five institutions manufactured the gas 

stoves by self. Different types of gas stoves were in operation. Stove burners were fitted in a 

metal frame. Problematic stoves were reported to be the main difficulty for the biogas users. 

Widespread damage of gas-regulating knob, heavy corrosion of the frame, clogging of burner 

holes, low-pressure yellow flame with less calorific value and bad smell due to leakage from 

stove fittings were observed to be the main problems. In addition to these because of lack of 

maintenance service provider, at least one or two of gas stoves were not functional during the 

visit. Non-availability of appropriate and efficient designs of biogas burners is a major constraint 

in biogas utilization. Efficiency of existing burners is not satisfactory. Also, because of low 

pressure, the distribution of gas to distant sites poses problems. The common types of biogas 

stoves installed in most institutions were ring, and plate. However, different types of imported 

stoves were also observed in some institutions. The numbers of gas stoves installed per plant 

were ranges from one to 13. The maximum number of stoves (i.e. 13 stoves) was observed at 

Degitu Hotel, Jimma. 

The outcome of survey also indicates that out of 91 institutions, biogas stoves of 47 (51.6%) 

institutions operate without defects, 19 (20.95%) institutions operate with minor defects, 13 
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(14.3%) institutions exist but defected and stop operating, 7 (7,7%) institutions were dismantled, 

and 5 (5.5%) institutions were not initially installed. 

 

Since almost all the biogas plants under study were located in electrified areas, the use of biogas 

lamps was limited to only 8 institutions, and the number of lamps in these institutions ranges 

from one to eight. However, they were not functional at the time of visit.  

 

4.4.2 Functional Status of Institutional biogas plants 

The main reasons for plants becoming non-functional are structural and operational problems, 

non-availability of cattle/dung, easy availability of other convenient fuels, chocking of 

inlet/outlet, corrosion/leakage in pipeline, scum formation in digester slurry and water 

accumulation in gas pipe. Some of the problems could have been rectified by the beneficiaries 

themselves, had they been trained properly about preventive maintenance (PEO, 2002). 

 

Based on the existing physical status and the effectiveness of management activities carried out, 

the functional status of biogas plants have been categorized in six performance levels as very 

good (functioning without defect), good (functioning with minor defects), fair (functioning with 

major defects), poor (defective and stopped functioning), abandoned (stopped functioning with 

or without defect), and under construction (i.e. construction/installation are not yet finished). 

The categorization has been made based upon the indicators (see details about indicators of 

functional status of biogas systems from Appendix C). 

 

The outcome of the study indicated that despite number of defects and weaknesses, the 

functional status of biogas plants on an average was satisfactory. Out of the 91 plants under 

study, 47 (51.6%) plants were functioning and the remaining 44 (48.4%) plants were not 

functioning (i.e. gas could not be utilized) at all during the time of field investigation. It is also 

found that out of 76 fixed dome plants, 43 (56.58%) plants were operational, however only four 

(26.67%) plants out of 15 floating drum plants operational. This shows that besides their 

distribution, the current operational statues of fixed dome plants are better than floating drum 

plants. 
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Figure 4.4 shows that out of the 91 plants under analysis,26 (28.6%) plants were Very good, 

operate without defect, 15 (16.5%) plants good, operate with minor defects, 6 (6.6%) plants fair, 

operate with major defects, 26 (28.6%) plants poor, stop operating, 11 (12.1%) plants never 

operate at all, 6 (6.6%) plants abandoned, and one plant was under construction. The following 

pie-chart illustrated the categorization of general condition and functional status of institutional 

biogas plants under study: 

 
Figure 4.4:  The categorization of general condition and functional status of institutional biogas 

plants. 

 

Out of the 44 non-operational plants, 26 plants 28.6% of the 91 plants were poor stopped 

functioning, 11 plants 12.1% of the 91 plants were never functioning at all, 6 plants 6.6% of the 

91 plants were abandoned(stopped functioning with or without defect) , and 1 plant was under 

construction.  

6.6% 

1.1%

12.1%

28.6% 

6.6% 

16.5% 

28.6% 

Abandoned

Under construction

Never functioning at 
all

Poor; stop 
functioning

Fair, functioning with 
major defects

Good; functioning 
with minor defects

Very good; 
functioning with out 
defect

Figure       Functional Status of Institutional Biogas Plants
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The reasons for varying functional status of biogas plants as reported by the respondents and 

observed during field visit were: a) Technical problems (i.e. Crack, Blockage, scum formation, 

stove damage, and lack of feedstock/water), b) Poor management (i.e. lack of interest/care and 

maintenance), c) Poor design, lay out and construction,  d) abandoned, and any of these 

combinations. Table 4.17 describes the interrelationship between types of problems and 

functional status of biogas plants. 

Table 4.17:- Interrelationship between types of problems and functional status of biogas 

plants 

 

 

 

 

 

Problems 

Functional status of the biogas plants/systems  

Total 

Very 

good  

good Fair Poor; 

stop 

operati

ng 

Never 

operat

e at all 

Under 

constr

uction 

Aband

oned 

 

 

 

 

No

. 

 

 

 

 

Percent 

 

Technical problems  
0 4 0 1 1 0 0 6 6.6% 

 

Management Problem 
0 6 1 3 1 0 0 11 12.1% 

Technical & 

management problems 
0 3 2 15 0 0 0 20 22.0% 

poor design, lay out and 

construction 
0 0 2 1 4 0 0 7 

 

7.7% 

 

Abandoned 
0 0 0 1 0 0 5 6 6.6% 

Technical & 

management problems, 

and poor design, layout 

and construction 

0 2 1 4 2 0 0 9 9.9% 

 

under construction 
0 0 0 0 0 1 0 1 1.1% 

 

Technical & Abandoned 
0 0 0 1 0 0 1 2 2.2% 

 

Not significant problem 
26 0 0 0 0 0 0 26 28.6% 

Poor management & 

Abandoned 
0 0 0 0 3 0 0 3 3.3% 

Total 

 
26 15 6 26 11 1 6 91 100% 
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Table 4.17 indicated that except 26 (28.6%) plants, which were functioning very well, and 5 

(5.5%) plants, abandoned by other reasons the other plants were caused by technical, 

management, and/or construction problems. The reasons for non-functionality of 15 plants were 

technical and management problems; four plants were technical, management, and construction 

problems; and of three plants was only due to management problem. The Community-Zero Sefer 

biogas plant, which is found in Kolfe keranio Addis Ababa is one of these stopped operating 

biogas plants. This plant is a bio latrine, which was constructed by Finland Embassy and 

intended to use the excreta as a source of energy to the 50 households who are using the latrine. 

There are four stoves and used it turn by turn. However, because of poor management, the plant 

is fed with non-biodegradable inputs like plastics and bones, which results in blockage and 

eventually the plant stopped operating. 

 

Of 11 plants, which never operate at all, the reason for 4 plants were poor design, lay out and 

construction, 3 plants were poor management and abandoned, 2 plants were management, 

technical, and construction problems while for the remaining 2 plants were either technical or 

management problem. For instance, the administrator of Fenoteselam Prison camp said that, 

because of the type of soil and poor workmanship there is a crack from the digester and the 

whole system. That is why the plant was not operational since it had been constructed. 

Moreover, of six abandoned plants, except one plant, which was also caused by technical 

problem, the reasons for the other five plants were different from technical, management, and 

construction problems, which could be perhaps due to project phase out and /or system changes. 

For instance, the biogas plant in Debretabor childcare center was abandoned simply due to the 

institution was ceased to serve children with in the compound. However, the plant in Chegel old 

and child care organization (Fiche), because of their high expectation to meet their energy 

demand from the biogas plant, and since it did not substitute their fuel wood consumption 

significantly; they lack interest to this technology. Due to this the plant is abandoned with minor 

technical problems and they are not interested to make it operational. In addition to these 

problems lack of skilled person to identify the problems and maintain the biogas system is the 

main constraint for the trouble- free functioning of the plants.  
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Total service year and functional status of biogas plants 

The outcome of the study also revealed that the total service year of 91 plants under analysis 

ranges from never operate at all (i.e. 0 year) up to 27 years. Table 4.18 shows the range of total 

service year under each category of functional status of biogas plants. 

 

Table 4.18` Range of total service years under each category of functional status 

 

Table 4.18 shows that the total service year of 29 plants ranged from 1 up to 3 years, 21 plants 

from 4 up to 6 years, 14 plants from 7 up to 9 years, 3 plants from 10 up to 12 years, 4 plants 

from 16 up to 20 years, 2 plants from 21 up to 27 years while 5 plans were less than 1 year. 

However, 12 plants of which one was under construction never operate at all. 

It is also indicated from Table 4.18, out of 26 poor, non-functional plants, the total service years 

before complete failure for 4 plants were less than 1 year, 12 plants 1 up to 3 years, 6 plants 4 up 

to 9 years, 3 plants 7 up to 15 years, and 1 plant 22 years. However, out of 26 plants, which were 

functioning very well (i.e. without defect), the total service years of 8 plants were ranged from 1 

up to 3 years, 14 plants from 4 up to 9 years, 2 plants from 10 up to 12 years, and 1 plant was 

 

Total 

service 

year 

 

 

Functional status of the biogas plants 

 

 

Total 

Very 

good 

Goo

d  Fair  

Poor; 

stop 

operating 

Never 

operate at 

all 

Under 

constr

uction 

Abando

ned 

 

 

No. 

 

 

Percen

t (%) 

0 year( 

never 

operate) 

0 0 0 0 11 1 0 12 13.2 

<1 year 1 0 0 4 0 0 0 5 5.5 

1 - 3 years 8 5 3 12 0 0 1 29 31.9 

4 - 6 years 7 5 2 6 0 0 1 21 23.1 

7 - 9 years 7 4 1 1 0 0 1 14 15.4 

10 -12 

years 
2 0 0 1 0 0 0 3 3.3 

13 - 15 

years 
0 0 0 1 0 0 0 1 1.1 

16 -20years 1 1 0 0 0 0 2 4 4.4 

21- 27years 0 0 0 1 0 0 1 2 2.2 

Total 26 15 6 26 11 1 6 91 100.0 
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between 16 and 20 years.  Even though, some plants failed after operating for more than 10 

years, there were also plants that functioning very well in the same range of service years. This 

shows that the total service year was not the reason for variation in the functional status of the 

plants under this study.  

 

Altitudes of the location and functional status of the plants 

It is known that the ambient temperature of the biogas plant is one of the factors, which affect the 

performance of the plant. At higher ambient temperatures, the performance of the plants 

increases whereas at low ambient temperatures the gas production of the plant decreased 

significantly. Since the ambient temperature of the biogas plant is inversely related to the altitude 

of the location, the altitude of the location of the plant has its own impact on the performance of 

the system. 

The altitude of the position of each biogas plants under this study were measured at the time of 

field investigation. The altitudes range from 1142m to 3051m while the average value is 2166m 

above mean sea level. Figure 4.5 shows the interrelationship between the altitude of the location 

of biogas system and the functional status of biogas plants. 

Figure 4.5 Interrelationship between the altitude of the location and functional status of biogas 

plants. 
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Scatter plots highlight the relationship between two or three quantitative variables by plotting the 

actual values along two or three axes. They often allow you to see relationships, such as a 

curvilinear pattern, that descriptive statistics do not reveal. 

 

From Fig.4.5 it is indicated that the varying in functional status of the biogas plants is not 

strongly governed by the difference in the altitudes of the location of plants.  In line with this, 

Getachew et al 2004 also reported that since Ethiopia is found in tropical region it’s the ambient 

temperature is suitable for biogas production. Thus, the difference in ambient temperature or in 

the altitude of the position of the plant might not be the reason for varying functional status of 

the plants. 

Size of plants and their functional status 

The following Scatter plot highlights the relationship between functional status of the plants and 

the size of the plants. 

 

 
 Figure 4.6   Interrelationship between the size of the plants and functional status of biogas 

plants. 

From Fig.4.6, it is indicated that the varying in functional statuses of the biogas plants are not 

strongly depend on the difference in the sizes of the plants. 
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In line with this, the correlation coefficient for Size of the Plant and its functional status is -

0.102, which is not relatively close to 1 or -1, indicates that Size of the digester and functional 

status of the plant are not strongly correlated in this study. Moreover, the significant level is 

0.338, which is greater than 0.05, indicates that Size and functional status are not significantly 

negatively correlated. However, even if the correlation between two variables is not significant, 

the variables may be correlated but the relationship is not linear. The following table shows the 

functional status of institutional biogas plants in the surveyed regional states. 

Table 4.19 Functional status of biogas plants in the surveyed regional state  

  

 

 

Regional state 

 

 

Performance level of the plant/system 

 

 

 

Total 
Very 

good 

Good Fair  Poor Never 

operate at 

all 

Under 

construc

tion 

Abandone

d 

Amhara 6 3 1 7 1 1 2 21 

Oromia 7 7 4 7 7 0 2 34 

SNNPR 3 0 0 3 2 0 1 9 

Addis Ababa 10 4 1 7 1 0 1 24 

Harari 0 1 0 2 0 0 0 3 

Total 26 15 6 26 11 1 6 91 

• Very good; operate without defect  

• Good; operate with minor defects 

• Fair; operate with major defects 

• Poor; stop operating 

 

It is indicated from table 4.19 that 10 (47.7%) plants in Amhara region, 18 (52.4%) plants; in 

Oromia region; 3 (33.3%) plants in SNNPR; 15 (62.6%) plants in Addis Ababa; and in Harari 

one plant out of 3 plants were functional at the time of visit. This might be because of their 

proximity to skilled human labor, practice, expertise, and information that 62.6% of biogas 

plants in Addis Ababa and 52.4% of plants in Oromia regions were functional; however, more 

than half of plants in other regions were not functional. The following table shows the functional 

status of biogas plants in the surveyed types of institutions. 
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Table 4.20 Functional status of biogas plants in the surveyed types of institutions  

 

 

 

 

Type of Institute 

  

Performance level of the plant/system  

 

Total Very good Good Fair Poor Never 

operate at 

all 

Under 

construc

tion 

Abando

ned 

School/College/U

niversity 

 

3 

 

1 

 

1 

 

10 

 

5 

 

1 

 

3 

 

24 

Prison 
         2 

 

1 

 

2 

 

9 

 

1 

 

0 

 

0 

 

15 

 

Hospital 

 

3 

 

1 

 

0 

 

1 

 

0 

 

0 

 

0 

 

5 

 

Community 

 

0 

 

0 

 

0 

 

1 

 

0 

 

0 

 

0 

 

1 

 

Farm 

 

6 

 

2 

 

0 

 

2 

 

1 

 

0 

 

0 

 

11 

 

Hotel 

 

5 

 

4 

 

2 

 

0 

 

1 

 

0 

 

0 

 

12 

 

Religious convent 

 

2 

 

0 

 

0 

 

1 

 

0 

 

0 

 

1 

 

4 

 

Orphanage camp 

 

0 

 

1 

 

1 

 

0 

 

2 

 

0 

 

0 

 

4 

 

Other 

 

5 

 

5 

 

0 

 

2 

 

0 

 

0 

 

2 

 

14 

 

Government 

Institute 

 

0 

 

0 

 

0 

 

0 

 

1 

 

0 

 

0 

 

1 

Total 

 

26 

 

15 

 

6 

 

26 

 

11 

 

1 

 

6 

 

91 

 

As shown in table 4.20, 19 (79%) of plants in School/College/University, and 10 (66.7%) of 

plants in Prisons were not functional at the time of visit. However, despite their difference in 
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degree of performance, 11 (91.7%) of plants in Hotels, 4 (80%) plants in Hospitals, 8 (72.7) 

plants in Farms, 50% of plants in Religious and Orphanage camps, and 10 (71.4%) of plants in 

other institutions were functioning at the time of visit. This might be in addition to technical and 

construction problems; there is high management problem in School/Colleges/University and 

Prisons than in Hotels, Hospitals, and other institutions. This poor management in the latter 

institutions might be either due to less demand for biogas or due to lack of the sense of 

ownership or responsibility.  

 

4.5 Satisfaction level of users and owners 

The most important factor to measure the success of any product or service is user satisfaction. 

User satisfaction is linked to the level of utility, comfort, and value received by the end-user. The 

more utility, comfort, and value a product provides, the higher the reported satisfaction of the 

end-user. 

 

The respondents were encouraged to evaluate the performance of their plants by putting various 

direct and indirect questions. Their responses have been analyzed carefully to conclude on 

whether the respective users’ were satisfied with the output from and impacts of their plants on 

them. The users’ satisfaction levels were categorized in six different headings viz. excellent, very 

good, good, satisfactory, not happy, and unknown. The varying satisfaction level of users were 

reported on the basis of: a) Enough gas for cooking, b) Easy cooking, c) Nutrient fertilizer, d) 

Economic benefit, e) Health benefit, f) Environmental benefits, g) Trouble free functioning of 

plant, h) Time saving, and i) Workload reduction.  

 

On being asked if they were satisfied with the functioning of their biogas plants, and analyzed 

based on the above reasons, the satisfaction level of 35 (38.5%) respondents were excellent, 23 

(25.3%) respondents very good, 8 (8.8%) respondents good, 2 (2.2%) respondents satisfactory, 

21 (23.1%) respondents not happy, and 2 (2.2%) respondents unknown.  Figure 4.7 shows the 

satisfaction level of users on the out put and impacts of their biogas plants. 
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__ 

Figure 4.7   Satisfaction levels of users or owners 

 

 

 

The possible reasons for not satisfying users were any or the combination of: a) Poor design and 

quality of construction, b) No or shortage of gas production from the plant, c) Often encounter 

technical problems, d) Not enough gas e) Non-availability of maintenance services, and etc. 

It was attempted to examine if there was any correlation between the functional status of biogas 

plant and the level of users’ satisfaction as responded by them. The results of analysis have been 

illustrated in Table 4.21. 
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Table 4.21 Interrelationship between functional status of the biogas plants and Satisfaction level 

of users and owners 

 

 

Functional status 

Satisfaction level of users and owners  

 

Total 
Excellent Very 

good 

Good Satisfacto

ry 

Not 

happy 

Unknown 

Very good 20 6 0 0 0 0 26 

Good 6 7 2 0 0 0 15 

Fair 1 0 3 0 2 0 6 

Poor 3 9 3 2 9 0 26 

Never operate at all 0 0 0 0 10 1 11 

Under construction 
 

0 
0 0 0 0 1 1 

Abandoned 5 1 0 0 0 0 6 

Total 

 
35 23 8 2 21 2 91 

 

 

It is clear from Table 4.21 that users directly relate their level of satisfaction with the functional 

status of the plant. 20 out of the 26 plants that were functioning very well responded that their 

satisfaction level is excellent. Interestingly, one of the users of those 6 plants operating with 

major defects, and 3 of the users of those 26 plants stopped operating responded that they are 

excellently satisfied with the performance of the plant despite their malfunctioning. In addition to 

these, out of 26 plants that are poor stopped operating, the user’s satisfaction levels of nine are 

very good, and three are good. It is because of the realization of the users that the plants are not 

functioning for the reason that they have not managed the plant well, and /or because of technical 

and construction problems. 

 

Wim, et al., (2007), said that in making a decision to install a biogas plant, one must realize that 

the system will require continuous monitoring and routine maintenance and repair that should 

not be underestimated. The majority of digester failures over the past few decades were the result 

of management problems, not technological problems. All the problems of a biogas plant can be 

minimized or removed completely with a good design and proper operation and management.  
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The user surveys have also indicated that the neighbors of some biogas users are very impressed 

with the benefits of biogas systems and as a result are interested in obtaining biogas systems for 

their own use. An important reason for user satisfaction is the high reliability of the biogas 

systems. Some owners that reported problems or failures of components in their systems also 

stated they wanted the problems repaired, and those owners that their systems stopped 

functioning at all also interested and showed willingness for other biogas system installation. 

These also indicated their general satisfaction with the biogas system as a whole. Figure 4.8 

indicates the interrelationship between the functional status of biogas plants and users 

satisfaction. 

 
Figure 4.8 Interrelationship between the functional status of biogas plants and users   satisfaction. 

 

This Scatter plot highlights the relationship between performance/functional level and 

satisfaction level of users/owners. As performance level of the plant decreases, satisfaction level 

of users and owners decreases. And as performance level of the plant/system increases, 

satisfaction level of users and owners also increases. However, this relation is not linear, 

because, there are also plants, which were stopped operating and abandoned but have had high 

satisfaction level by users. In line with this, the correlation coefficient for Functional status and 

Satisfaction level is 0.486. Since 0.486 is not relatively close to 1 or -1 this indicates that 
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Functional status and Satisfaction level are not strongly correlated. However, the significance 

level or p-value is 0.000, which indicates a very low significance. This small significance level 

indicates that Functional status and Satisfaction level are significantly positively correlated.  

 

 

Box.1       Opinion of a hotel owner: 

“The comfort and values that we experienced from using the biogas plant in our hotel in 

terms of cooking efficiency, time saving, cleanliness, very low operational cost, and the 

like makes it a chosen source of energy. It meets almost 65% of our energy demand for 

cooking in the hotel. But, I am glad if I get some sort of mechanism to fill it in cylinder and 

use it in our separate house.” Ato Aregay Abereham. 

 

                     Opinion of KTSC manager 

      “We are very much satisfied from the benefits of this biogas system, because the biogas 

from this plant meets almost 90% of the energy demand for cooking in our institution. In 

addition to this, it also provides us good organic fertilizer for our plantation.” Ato Tadesse    

. 

 Opinion of Home economist from Desie Hospital 

          “Even though, the energy from biogas did not totally substitute our fuel wood 

consumption, the biogas system provides us a good means of waste  management and 

makes the environment clean.”  W/o Sintayehu Tamene. 

  

 

 

 

 

4.6 The impact of the use of biogas technology on public institutions 

a) Utilization of biogas: 

The outcome of the study indicated that the main application of biogas plants was for cooking. 

Cooking particularly of wot (sauce for injerra), coffee, tea, and boiling hot water. Biogas was 

used for cooking purpose in 86 (94.5%).of the institutions. Gas stove of different types were 

installed in most institutions. Stoves were of local (no-brand) origin, manufactured by Selam in 

Addis Ababa, or imported from India (or china). Biogas lamps were installed only in 8 (8.8%) 

institutions in addition to stoves. However, lamps were not in use at the time of field 

investigation because of technical defects and other reasons. 
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Total burning hours of stoves in the surveyed institutions were ranged from 1 to 133 

hours/plant/day while the average burning hours was of 16 hours/plant/day. In addition to using 

biogas for cooking, eight institutions used it for lighting, and nine institutions used it for other 

purposes, like for teaching, milk processing, and for milling and water pump using dual engine 

generator, which operates 80% by biogas. Thus the total time for lighting were ranged from 0.5 

to 96 hours/plant/day and for other purposes from 0.5 to 72 hours/plant/day with an average of 

16.5 and 22 hours/plant/day respectively. 

 

The outcome of the study also revealed that institutional biogas is mostly used for cooking and 

the operating hours and number of stoves varies from institution to institution. The maximum 

total hours of biogas consumption were in Farm and Hotel institutions, which ranged from 1 to 

181 hours/plant/day and from 1 to 104 hours/plant/day respectively. However, in Prisons the 

total hours of biogas consumption were ranged from 1 to 30 hours/plant/day while in the rest 

institutions from1 to 50 hours/plant/day. This might be because of relatively poor management 

and lack of biogas worker or responsible person to operate the system, the effectiveness of the 

plants in Prisons and other institutions is less than in Farms and Hotels. On the other hand, the 

availability of other alternative sources of energy like electricity, and other improved stoves 

might cause other institutions less demand for biogas energy than Farm and Hotel institutions. 

 

b) Impacts on time savings 

The substitution of traditional stoves and the kerosene stoves by the biogas stoves will increase 

the cooking efficiency since the biogas stoves have a higher efficiency of combustion than the 

traditional biomass stoves and the fossil fuel stoves (Madan, et al., 2004). Hence, the substitution 

of the latter by the biogas stoves can be taken as a positive indicator of cooking efficiency and 

hence time saving. 

 

The finding of the field investigation indicated that biogas plants have positive impact on 

reduction of time for cooking meals in majority of institutions. In addition to its reduction of 

time for cooking meals, users also have experienced a significant duration of time saving to clean 

cooking vessels in the absence of black soot that used to be a major problem with the vessels 
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used to cook food with fuel wood. Users also feel the difference in allocated time before and 

after the installation of biogas plants for kitchen waste disposal. They were not benefited only 

from the time saved from the disposal of kitchen waste, but also from the savings from the cost 

of waste disposal. . 

  

In majority of institutions, biogas was used as a supplementary source of energy. Thus, it is 

difficult to know the amount of time saved per day after the installation of biogas plant. 

However, up on being asked is there any impact on timesaving’s after they installed biogas plant, 

61 (67%) of the respondents replied positive and 3 (3.3 %) of the respondents replied negative, 

and 27 (29.7%) of the respondents did not know or realized its impact on time savings. In those 

institutions where biogas was used as a supplementary source of energy for fuel wood with 

traditional stoves, respondents replied it has a positive impact on time saving’s, whereas for 

those who used biogas as a supplementary for electric energy and other improved stoves, 

respondents said it has a negative impact on time saving’s during cooking meals. 

 

Gas was reported to be insufficient in some of institutions, which were functioning at the time of 

visit. When asked about the reasons for lesser gas production, the respondents felt that it was 

under fed plant, defective construction and technical failures, lack of timely repair and 

maintenance work, less gas production during cold/rainy seasons, and combination of any of the 

above. However, some of the respondents replied they do not know the reason. 

 

c) Impact of Biogas on Health and Sanitation 

 

According to the study conducted by SNV/BSP in Nepal, there was significant improvement in 

the smoke-born diseases such as eye illness, eye burn, respiratory problem, headache, and 

diahorrea because of cooking with biogas. Cooking with clean and odorless flame of biogas 

enabled to reduce in-house pollution caused due to the smell of kerosene or smoke of firewood 

burning (Mathew, et al., 2005). There is 20 to 50 percent decrease in respiratory diseases, cough, 

headache, and eye infection because of biogas installation. About 75 percent users have reported 

a decreased visit to health posts for minor health problems after biogas installation. On the other 

hand, around 20 percent of respondents said that they did not notice any change in this respect 

due to biogas installation.  
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The installation of biogas plant has shown to influence the household/institution towards keeping 

a clean and smoke free environment. Furthermore, connection of toilet and kitchen wastes to the 

biogas plant have been conducive in improving hygienic conditions, and would automatically 

lead to better health and sanitation among the users. 

 

It is in the above context that biogas users’ viewpoints were sought in view of exploring their 

perception regarding the degree of reduction in the amount of kitchen smoke, and observed 

impacts on health and sanitation condition of the institute after biogas plants. Based on this 

47.3% respondents perceived a remarkable decrease in kitchen smoke and realized its positive 

impact on health and sanitation after they have had the biogas plant. However, 3.2% respondents 

did not find any reduction for smoke even after biogas installation rather they realized its 

negative impact on health and sanitation, while the rest 49.5% did not realized the reduction in 

smoke and its positive or negative impact on health and sanitation (Figure 4.9). 

 

 

 

 

 

 

 

 

 

 

Figure 4.9 Observed health impact after biogas plant installed 

 

 

The negative and unknown impacts may be attributed to either some technical defects in the 

plants or insufficiency of gas produced due to which they were compelled to use other sources of 

smoke producing fuels such as charcoal, firewood, other agricultural residues, etc. In addition to 

these it was observed that in some institutions where the biogas plant stopped operating or never 

operate at all, for instance in Desie, Woldia, Kombolcha, Mehalemeda and other prison camps, 

the output slurry was not well managed, it simply discharged to anywhere and to the nearby 
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water sources. This causes the biogas plant to have a negative impact on health and sanitation to 

the people in the institution and people living around there. 

 

d) Impact on Use of Bio-slurry 

Biogas slurry when composed, stored, handled, and applied properly is considered to be of high 

nutrient value. The sludge resulted after digestion is rich in basic nutrients such as nitrogen, 

phosphorus potassium and can be used as high quality fertilizer, so there is no waste in biogas 

technologies, (Marchaim, 1992). 

 

 It is well-recognized fact that the economic benefit of biogas technology is greatly increased if 

the slurry by-product is used effectively on farms. Chemical fertilizers are imported in Ethiopia. 

They are expensive and at times, are not available. On the other hand, slurry as a by-product of 

the anaerobic digestion process can locally be produced and used to increase soil fertility. 

However, the field investigation process revealed that there was less awareness among the 

institutions pertaining to the utilization of bio-slurry as fertilizer. This aspect appears to be 

neglected. 

The outcome of the study indicated that out of 91 biogas users under this study 29.7% have been 

used the output slurry as fertilizer for own use, 2.2% sold it for money 4.4% used it for own use 

and offered it for others while 63.7% did not use it at all as fertilizer. Table 4.22 shows 

utilization of output slurry as fertilizer by institutional biogas users. 

 

Table 4.22 Effluent slurry used as fertilizer by biogas users 

 

 

 

 

Slurry use No. of plants Percent 

Yes, own use 27 29.7 

Yes, sold for money 1 1.1 

Yes, offered to others 1 1.1 

Yes own use and sold for money by composting 1 1.1 

Yes, own use & offered to others 3 3.3 

No, no used as fertilizer 58 63.7 

Total 91 100.0 
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In most countries where biogas plants were constructed, the effluent was used as a fertilizer. The 

use of the effluent was extensively studied by institutes in the Republic of China, and they found 

chemical changes in the organic substances during fermentation. According to studies in Sichuan 

Province, the nutrient contents of the effluent increased yields by 6 - 10%, regardless of kinds of 

soil; groups in other parts of the world have reported the same results. In long-term experiments, 

it was shown that the chemical and physical properties of the soil were improved markedly, after 

a few years of applying digester effluent, while total yields of several crops were 11 - 20% 

higher than controls (Marchaim, 1992). 

 

However, Table 4.23 indicated that besides other factors like lack of space for composting, and 

lack of means of handling and transporting the slurry to farms, the biogas plant owners pay more 

attention towards gas production and neglect the slurry utilization aspect. Yet, agriculturists and 

biogas promoters have not carried out sufficient demonstrations and experiments to convince the 

biogas users about the added benefits of slurry as an organic fertilizer compared to Farm Yard 

Manure. 

 

However, Alemayehu Zeleke, (2004) reported that, prior to the construction of biogas plants; the 

Alema farm at Debrezeit was using artificial fertilizer for the production of vegetable and the 

flower farms. The average application of artificial fertilizer per ha was about 5 quintal, and the 

cost of fertilizer per quintal was 30 €. That means the farms have saved nearly about two 

hundred quintal of artificial fertilizer per one harvest season. The saving in terms of money not 

considering the other factors is 6,000 € per harvest only considering the 20 ha of field. However, 

this saving is not the real saving because for handling and transportation are not considered here. 

The demand for artificial fertilizer is completely replaced by the slurry from the digester. In 

addition the allocation of budget to dump the wastes away from the farm has been cut.  
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CHAPTER FIVE 

 

5 Conclusion and Recommendation 

5.1 Conclusion 

At the beginning of almost these three decades, only Schools/Colleges/Universities were 

interested in biogas system installations for cooking and for the sake of demonstration/teaching. 

Thereafter, Prisons, Hotels, hospitals, and missionaries (religious institutions) have been 

interested in biogas system installation due to their high consumption of the fuel wood, 

sanitations, and environmental problems including bad smell. 

 

The general outcome of this study suggested that the distribution of biogas technology in 

Ethiopia relative to its demand and potential is insignificant. As the study indicates, during the 

27-year period, covering 1974 to 2001 E.C, the total number of institutional biogas plants in the 

selected five regions (i.e. Amhara, Addis Ababa, Oromia, SNNPR, and Harari) was 91. Out of 

these, 24 in schools/ colleges/universities, 15 in prisons, 5 in hospitals, 11in farms, 12 in hotels, 8 

in religious convent and orphanage camps, 14 in other institution, and 2 in community and other 

government institution are installed. Even though, the distribution of biogas technology in 

Ethiopia so far is not significant, now it is time to get started. 

 

The most important application or purpose for the installation of biogas plants in 86 (94.5%) 

institutions were for cooking as a substitute for fuel wood and conventional energy sources. Of 

these, 59(64.8%) institutions used only for cooking, 6 (6.6%) for cooking and lighting, 7(7.7 %) 

for cooking and agricultural fertilizer, 11 (12.1%) for cooking and waste stabilization, 3 (3.3%) 

for cooking, fertilizer and waste stabilization, and others like for teaching/ demonstration 

purposes. However, 5 (5.5%) institutions installed biogas plants for the purpose of teaching or 

demonstration only. 
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Of the 91 institutional biogas plants visited and analyzed during the study, 76 (83.5%), were of 

the “fixed dome” design adopted from Chinese, CAMARTEC, Deenbandhu, and other models of 

biogas plants with slight modification, and 15 (16.5) of the “floating drum” design. Since “fixed 

dome” type of plant can be constructed at the site with locally available materials excluding 

cement, the design has become popular.  

 

 The sizes of the plants (i.e. size of digester plus size of the gasholder / dome) under this study 

were ranged from 13.6 m³ to 350 m³according to quantity of feeding materials available, size of 

people in each institution, and purpose of the plant. In 16 institutions a plant of 100m
3
 and in 8 

institutions a plant of 150 m³ for each was constructed. Plants of size, 13.6 m³ to 200 m³ in 

Schools, Collages, and Universities, 65 m³ to 100 m³ in Prisons, 56 m³ to 120 m³ in Hospitals, 16 

m³ to 100 m³ in Hotels, 25 m³ to 350 m³ in Farms, and 16 m³ to 150 m³ in other Government 

institution, Religious convent, Orphanage camps, and others were installed. 

Even though, there are a number of defects and weaknesses, the functional status of biogas plants 

on average was satisfactory. However, there are lots of rooms for further improvement. In 

general, out of the 91 plants under study, 47 (51.6%) plants were functioning and the remaining 

44 (48.4%) plants were not functioning (i.e. gas could not be utilized) at all during the time of 

field investigation. Out of the 91 plants under analysis, 26 (28.6%) plants were Very good 

(operate without defect), 15 (16.5%) plants good (operate with minor defects), 6 (6.6%) plants 

fair (operate with major defects), 26 (28.6%) plants poor (stopped operating), 11 (12.1%) plants 

never operate at all, 6 (6.6%) plants abandoned, and one plant was under construction. In 

addition, 19 (79%) of plants in School/College/University, and 10 (66.7%) of plants in Prisons 

were not functional at the time of visit. However, despite their difference in degree of 

performance, 11 (91.7%) of plants in Hotels, 4 (80%) plants in Hospitals, 8 (72.7%) plants in 

Farms, 50% of plants in Religious and Orphanage camps, and 10 (71.4%) of plants in other 

institutions were functioning at the time of visit. This might be besides technical and 

construction problems; there is high management problem in School/Colleges/University and 

Prisons than in Hotels, Hospitals, and other institutions. This poor management in the former 

institutions might be either due to less demand for biogas or due to lack of the sense of 

ownership or responsibility.  
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The performance of institutional biogas system is highly related on one hand to the commitment 

and support of the institution managers and on the other hand to the skills of internal operators 

and the technical and maintenance support availed for each institution.. Timely repair and 

maintenance help biogas plants to function effectively for a longer duration. The plant owners in 

most of the cases are not able to carry out required maintenance of all defective parts on time due 

to technician and financial constraints. It is obvious that early failure of biogas plant results 

adversely in the future extension program and business of service providers too. All these 

necessitate effective post-construction services so that the efficiency, sustainability, and 

functional status of the plants are guaranteed. Generally, one thing is sure, the more intensive 

management to the biogas system, the more benefits you get. 
 

 

5.2  Recommendations 

 

The biogas potential in the country is certainly much more than what is referred in the context of 

Family Type Biogas plants. Through technological improvement and considering the availability 

of other biomasses and waste material at institutional level, it would be possible to raise the 

potential of biogas. No doubt, the acceptability to use family-type biogas plants need to be raised 

from its current level substantially. However, a wide-ranging strategy needs to be devised to 

realize the biogas potential at institutional level also. 

In general, the outcome of the study indicated that there are certain issues that need special 

considerations for speedy promotion and extension of biogas technology in Ethiopia. Thus, the 

following points are recommended.  

• Short term training sessions should be conducted in order to equip internal technicians to 

solve minor technical problems, which can damage the whole biogas system; and equally 

important biogas user’s manuals should be produced and given to the institutions. 
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• It is also recommended that the initial phase of the biogas program in Ethiopia include 

interventions to repair and maintain the already existing plants in different parts of the 

country. Such actions to retain and sustain the serviceability of the non-functional plants 

will be instrumental in getting appreciations from the users, which in turn will be 

beneficial for speedy promotion and extension of the biogas technology. 

 

• To assure the dissemination of institutional biogas plants and sustainability of biogas 

program in Ethiopia; Mobilization and sensitization should be done in all potential 

institutions on the advantages of the usage in terms of money and environmental 

conservation, reduction of firewood, quality organic fertilizer, and waste management 

from biogas systems. 

 

• There should be a training and regulation for the companies and private contractors that 

want to specialize in biogas installation to ensure the quality and the success of the biogas 

technology as a whole. 

 

• The private constructors should be licensed and provided with a clear-cut mandate to 

participate in biogas installation programs. In addition, their works have to be supervised 

whether they assured the quality of installation or not. 

 

• The implementation strategy of private contractors and companies should incorporate the 

strategies on after-sale-services and maintenance provisions as major tool to preserve the 

interest of the users and safeguard the fate of the plant against any further deterioration. 

 

• Biogas Companies should construct plants as per quality standards, which means use of 

quality appliances and construction materials, and also should provide guarantee on both 

appliances and structures. 
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• Need for standardization. A growing number of problematic plants are often the cause of 

discouraging people from setting up plants. However, malfunctioning of the majority of 

the plants is not always due to the inherent technical problems, but it might be the use of 

inferior quality materials for the construction of the plants, and poor design and 

construction. Thus, the quality control mechanism from concerned bodies needs 

strictness. 

• Need for financial assistance. To make investment in biogas plants more attractive, 

financial incentives have to be provided, as subsidies and loans, by the national and 

regional governments, financial institutions, rural development, and voluntary agencies. 

 

• It is a also highly recommended that scientific researches on overall biogas production 

improving ways suiting to Ethiopian conditions must be made by concerned government 

institutions and related research centers. Similarly, technological studies for obtaining 

cheap cost materials to be effectively used in construction of the plant. 

 

• The non-availability of appropriate and efficient designs of biogas burners is a major 

constraint in biogas utilization. Efficiency of existing burners in majority of institutions is 

not very satisfactory. Thus, it is also recommended the need of approved government 

laboratories for testing biogas appliances that lead to reduce utilization of defective 

devices and to investigate the means of improvement of traditional fire wood stoves to 

biogas stoves for backing ‘injera’ too. 
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Appendix-A  

Routes identified for assessment 
 

Route_1 

Addis Ababa   Debrebirhan  Mehalemeda  Kombolcha  

Dasie Woldeya Mersa  Woldeya Nefasmewcha 

 DebretablrWoreta  Addis Zemen  Woreta  Bahirdar

 Dangila  

Finoteselam  Debremarkos  Dejen  Fitche  Addis Ababa 

Route_2 

 Addis Ababa   Ambo  Nekemt Gimbi 

 AssosaNekemtBeddele Metu  Gore  Beddele Agaro 

 Jimma  BongaJimma  Wolkite Addis Ababa  

Route_3 

Addis Ababa   Ziway  Butajira Hosaina SodoArbaminchSodo 

 Alaba  Shashemene  Awasa  Dilla ShashemeneDodola 

 Goba  Dodola Asela  Nazreth Addis Ababa  

Route_4 

 Sub Route 4.1 

  Within and Around Addis Ababa 

 Sub Route 4.2 

 Addis Ababa   Nazreth Awash  Mieso  Asebeterferi 

chelenko Kulubi  Diredawa Alemaya Harer  Babile 

Jijiga  Addis Ababa  

 

 

* Remark: Any data collector will gather data along his way even though it is not mentioned 

in the above specified cities/towns 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix B 

 

QUESTIONAIRE FOR NATIONAL SURVEY ON CURRENT STATUS OF 

INSTITUTIONAL BIOGAS PANTS IN ETHIOPIA 

1. Enumerator detail 

Name of data collector  

Date of interview  

Route number  

Name of data entry agent  

Name of data compiler  

Date of data entry  

 

2. Institution and location-Basic data 

1 Institution/org./ name   

2 Name of Interviewee   

3 Title/position of Interviewee   

4 Sex Female                         Male 

5 Institution 

type/please 

select 

1. School/college/university (religious convent)  

2. Prison  

3. Hospital   

4. Community  

5. Individual household  

6. Farm  

7. Hotel  

8. Other(specify/write down)  

6 Location GPS data  

(Coordinates) 

Latitude _______
o
,_______’,______” 

Longitude _______
 o

,_______’.______” 

Altitude m  

Region  

Zone  

Wereda  

Kebele  

Name of Place   

7 Address P.O.Box  

E-mail  

Website  

Telephone  

Fax  

 

 



 

8 Contact person Name  

Position/title  

Telephone 

Cell phone 

 

E-mail Address  

 

3. Construction 

1 Date of construction  

2 Application/purpose for 

Biogas System 

installation(please tick) 

Cooking  

Lighting  

Power generation  

Agricultural Fertilizer  

Others (specify)  

3 Size of Plant(m
3
)  

 Size of digester(m
3
)  

 Size of dome/Drum(m
3
)  

4 Who constructed the 

system? 

a, Name:…………………….. 

b, Address: …………………… 

c, contact Name: ……… 

 Who provided the 

appliances? 

a. Main Valve 

b. Gas Tap 

c. Gas Valve 

d. Stove 

e. Water Tap 

5 Estimated total cost in 

ETB 

 

6 Who paid for the 

project/plant? 

(Source and amount) 

Any other information on 

this please record 

Source Amount (Br) % 

Institutions self 

investment 

  

Government   

Donor    

Total   

7 Type of digester 

(select please) 

1. Fixed dome Chinese Deenban

dhu 

CAMA

RTEC 

Others/spe

cify 

2. Floating dome Straight Tapered 

 3. Others (specify)  

 

 

 

 

 



 

8 Construction materials 1. Brick  

2. Stabilized cement brick  

3.  Clay brick  

4. Stone  

5. Other/specify please  

9 Gas pipes 1.  GI  

2.  PVC  

3.  neoprene  

4.  PPR  

5. Other/specify  

10 Diameter of main gas 

outlet(m) 

 

12 Type of appliances used Stove No of Stoves Type of Stoves 

Lamp   

 

4. Technical and operational data 

1 Anaerobic condition 1. Yes 1. No 

Leakage from dome 1. Yes 1. No 

PH value ---testing the 

slurry 

 

2 Types of feed material 1. Cattle dung (Kg) 

2. Kitchen waste (Kg) 

3. Human waste (Kg) 

4. Others (Kg) 

3 How is the availability 

and source of feed 

material? 

From the institute From out side of the institute 

Yes No Collected Purchased 

Type Amoun

t 
 Yes No Yes No 

Number of cattle  
Number of 

chicken 
 

Number of 

people 
 {amount 

in Kg) 
 (Amount 

in Kg) 
 

Number of 

kitchen users 
 

Others  

4 Who is responsible for:

   

  

Feeding   

Main gas valve operating   

Water drain operating   

Cooking/lighting/others  

Applying Manure  



 Does s/he get incentives 

for the operation of the 

digester?  

1. Yes 2. No If yes, how much? 

4 Feed material 

availability/day 

Available Qnty Purchase Qnty 

1. Yes 2. No 1. Yes 2. No 

1. Cattle dung (Kg)       

2. Kitchen waste (Kg)       

3. Human waste (Kg)       

4. Others (Kg)       

5 Temperature(
0
C) Ambient  

Inside digester  

6 PH Slurry 

8 Gas pressure   

Water column(cm)  

9 Agitation Digester 1. Yes 2. No 

Feed + water (mixing pit) 1. Yes 2. No 

10 Loading Interval 

(tick) 

1. daily 2. alternate 3. weekly 4. Batch Others 

(specify) 

     

11 Quantity of 

feed(kg) 

1. daily 2. alternate 3. weekly 4. Batch Others 

(specify) 

Animal dung      

Kitchen waste      

Toilet      

 

 

12 What is theExistence/condition and 

cleanliness of the biogas system 

components(please tick) 

 

 

Yes 

 

 

 

No  

Very good 

 

Good 

 

Bad 

 Inlet + mixer     

Outlet+ compensation chamber     

digester     

dome     

Stirrer(digester)     

Water drain     

Gas flow meter     

Pressure gauge     

Gas pipe(diameter)     

Main gas valve     



Hose pipe     

Stoves/bulbs/appliances     

13 What are the uses/purposes of biogas and 

the time of use per day? (please tick and 

fill) 

 

 

 

Purpose 

 

 

Time in 

Hrs/day 

Cooking  

Lighting  

Electricity  

Milk Processing  

Other/specify  

Hours used/day  

14 Gas Consumption Breakfast Lunch Snack Dinner 

Meals cooked/day (tick)     

Number of people served     

 Number of hours of using 

biogas for cooking/day 

    

No of bulbs  

Number of hours of using 

biogas for lighting/day 

Morning Eveni

ng 

For others  

 

 

15  What are 

the energy 

consumpti

on 

patterns 

before and 

after the 

biogas 

plant is 

installed? 

Type of fuels 

 

Quantity Used Expenditure 

Before After Before After 

Biogas (hr)     

Fuel wood (kg)     

Kerosene (L)     

LPG (cylinder)     

Electricity (KWh)     

Dung cake (kg)     

Charcoal(kg)     

 

16 What is the use 

of the effluent 

slurry and its 

condition? 

Used as fertilizer 1. Yes 2. No 

Own use  1. Yes 2. No 

Sold for money  1. Yes 2. No 

Offered to others  1. Yes 2. No 

Bad smell 1. Yes 2. No 

Flow properly 1. Yes 2. No 

Solid/thick 1. Yes 2. No 

 

 



17 Is there income 

from the Biogas? 

Yes Activity Quantity Amount Earned 

Sale of biogas   

Sale of 

electricity 

  

Sale of slurry   

No 

18 What are the 

problems faced 

with operating 

the system? 

Type Frequency/period 

  

  

  

  

19 Is there any 

Maintenance for 

these 

components 

before? 

Items Frequency of Maintenance/period 

Main gas valve  

Water drain  

Gas valve  

Appliances  

 

 

20 If the plant is non-operational 

what are the possible causes for 

the failure? 

 

crack 1. digester yes no 

2. Inlet chamber yes no 

3. Inlet pipe   

4. dome yes no 

5. Gas pipe yes no 

6. Outlet yes no 

7. Others yes no 

blockage 1. Inlet yes no 

2. Digester yes no 

3. Outlet yes no 

4. Gas pipe yes no 

5. Water trap yes no 

6. overflow yes no 

Stove damaged  Yes No 

Scum formation  Yes No 

Lack of interest  Yes No 

Lack of water for dilution Yes No 

Lack of feed materials Yes No 

Others(specify please)  

21 What are the 

observed 

impacts after 

the biogas 

plant has been 

installed? 

(please tick) 

Impact  1. Positive 2. Negative Unknown 

health    

Health expenses    

income    

Time saving    

Others specify    



Interest/willingness of institute for installation  1. Positive 2. Negative 

Ready to Pay for new system? 1 Yes 2 No 

Remarks of owners and users   

Others   

22 What is the 

users 

Satisfaction? 

(tick) 

Excellent Very Good Good Satisfactory Not happy 

     

 

Opinion/Suggestions 

• Technical 

• Financial 

• Management 

• Operation 

• Repair/maintenance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix C 

 Table    : Indicators for categorization of Functional Status of biogas plants 

 

Category of 

Biogas 

plants 

performanc

e 

Indicators Name of institute 

Very good 

(functioning 

without 

defect) 

•••• All the plant-components 

are constructed with good 

workmanship complying 

with the basic minimum 

quality standards; 

•••• All the plant components 

are operational without 

any technical problem; 

•••• Location and relative 

orientation of plant 

components meet the basic 

minimum standards of site 

lay-out; 

•••• Location of plant is 

managed in such a way 

that it is at reasonable 

distances from kitchen 

(point of gas application), 

water source, toilet 

attached, and main access 

ways; 

•••• There is no any 

management problem. 

 

•••• Akaki Animal feed plant PlC 

•••• Alema Farm Debrezeit 

•••• Aregash Lodge (2 Biogas plants) 

•••• BahirDar Hospital 

•••• Bethel Hospital 

•••• Biofarm(2 Biogas plants) 

•••• BishanJilba Community 

Development 

•••• Center for mentlchallagedchildren 

•••• Debre Ararat Emanuel Gedam, 

Koteba 

•••• Degitu Hotel, Jimma 

•••• Genesis Farm Ethiopia 

•••• Getesemanibetdengletebebatgedam 

•••• Hiwotfarm Bole Bulbul 

•••• Kality Prison Administration 

•••• Kombolcha Textile Shear Campany 

•••• Luna Export Slaughter 

•••• Markose Hospital 

•••• Markose prison Camp 

•••• Missionary of Charity,Jimma[Setto] 

•••• Selam Children Village 

•••• SelamTech&voc College1 

••••      SelamTech&VocColleg-2 

•••• Shuferoch Hotel Jeveweha 

•••• Tadele Hotel 

Good 

(functioning 

with minor 

defects) 

• All the plant components 

are constructed with good 

workmanship complying 

with the basic minimum 

quality standards; 

• Most of the plant-

components are 

operational without any 

technical problems; 

• Location and relative 

orientation of plant 

• AAU Science Faculty 

• AlemaFarm2 

• Arsi Outreach Church 

• Bahirdar hotel (Fiche) 

• Biofarm-2 

• Dasie Hospital 

• Debretabor Prison Camp 

• Hamere Hotel (Fiche) 

• HohteMisrak Child Care Center 

• Missionaries of Charity-1 



components meet the most 

of the basic minimum 

standards of site lay-out; 

• Location of the plant is 

managed in such away that 

it is at reasonable 

distances from kitchen 

(point of 

application),water source, 

cattle shed, toilet attached, 

and main access way: 

• Some management and 

maintenance problems 

decrease its performance 

or gas production. 

• Missionary of Charity-2 

• Mojo Modern Export Abattoir 

• Mulualem snack (Fiche) 

• Paradise Hotel (Deberemarkose) 

• Selam Children Village 

Fair, 

(functioning 

with major 

defects) 

• Plant-components are 

constructed with moderate 

workmanship. Plants are 

constructed without giving 

due attentions to the 

quality norms and 

standards; 

• Plant-components are 

operational with one or 

more technical problems; 

• Location and relative 

orientation of plant 

components do not meet 

the basic minimum 

standard of site lay-out, 

however, the non-

compliance does not affect 

gas production seriously; 

• Location of plant is either 

very near or reasonably far 

from kitchen (point of gas 

application), water source, 

cattle shed, toilet attached, 

and main access way. 

• Poor management and 

maintenance decreases its 

performance or gas 

production. 

• Aferame Hotel (Sheno) 

• Alem Hotel (Fiche) 

• Bethel Orphanage Center 

• Koteb Teachers College 

• Sheno Prison Camp 

• Woldia Prison Administration 

Poor 

(stopped 

functioning) 

• Some plant -components 

are constructed with poor 

workmanship. Plants are 

• AddisZemen Prison Camp 

• Alage TVT College 

• Alage  TVT College 



constructed without giving 

due attention to the quality 

norms and standards and 

in many cases it violets 

basic minimum standards; 

• Some plant-components 

are constructed with good 

workmanship but due to 

poor management and 

maintenance are no longer 

operating; 

• Plants are constructed 

without giving due 

attentions to the quality 

norms and standards; 

• Plant-components are not 

operational due to major 

technical problems; 

• Location and relative 

orientation of plant 

components do not meet at 

all the basic minimum 

standard of site layout and 

the non-compliance affects 

gas production 

significantly. 

• AselaBiofarm&Park 

• Ayertena High school 

• Backo Agricultural Research Center 

• Backo TVET college 

• BahirDar Prison Camp 

• Bisidimo Hospital Babile 

• Bole high school 

• Oromia child & old care Center 

• Community Zero Sefer 

• Ethiopian Civil Service College 

• FenoteselamPrisonCamp 

• Harar Prison Administration 

• Keftegna7MLTech&Voc College 

• Kemessie Prison Camp 

• Kidanemihret Children Home 

• KokebeTsebah High School 

• Kombolcha Prison Camp 

• Kombolcha High School 

• Mehalemeda Prison Camp 

• Menschen fur Menschen College 

• Oromia Prisoners TVET 

• Solomon Diary Holeta 

• Wolkite Prison Camp 

Never 

operate 
• Plant-components are 

constructed with poor 

workmanship. Plants are 

constructed without giving 

due attentions to the 

quality norms and 

standards and in many 

cases it violets basic 

minimum standards; 

• Plant-components are not 

operational and there are 

one or more technical 

problems; 

• Location and relative 

orientation of plant 

components do not meet 

the basic minimum 

standard of site lay-out, 

and the non-compliance 

affect gas production 

• AAEP Authority 

• Alage TVT College-3 

• Alage TVT College-4 

• Bulega Hotel (Sheno) 

• Dasie Prison Administration 

• Fiche Secondary School 

• Genesis Farm 

• Guntar-Birman Memorial School 

• Jimma University 

• Missionary of Charity Jimma 

(Kulober) 

• Missionary of Charity, Jimma [Setto] 



seriously; 

• Location of plant is quite 

far from kitchen(point of 

gas application) water 

source, cattle shed, toilet 

attached and vary near to 

main access way; 

• Poor management and 

major technical problems 

results in non-operational 

of the biogas system 

 

 

Abandoned • Some plant-components 

are constructed with good 

workmanship but plant 

abandoned due to various 

reasons; 

• CCFEthiopia/MelkaOdaProject 

• CCFEthiopia-

FejiKeraroProject[Feeding center) 

• Debretabore Child Care center 

• HawasaUniversityAgriculturalColleg

e 

• Selam Tech&Voc College 

• Woreta Agricultural College 

Under 

construction 
• Construction/installation 

works are not yet finished. 

 

• Bure Agricultural College 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix D 

Map of the Location of Institutional Biogas Plants  



 




