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DETERMINANTS OF ADOPTING BIOGAS TECHNOLOGY THE CASE 

OF ALABA DISTRICT 

 

ABSTRACT 

 

The study to identify the determinants of biogas technology adoption. Moreover, it aimed to 

assess the role of the technology in generating socio-economic and environmental benefits for 

smallholders in rural areas of Alaba district. The study considered 316 households as a sample 

selected using a systematic sampling technique. Both descriptive statistics and binary Logit 

models were used to analyze the data. Adoption of biogas technology is significantly determined 

by access to credit, a number of cattle size, the total annual income of a household head, 

educational level of a household head, age of the household head, family size, farmland size, 

distance to fuel woods, distance to the market and distance to water source. Due to the 

installation of the biogas plant, there is an annual reduction of fuel wood consumption 

approximately 79.2 bundle of firewood (2534.4 kg) per year per household and provides each 

biogas households an equivalent saving of 11,880 Birr per year at the local rate of Birr 150 per 

32 kg of firewood. All the surveyed households used kerosene (average of 2 liters per month per 

household and 24 L per year) as a source of lighting. Each household spent Birr 38 and Birr 

410.4 per month and per year, respectively for charcoal consumption, which amounts to 95.6 kg 

which is equal to 828 Birr. The study revealed that biogas installation made each household to 

save 18.3 hours per week (2.6 hours per day) on average in reducing the overall household 

workload from fuel wood collection, cooking, cleaning utensils/kitchen materials). Moreover, 

technology adoption may reduce physical stress remarkably. The majority (79.1 %) of the sample 

biogas users realized that the utilization of biogas technology highly reduced the problem of 

health through the declined use of traditional biomass fuels.  

 

Keywords: Adoption, Alaba District, Biogas technology, Determinants. 



 

 

 

 

1. INTRODUCTION 
 

 

1.1. Background of the Study 

 

Energy is certainly a basic means to satisfy the needs of life support systems and 

development efforts now and the future (Mengistu et al., 2016). The energy brings in and uses 

system has many implications in the household day-to-day activities including, the indoor 

environment, women’s activities, child safety, family nourishment and other aspects including 

local and global climate (Walekhwa et al., 2016). 

 

Energy plays a central role in the national level advancement process since it is one of the critical 

factors of production, whose cost directly affects the price of other goods and services (Amigun 

et al., 2008). It affects all aspects of development, such as social, economic, political and 

environmental, including access to health, agricultural and industrial productivity, education and 

other vital service sectors that improve quality of life. Currently, there is intense interest and 

policy direction to increase energy proportion mainly from renewable sources (Thomas et al., 

2010). This is to sustain the production of the critical input, energy, without interruption and 

externality on the other sectors. 

 

Most of the power sources like petroleum, natural gas and coal are not sustainable and free from 

negative externality. Many of the countries in the World including Ethiopia are currently passing 

through the critical phase of population explosion and growing population demands more energy 

as an input for the day-to-day livelihood. Solar, wind, and geothermic energy are alternative 

renewable sources of energy. Global experiences show that biogas adoption is a simple and 

readily functional technology that does not require overtly difficult and advanced technologies to 

construct and manage the production process. It has also been accepted as a simple, adaptable and 

locally acceptable technology for Africa (Taleghani and Kia, 2010). 

The major types of cooking fuels used by all households are firewood, leaves, cow dung and 

kerosene. At the country level, about 81.4% of the households use firewood, about 11.5% cooks 

their food by using leaves and dung cakes and only about 2.4% use kerosene. Fuel wood 

consumption is often portrayed as a cause of environmental degradation and may lead to energy 
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insecurity for rural African households; especially where the resource is commercialized 

(Hiemstra-van et al., 2009). The strong relay on fuel wood in sub-Saharan Africa resulted in an 

alarming rate of deforestation that causes drastic depletion of biomass resources. According to 

UNEP (2014), nearly half of the forest loss in Africa is due to fuel wood. On the other hand, rural 

women are the ones who are directly affected by the rural energy crisis (Amigun et al., 2014; 

Smith et al., 2015). The continuous fossil fuel price increment boosts the demand for bio-fuels, 

which causes changes in the land-use cover through deforestation, increases greenhouse gas 

emissions through the drainage of peat marshes. A long-term intervention could reduce the 

demand for fossil fuel by changing consumer and producer behavior (UNEP, 2014). Currently, 

many African countries experience frequent blackouts and the cost of electricity outage is not 

clearly examined. The continent’s energy consumption and demand are expected, and they are 

expected to increase in much faster rates in those of developed countries (Amigun et al., 2016). 

Ethiopia has a population of 92. 6 million people, of which 82.4% live in the rural areas (United 

Nations, 2014). 

 

1.2. Statement of the Problem 
 

Mwirigi et al. (2014) investigated the socio-economic obstacles are common in the adoption of 

biogas technology in Sub-Saharan African countries and explored the factors that promote 

adoption of the technology, quality control, and standardization, integrating use of biogas and 

bio-slurry; mobilizing domestic and foreign funds; endues of readily available funds like clean 

development mechanisms. The same author also identified the role and benefits of adopting the 

biogas energy of rural livelihood improvement. Walekhwa et al. (2016) studied at a household 

level about biogas digesters in Uganda and concluded that factors such as household income, 

cattle size, family size and cost of traditional biomass fuels are likely to increase the adoption of 

biogas technology. Though there are many works with regard to biogas technology and related 

issues, few of them were trying to identify the core determinants of adopting biogas technology 

(Mengistu et al., 2016). Despite the existence of different studies in relation to the factors 

affecting the adoption of biogas technology, very few of them provide attention to identify 

determinants of biogas adoption technology by smallholders. This implies that, issues about 

determinants of biogas technology not yet received adequate research attention in most parts of 
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Ethiopia especially in distant locations from the capital. In light of the above facts and research 

gaps, identifying the underlying factors that led to the existing low level of biogas technology 

adoption in the district would be important for developing suitable strategies geared towards the 

expansion and use of biogas technology and other renewable energy sources in the rural areas. 

Besides, understanding environmental and institutional factors that govern rural household's 

decision to sustainably adopt and utilize biogas energy is important. the purpose of this study is 

to examine determinants of biogas technology adoption and use in the case of Alaba district of 

Southern Nations and Nationalities People regional state. 

 

1.3. The objective of the Study 
 

           General Objective  

Determinants of biogas adoption technology the case of Alaba district. 

            Specific Objectives:  

1. To assess the role and benefits of adopting biogas technology on rural livelihood. 

2. To identify determinants of adopting biogas technology in Alaba district. 

 

1.4. Research Questions 

 

1. What factors determine biogas energy technology adoption in the rural areas of Alaba 

district?  

2. How do the factors influence biogas energy technology adoption behavior of smallholders 

in the study area?  

3. From this study for policymakers and development agents to support biogas technology in 

the rural areas of Alaba district? 

 

1.5. Significance of the Study 

 

The findings of this study are expected to be significant for the following agents: Firstly, 

government and other concerned bodies involved in the promotion of the biogas energy adoption 
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in rural areas may use the findings of this research as an additional source of information to 

address the problems uncovered about adopting biogas energy in the rural areas. Secondly, the 

biogas technology development office and owners of such a householder may be able to know the 

real problems and then to seek solutions for these problems. Finally, for other researchers who 

are interested to conduct study related to this problem in wider and different area coverage. 

1.6. Scope of the Study 

 

In the Alaba special district, there are 24 kebeles (the least administrative unit), of which the 

study selected two kebeles biogas users and nonusers. Additionally, this research study was 

delimited to the detriments of the adoption of biogas energy technology in rural areas which are 

distributed by the joint efforts of Alaba special district water minerals and energy office and SNV 

office, Alaba branch. Hence, this paper addressed it objectives by collecting primary data on 

relevant variables such as the number of family members (household size) in the household, age 

of the house head, household income, gender, educational level, heads of cattle size, access to 

credit, and size of farmland.  

 

1.7. Organization of the paper 

 

This research is organized into 5 parts. The first part starts with presenting the background of the 

study and followed by a statement of the problem, objectives of the study, significance and scope 

of the study. The second part focuses on the literature review and conceptual framework of the 

research. The third part deals with the research methodology, which includes the study design, 

target population, and sample size, as well as describes data collecting and analyzing methods. 

This part also includes the model specification and description of the study variables. Part four 

presents results and discussion of the research and part five deals with research conclusions and 

recommendations. 
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2. LITERATURE REVIEW 

2.1. Biogas Technology Adoption and Use at Household Level  

 

The gas produced was mainly used for household for cooking and lighting. Biogas energy was 

found to be a very fundamental resource to adopter households. Its main applications mainly 

were cooking and lighting. However, the technology adoption level in the district is quite low. 

Use of improved energy technologies in Alaba has often been unsuccessful. Most households do 

not adopt the technologies at all, and if they do, use them in ways that do not achieve the sought 

after level of reductions in wood fuel use and harmful emissions (Barnes et al., 1994). It can be 

argued that the challenge of ensuring successful uptake and proper use of improved energy 

technologies such as biogas, in rural households stems from the twin failure of adoption and 

implementation. Adoption in this context refers to the decision to acquire the new technology, 

while implementation refers to the households’ actual use of the new technology (Klein and 

Knight, 2005). These failures in turn stems from a misunderstanding of households’ decision 

making processes (around improved technology adoption), which are grounded in the livelihoods 

of the people, the social, political, cultural, economic and ecological dimensions of energy 

security, as well as access to alternative sources of energy to meet energy supply and demand 

(Barnes et al., 1994). Biogas technology uptake and use in rural Alaba could be limited by some 

or all of these factors. It is in the interest of this study to investigate these factors. 

2.2. Factors Influencing Adoption of Biogas Energy Technologies  

Innovation uptake relies upon different factors that vary from one place to another. To a greater 

extent, households‟ demographic traits, environmental elements, institutional support services, 

and technology usefulness as perceived by the consumers have been found to greatly influence 

adoption and dissemination of a new technology (Lionbergen & Gwin, 1991). The relative 

advantage of a modern energy technology may be evaluated in financial phrases, social status, 

convenience, and satisfaction (Mengistu et al., 2015). A technology that is deemed to be more 
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advantageous than the existing one is most likely going to diffuse faster and be adopted by many. 

That which is in line with existing community norms and values has a greater chance of diffusing 

faster. A technology that is easy to use and understand has also a greater probability of being 

adopted swiftly as compared to those that are complex and difficult to understand. Still a 

technology that can be tested without problems for its suitability and has observable results to 

users then the uptake of such innovation will be more rapid than others. There are several issues 

that consumers consider before rejecting or adopting an innovation and technology cost is one of 

the major considerations. Consumers particularly in regions where credit and/income access is 

low households go for technologies that have low initial cost than those that are likely to reduce 

operation costs which may extend for a long period of time (Mwirigi et al., 2014). To echo this 

argument Gebreegziabher (2007) noted that the greatest impendent to significant biogas uptake in 

Ethiopia remained to be the high initial investment cost. Subsidies have the potential to speed up 

technology uptake by resulting to adoption by consumers who would not have adopted without 

some external assistance (Rogers, 1983).  

Adoption of certain technologies that have socially desirable characteristics is not only beneficial 

to the user but to the entire society at large. Investment costs of such technologies may surpass 

private benefits but lower than the social advantages. Governments and NGOS should take an 

initiative to provide external assistance through subsidies to speed up the uptake of such 

technologies. Food and Agricultural Organization (FAO, 1996) acknowledged that making 

individual users pay for the entire cost of a technology whose benefits are shared by the non-

users too would be unjustifiable. It is therefore justified to subsidise biogas technology since the 

technology extends the benefits to the entire society through forest conservation. The sizes of 

subsidies greatly have an impact on technology uptake. In China the adoption rate of biogas 

dropped as soon as the government downsized the subsidies (Rajendran et al,. 2012). Bajgain and 

Shakya (2005) also found out that Napalese farmers relied heavily on subsidy scheme to install 

the systems.  
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2.3 Socio- Economic Factors Influencing Adoption of biogas Technology  

These are specific factors and/or attributes of an individual and his/her families that make 

him/her adopt or reject a certain technology. Socio-economic status is based on family income, 

household education level, occupation and social status (contact within the community, group 

association and community perception of the family) (Damarest et al., 1993). In a review of 

socio-economic factors affecting adoption of biogas digesters in Sub-Saharan Africa (Smith, 

2005) observed that most factors affecting adoption were related to costs and ability to pay; 

family income, size of farm, construction costs, costs of conventional fuels and availability of 

credit facilities.  

Other factors were associated with availability of feedstock; number of dairy cattle, average cost 

of a dairy cow, and land and water availability. Insufficient water and manure are also among the 

key factors that may limit biogas uptake since both are requirements. In some instances, a 

household may possess adequate number of cows and water, but the nature of grazing systems 

such as nomadic, semi-nomadic, and free grazing systems make cow dung collection a laborious 

task (Winrock International, 2007). Other factors affecting technology uptake include; Education, 

awareness, age and sex of household head. These characteristics determine individual‟s capacity 

to obtain information, know-how and perception towards the technology benefits which in flip 

have an impact on one‟s decision to adopt or not. Education helps in improving beliefs and habits 

which in turn creates favorable mental attitude for acceptance of new practices (Omer & Fadalla 

2003). 

 Education also increases information acquisition ability thereby providing awareness knowledge 

to new technologies and beneficial practices. Despite the fact that formal credit markets are 

becoming increasingly accessible to farmers, illiterates may find the complicated borrowing 

process and paperwork a major disincentive (Vien, 2011). Awareness about the technology also 

plays a major role in technology adoption. Arthur et al., (2011) acknowledged that lack of 

knowledge about the technology in Ghana greatly led to low uptake. Success or failure stories of 

previous installations can positively or negatively affect uptake. According to Gitonga (1997) 

information from satisfied users on how well their systems are functioning is enough to 
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convenience other potential users to install their own. Where the systems malfunction, uptake 

will be low since other individuals who may be willing to install will get discouraged and shun 

away from such technology.  

Income is another prime factor influencing adoption since it is only with sufficient cash that an 

individual will be at position to meet technology costs (Mwirigi et al., 2009). Incapacity of 

farmers to meet the full cost of biogas installation is a key impediment to biogas uptake (Arthur 

et al., 2011).In support of this argument, Bensah and Brew-Hammond (2011) noted that inability 

to raise money to meet installation by farmers remained a major impediment to biogas 

technology uptake in Ghana. Evidence from many African countries indicates that the investment 

cost of even the smallest biogas unit is prohibitive for most poor African rural households 

(Karekezi, 2002). For instance in Kenya, for a standard size of a fixed dome biogas plant type 

with 6 cubic meters capacity that has been subsidizing to farmers since 2009 costs approximately 

80,000 (KENDBIP, 2009). Gender role in the household can either positively or negatively 

influence adoption of a technology. The gender roles can be in form of responsibilities and 

resource ownership amongst men and women. Women play a crucial role in the provision and 

use of household energy either for cooking or heating. Their energy concerns are in tune with the 

search for systems that would relieve them of tiresome repetitive responsibilities (Denton 2005).  

2.4. Technology Adoption  

Rogers, (1995) defines technology adoption as the level at which an innovation is chosen to be 

used by a person or an organization. Adopting a technology in keeping with (Abukhzam & Lee, 

2010) depends on numerous elements which purpose a targeted user to adopt or reject. They 

include; perceived usefulness and ease of use, facilitating conditions e.g. availability of 

government support and managerial support, technology readiness and social influence. These 

factors can make a positive or negative contribution towards technology adoption. Customers 

may also reject some technologies due to the fact that technologies are not in line with their 

values, beliefs and past experiences. Davis et al., (1989) argues that the successful 

implementation of any innovation is primarily determined by users’ attitude.  
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However, factors such as technology characteristics (e.g. perceived usefulness and ease of use, 

compatibility, reliability, security), organizational and managerial characteristics have been found 

to be key instrumental factors affecting users attitude towards adoption or rejection of a particular 

technology. Biogas technology has been known for a long time, but in recent years, interest has 

especially increased, especially due to the high costs and the rapid depletion of fossil fuels as well 

as their environmental shortcomings. The development of large-scale anaerobic digestion or 

biogas technology in Eastern Africa is still at an embryonic stage but the potential is promising. 

Ghana, Nigeria, Uganda, Rwanda, and Kenya are a few pioneer African countries (Amigun et al., 

2008). 

2.5. Biogas and Rural Livelihoods  

Biogas technology is considered by many experts to be an excellent tool for improving life, 

livelihoods and health in the developing world (Renewables, 2005). Energy is an important 

ingredient for the development process of any country, and its consumption levels, a good 

indicator of socio-economic development level. The energy sector has strong impact on poverty 

reduction through income, health, education, gender and the environment linkages (Sayin et al., 

2005). In modern times, no country has managed to substantially reduce poverty without greatly 

increasing the use of energy or efficiently utilizing energy and/or energy services (Rao et al., 

2009). In fact, energy affects all aspects of development – social, economic and environmental 

(Amigun et al., 2008).  

There is a large body of literature on energy and sustainable livelihoods (Uphoff, 2006; Peril et 

al., 2006; Almas et al., 2003; Dalal-clayton 2003; Hussein 2002; Babington 2000; Carney et al., 

2000; DFID, 1999; Scones, 1998), but very little research demonstrating the impact of biogas on 

livelihoods has been carried out. Chambers and 32 Conway (1992), pointed out that a livelihood 

comprises the capabilities, assets and activities required for a means of living.  

2.6. The Benefit of Biogas Adoption Technology 
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Renewable energy technologies (RETs) provide multiple benefits that can contribute to 

addressing vital local and global development challenges (World Bank, 2008).small scale bio 

digesters in particular have great potential to contribute to sustainable development by providing 

a wide variety of socio-economic benefits (Mshanndete and Parawira, 2009), including 

diversification of energy supply ,creation of domestic industries and employment opportunities 

(Rio and Burguillo, 2008), increased crop productivity and provision of clean fuel (Arthur et al., 

2011; Mwakaje, 2008; Katuwal and Bohara, 2009). The knock-on benefits may include improved 

subsistence, increased food security and/or income generation. Biogas can have significant health 

benefits by alleviating poor indoor air quality.  

 

2.6.1 Economic benefits Adoption Biogas Technology 

Determination of Fuels and Wood fuel Savings  

 

In-depth structural interviews were carried out with respondents to determine fuel demand, fuel 

expenses and usage patterns. Adopter households were asked to quantify the amount of firewood 

and charcoal they used on weekly basis before, and after they installed the biogas plant (pre and 

post biogas installation). Likewise, non-adopter households were required to quantify the amount 

of firewood they consumed in a week. Firewood consumption was recorded on the basis of mass 

of backloads, cartloads and bundles, collection time and number of loads collected. The 

difference in fuel consumption between adopters and non-adopters, and also the difference pre 

and post installation for the adopter households, gave an indication of the amount of wood fuel 

avoided as a result of use of biogas energy. Consumption of other fuel types including liquefy 

petroleum gas, electricity, and kerosene pre and post installation phases were quantified too. 

Electricity use was measured by proxy using monthly payments, since most respondents could 

not recall the actual number of units consumed, and paper bills were also not available.  

2.6.2 Determination of Firewood and Charcoal  

The weight of one load of dry firewood was estimated by determining the weight of ten 

backloads and ten cartloads, sampled randomly in the area. Wood pieces were tied into bundles 
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with a cord and weighed. A hanging scale with 0.01 kg accuracy was used. A backload was 

found to weigh approximately 25Kgs by dry weight, while a cartload weighed 250Kgs. Charcoal 

was weighed in gunny bags. An empty bag was weighed and the weight recorded. The bag was 

then weighed with the charcoal and this weight recorded as well. The difference in the two 

weights gave the weight of the charcoal.  

 

2.6.3 Health and social benefits of biogas adoption technology 

The use of biogas technology has numerous health and social benefits. The health benefits 

encompass a reduction in smoke borne diseases such as headache, eye-burning, eye-infection, 

respiratory organ infection, etc.; improvement in household sanitation via toilet connection with 

Bio-digesters and absence of sooth and ashes in the kitchen; and reduction in burning accidents. 

Similarly, Bajgain and Shaky revealed that utilization of biogas greatly ameliorates the quality of 

indoor air. It burns cleanly so that its use minimizes eye illnesses which results from the burning 

of traditional biomass fuels. Besides, it assists in maintaining the sanitation of areas surrounding 

households via dung management and hygienic toilets connected to biogas digesters. Thus, it 

lowers the chance of the development of infectious diseases. In other words, as stated by 

Aggarangsi et al. bio-gas technology provides health benefits not only to its users but to the 

whole community in its environs. Indeed, Bajgain and Shakya also, remind us that smoke-free 

rooms may not always be advantageous. The smoke is habitually utilized to keep out insects. But 

the smoke-free biogas stoves are unable to keep mosquitoes away.  

 

Globally, around two million deaths a year from pneumonia, chronic lung disease, and lung 

cancer are linked to indoor air pollution from the use of solid fuels. In the least developed and 

Sub-Saharan Africa countries, more than half of all the deaths from these three diseases are 

associated with solid fuel use while it is merely about 38% for the overall developing countries. 

Thus, energy interventions such as the dissemination of biogas technology in these regions can 

considerably reduce deaths due to indoor air pollution. Biogas technology has also various social 

roles. It improves social relations via minimizing bad odors and environmental pollutions of 
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organic wastes which would have been otherwise serving as a source grievance among neighbors 

and negatively affect social relations.  

It saves time for social activities; it improves social status in the community; it lessens women 

and children’s work burden, and it offers brighter light that assists in quality education and 

household duties. Similarly, the International Network on Gender and Sustainable Energy stated 

that the use of biogas installation cuts back time spent on fuel wood collection, cooking and 

cleaning utensils and kitchens. This saved time is utilized for rest and leisure, schooling, social 

activities and/or productive purposes which definitely empower women and promote women's 

and girls’ educations. The bright biogas light also assists in succeeding in children’s educational 

performances Keizer (1994). 

 

In Nepal, due to the use of biogas, women are able to save on average three hours daily from the 

overall time required for cooking, cleaning pots, and collecting fuelwood. Another study in Nepal 

revealed that biogas users on average save 96 min per day for cooking as compared to traditional 

stove users Moreover, biogas is clean cooking fuel. Consequently, the time saved for washing 

cooking utensils is estimated to be on average 2.6 hours per day. This time saved may be utilized 

for schooling or other productive purposes. Children who have been tightly occupied with fuel 

wood collection could get time to attend school. Thus, the use of biogas narrowed the gap in 

educational status between males and females Gautam et al. (2005). 

2.6.4 Environmental Benefits biogas adoption technology 

 

Biogas technology offers a wide range of environmental benefits. In Ethiopia, majorly rural 

people either searching for new agricultural land or to realize their fuel-wood demand vastly 

encroached into forest areas, resulting in a high rate of deforestation and forest degradation. 

According to Andrews (1999), no sector of human activity impacts the environment more 

pervasively than the production and use of energy. As various figures explained in Ethiopia about 

1.24 million ha of natural high forests cleared between 1990 and 2014 (WBISPP, 2004). Energy 

conservation, the use of alternative energy, and improved energy efficiency fill a significant role 

by enhancing the potential for sustainable development (Roosa, 2010). Inefficient and 
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environmentally insensitive energy use causes a decline in sustainability. This is due to the 

extensive environmental impacts resulting from energy use. 

  

2.6 Theoretical framework 

 

The basic theoretical framework for this study emanates from the economic theory of consumer 

behavior. Households are supposed to have subjective preferences over the adoption of any 

technology (Adesina and Baidu-Forson, 1995). The subjective preferences mostly stem from the 

attributes that a given technology embodies and thereby influences adoption decisions (Somda et 

al., 2002). A farm household is unspecified to have energy preference over a set of alternative 

energy sources that are subjected to resources and budget constraints. It is also assumed that 

households know their energy problems and can state and rank their own preferences given their 

socio-economic characteristics, environmental, institutional and other observable attributes. The 

adoption of new technology can, therefore, be modeled as a choice between two alternatives; the 

traditional technology and the improved technology (Feleke and Zegeye, 2006). A technology 

that is expected to provide higher utility is more preferable by households. The study assumes 

that households' choice to adopt biogas technology can be represented by y, where y = j if the 

household is willing to choose the j technology and y = k otherwise. The utility function is given 

by; Uij = Ui (y = j), the utility obtained by i household from adopting j technology Uik = Ui (y = 

k), the utility obtained by I household from k technology. A utility-maximizing household will 

only adopt the new technology  
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(j) if the utility from technology j outstrips that of k; i,e U  

j)>ui(y=k). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Conceptual framework. 

                Source: Field Survey (2019) 
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3. RESEARCH METHODOLOGY 

3.1. Description of the Study Area  

This study was conducted in Alaba's special district of South Nation and Nationality Regional 

State. The district is located in South West of Addis Ababa with a distance of 300 kms and 88 

kms southeast of the regional capital, Hawssa. It has an altitude of 1200 meter above sea level 

and characterized by an average rainfall that ranges between 601 and 1200 mm, with a minimum 

and maximum temperature of 17.6 and 5 respectively. It has a total population of 232,325 of 

whom 117,291 are men and 115,034 women (49,028 households) who live in an area of 994.66 

square km) with an estimated population density of 26.867 people per square kilometer (CSA, 

2014). Alaba is bordered with the south by an exclave of Hadiya Zone, with the southwest by the 

Kambata Tambaro Zone, with the west and north by Hadiya Zone, with the northeast by Lake 

Shala, and with the east by Oromia Region; the Bilate River, which is the main water body that 

defines its western boundary. The administrative center is Alaba Kulito."Critical Emergency 

Situation in Kambata Tambaro Zone and Alaba Special District. 

 

Figure 2. Map of the study area (Arc Gis10.1) 
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3.2 Research Approaches 
 

This study was conducted with the data collected using a cross-sectional survey (Gray, 2004; 

Lewin, 2005). The presence of various specific research objectives and data types option for the 

use of both qualitative and quantitative research approaches. 

 

3.2.1 Types and Method of Data Collection 

 

The data inputs for the study were gathered both from primary and secondary data sources. 

 

3.2.2 Primary Data 

 

Primary data were collected using a survey conducted through both open and close-ended self-

administered questionnaires and interviews that cover items related to key informant’s interview: 

10 individuals and four (4) focus group discussions were held to supplement the data and 

personal observation. The interview was carried out both at the household level and on 

government and non government partners and stakeholders who work on biogas technology 

adoption.  

 

3.2.3. Secondary data  

 

Secondary data sources such as, journals, and websites that are relevant and strengthened the 

study were reviewed. Moreover, to have a deeper insight into biogas energy technology adoption 

and constraints of the study area, different organizations were visited and related documents 

about biogas technology are extensively used. 

3.3 Sampling 

The stratified random sampling technique was then applied to select respondents from a list of biogas user 

households and non-biogas user households (control group) of each selected 2 kabeles.  

There were a total of 316 such households where 190 were found in Wanja kebele and the 

remaining 116 were in Arisho kebele (own survey, 2019). 

  

https://www.sciencedirect.com/topics/engineering/sampling-technique
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3.4. Sampling size and sampling technique 

 

A stratified random sampling technique was then applied to select respondents from a list of 

biogas user households and non-biogas user households (control group) of each selected village. 

The stratification was based on whether a household uses biogas energy or not (users and non-

users).  

Moreover, the study used a stratified sampling method to select two kebeles (Wanja and Arisho) 

out of 24 kebeles that are classified as biogas adopter and non-adopter kebeles. There are about 

1520 households who reside in these two kebeles out of this 316 sample households were 

selected using systematic sampling. The data were collected using a structured questionnaire that 

was distributed to biogas adopters and employees and filled by enumerators who know the 

language and the culture of the study area.  

The study used a simplified formula provided by Yamane (1967) in order to determine the 

required sample size using a 95% confidence level and the level of significance, P = 0.5 is 

assumed. Formula: - 𝑛 =
𝑁

1+𝑁(𝑒)2
 

 

Where, n= sample size,  

N = population size 

e = sampling error/level of precision 

  𝑛 =
1520

1+1520(0.05)2
 

             n=316 households  

3.5 Method of Data Analysis 

 

Both descriptive analysis and econometric techniques were used to analyze the collected data. 

Descriptive tools such as frequencies, mean, percent and standard deviations were used to 

describe the main body of the data. Binary logistic regression model was employed to identify the 

main determinants of biogas adoption. Moreover, tests of significance, specifically t test and chi-



18 

 

 

 

square (χ2) were carried out to show whether there is a significant difference between biogas 

adopters and non-adopters with regard to some selected socioeconomic variables. 

 

3.6. Model Specification  

 
The determinant factors of biogas technology adoption were analyzed using logit model. Logistic 

regression is mostly used when the dependent variable is a dichotomy and the independent 

variables are of any type. It applies maximum likelihood estimation after transforming the 

dependent into a logit variable (Garson, 2008). It estimates the odds of a certain event occurring. 

The dependent variable is binary, which is the natural log of the odds (logit), that is;

                                                             (1) 

Where, P denotes the probability of the event occurring, 

Xi denotes the independent variables 

e is the base of the natural logarithm and. 

a & b are the parameters of the model. 

 

A dummy variable was used to identify whether each sampled household is a biogas user or non-

user. Y is a dichotomy dependent variable that determines if the household uses biogas or not.  

 

Y = 1 for the biogas user and Y=0 otherwise 

Xi denotes for independent variables (explanatory variables that might affect the adoption 

decision of households) 

 

Following Garson (2008), the study adopted the following empirical 

model. 

                   Pry=
𝟏

𝟏+𝒆−(𝒂+𝒃𝒙)
                                                                            (2) 
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The reduced formula used in this logistic regression model is shown in Eq. (3) 

 

Y = β0 + β1X1 + β2X2 + β3X3…+ βnXn + εi                                            (3) 

 

Where β0 is the constant with X1…Xn independent variables affecting 

The probability of adopting biogas technology; β1… βn are the estimated coefficients; and  

εi is the error term. The dependent variable was modeled as: Y = adoption of biogas technology= 

pry;(1= households that adopted biogas technology, 0 = otherwise). 

3.7 Variables in regressing adoption of biogas technology 

 

The selection of explanatory variables that could affect households 'decision to adopt biogas 

technology was based on the prevailing literatures and experience from field observations.  

According to Walekhwa et al.(2009), a considerable amount of existing literature on adoption 

behavior concur the social, economic and environmental factors that are key determinants of the 

adoption process. 

 

 Following this, the key household's demographic, economic and social characteristics, Such as 

income level of the household, age, household size, gender, level of education, and cattle holding, 

were included in the logistic regression. In addition to this, household's access to credit, distance 

to firewood, land resources and distance water supply, distance to nearest  market were 

considered as major factors that could affect biogas adoption decision of rural households.  

 

The full lists of explanatory variables used in this study along with their definitions are 

summarized in Table 1. 
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Table 1. Description of explanatory variables used in the logistic regression. 

Name of the 

variable 

Type of the 

variable 

Expected 

relationship with 

the dependent 

variable 

Description of the variable 
Category of the 

variable 

Age Continuous +/− 
Age of the household head in 

years 
Demographic 

Gender Binary +/− 

Gender of household head; a 

dummy variable for gender 

relationships (male = 1, 

female = 0) 

Demographic 

Family size Continuous +/− Family size of the household Demographic 

Education Continuous + 
Education level of the 

household head in years 
Socio-economic 

Farmland Continuous + 
Size of plots owned by the 

household in hectare 
Socio-economic 

Income Continuous + 
Annual income of the 

household in ETB 
Socio-economic 

Cattle Continuous + 
Number of cattle owned by the 

household (heads/hh) 
Socio-economic 

Disfire Continuous + 
Distance to nearest firewood 

collection site in km 
Environmental 

Distwater Continuous − 
Distance to nearest permanent 

water point in km 
Environmental 

Distmkt Continuous +/− 
Distance to nearest market in 

km 
Infrastructure 

Access to 

credit 
Binary + 

Access to credit service 

(yes = 1; otherwise = 0) 
Institutional 

 

 

    Source: Field Survey (2019) 

 

 

https://www.sciencedirect.com/topics/economics-econometrics-and-finance/logit-model
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4. RESULTS AND DISCUSSION 

4.1 Demographic and Social-economic Characteristics of Respondents 

The mean and percentage values of the socio-economic and demographic characteristics of the 

surveyed households in the Alaba special district are shown in below Table 2. Table2 indicates 

the differences between biogas users and non-users with respect to some selected socioeconomic 

variables. With regard to gender, out of the total 316 respondents, 160 (84.2%) of biogas users 

and 106(84.1%) of biogas non-users were male-headed households. This indicates that the 

dormant users of new technology in the study area are males. Thus, the gender of the household 

head is expected to have either a positive or negative influence on the adoption of biogas 

technology. 

 

Table 1. Gender of the respondents 

 

 

 

Gender 

Non BGT Adopters 

(n = 126) 

BGT Adopters 

(n = 190) 

Number of farmers % Number of farmers % 

Male 106 84.1 160 84.2 

Female 20 15.9 30 15.8 

Total 126 100 190 100 

Source: Field Survey (2019) 

 

As presented in Table 3, most of the respondents of both biogas users and non-users have the age 

that ranges between 31 and 50 years. About 82% of the biogas adopters or users have the age less 

than 50 years, who are in their economic active age range. It is conceived that the young 

household heads are likely to be more flexible and willing to accept new technology. But at the 

same time, they are likely to have fewer capital accumulations and have lower economic status 

than the old farmers. Hence, the age of the household head was expected to have either a positive 

or negative influence on the adoption of biogas technology. 
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Table 2. Age of the respondents 

 

 

Age  

(years) 

Non BGT Adopters 

(n = 126) 

BGT Adopters 

(n = 190) 

Number of farmers % Number of farmers % 

1-15 0 0 0 0 

>15-30 15 11.9 18 9.4 

>30-50 90 71.4 140 73.8 

50 21 16.7 32 1.8 

Total 126 100 190 100 

Source: Field Survey (2019) 

 

As shown in Table 4, the dominant users of biogas technology are married households followed 

by divorced and widowed households, respectively. On the other hand, most of the biogas non 

adopters were also male-headed households followed by divorced households. 

 

Table 3. Marital status of respondents 

 

 

Marital status 

Non BGT Adopters 

(n = 126) 

BGT Adopters 

(n = 190) 

Number of farmers % Number of farmers % 

Single 0 0 0 0 

Married 120 95.3 180 94.7 

Divorced 6 4.7 10 5.3 

Widowed 0 0 0 0 

Total 126 100 190 100 

Source: Field Survey (2019) 

 

The frequency of the educational level of respondents shows that there is a significant difference 

between biogas users and non-users. More than 82% of biogas users have completed secondary 

school while only 20% of biogas non-users have completed secondary school education. This 

shows that education plays an important role in facilitating and distributing new ways of doing 
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things and adopting new things. This is supported by the fact that in the study area respondents 

who have education levels of above 9 years of schooling are better to accept new technology than 

any other educational level groups. Household heads with higher educational levels are expected 

to be less conservative, more informed, more knowledgeable, and more vigilant to the 

environment (Walekhwa et al., 2009). Thus, household heads who passed through a greater 

number of schooling years were anticipated to have a greater probability of adopting biogas 

technology. 

 

Table 4. Education levels of the respondents 

 

 

Education level 

Non BGT Adopters 

(n = 126) 

BGT Adopters 

(n = 190) 

Number of farmers % Number of farmers % 

Non educated 75 59.5 5 2.6 

Primary (1-8) grade 26 20.5 29 15.1 

9-12 grade 15 12 126 66.3 

>12 grade 10 8 30 16 

Total 126 100 190 100 

Source: Field Survey (2019) 

 

                              Annual Income. 

As summarized in Table 6, there was a significant difference between biogas adopters and non-

adopters with regard to the annual income they received. Biogas users received on average about 

20,606 Birr annual income while biogas non-users received on average about 10,205 Birr annual 

income. This shows that income is important to adopt new technologies in the study area, and 

lack of sufficient household income might be one of the deterring factors to adopt biogas 

technology. The difference between biogas adopters and non adopter are 10401.  

5. The annual income of biogas adopters and non–adopter 

 

Non-BGT Adopters 

(n=126) 

BGT Adopters 

(n=190) 

 

            Difference 
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10,205 Birr 20,606 Birr 10401 Birr 

Source: Field Survey (2019) 

There is difference between biogas users and non-users with regard to the number of cattle they 

have. Biogas users have on average about 4 cattle while non-users have about 2 cattle. The 

survey result shows that those respondents who have below 4 numbers of cows have less 

propensity to adopt biogas technology while those respondents who possess more than (4) 

number of cows have more propensity to adopt biogas technology. The primary input for biogas 

digesters in Ethiopia is cattle dung. That is why the NBPE targeted rural households with four or 

more heads of cattle as the primary candidate for adopting biogas technology (EREDPC and 

SNV, 2008). Thus, the number of heads of cattle expressed in cow equivalent and was expected 

to have a positive influence on the adoption of biogas technology. 

 

Biogas adopters have an average land size of about 2.24 hectares while no users have an average 

land size of about 1.78 hectares. Households with a larger size of farmland were supposed to 

have better income and larger plots to closely locate the biogas units biogas digester, livestock 

barn, and garden of fruits and/or fodder lawn. Hence, it was hypothesized to have a positive 

influence on the adoption of biogas technology. 

 

In the study area, about 83% of biogas users have credit access while about 17% of biogas non-

users have credit access. This shows that there is a significant difference between biogas adopters 

and non-adopters with regard to credit. This also shows that households who have low annual 

income and who do not have access to credit have less chance to adopt biogas technology As 

biogas technology requires relatively high seed money (initial investment), having access to 

credit is supposed to have a positive influence on biogas technology adoption. 

The demographic and socio-economic surveyed households in the Alaba special district are 

summarized in Table 7.  
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Table 6. Socio-economic description of surveyed households in the Alaba special district 

 

ha: hectares 

 

Source: Field Survey (2019) 

  

 

 

Variables 

Biogas users  

(n = 190) 

Non-biogas users  

(n = 126) 

Total 

(n = 316) 

Frequency % Frequency % Frequency % 

Gender       

   Male-headed households 160  84.2 106 84.2 266 84.2 

   Female-headed households 30 15.7 20 15.8 50 15.8 

Marital status       

   Single 0 0 0 0 0 0 

   Married 180 94.7 120 95.3 330 95 

   Divorced and Widowed 10 5.2 6 4.8 16 3.2 

Age (Average in years) 48  25.2 42 33.3 45 14.2 

Education (average schooling 

in years) 

8 4.2 2 2 5 2 

Average annual income (Birr) 20,605 1084 10,204 8098 15,405.155 4875 

Average household size 8 4.2 4 3 5 1.6 

Average cattle holding 4 2.1 2 1.6 3 0.9 

Average household land size 2.24 ha  1.2 1.78 ha 1.4 2.1 ha 0.7 



27 

 

 

 

4.2. Econometric Results 

 

In this study, whether a household adopts biogas technology or not is used as a dependent 

variable. Qualitative response models that involve two possible outcomes are binary and hence 

are studied using binary logit Trivedi, 2005) Qualitative choice models are suitable when 

respondents can choose only an outcome from the two mutually exclusive and collectively 

exhaustive choices. The binary categorical variable with two mutually exclusive categories can 

be expressed by numeric values of 1 and 0; whereby 1 signifies the occurrence of an event or 

represents the probability of an event to happen based on the values of the predictor variables 

(Bucur et al., 2017; Green, 2012). Our data set is binary and can, therefore, be analyzed with 

binary logit econometric models, in particular. This study uses the binary logistic regression 

model as it eases the computation of marginal-effects that are important for the subsequent 

analysis. 

 

The binary logistic regression confirms that the model was fit and highly significant (Prob > chi2 

< 0.001) although the Pseudo R2 was relatively low (0.326). This low coefficient of variation 

does not matter the quality of the model since the pseudo-R-squared in logistic regression does 

not have an equivalent meaning to the Ordinary Least Squares R2 value (Kabir et al., 2013) 

because it comes from binary logit regression. 
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Table 7. Logistic regression of biogas adoption model 

 

 

Explanatory variables 

 

Coefficient 

Standard 

Error 

 

P-value 

 

Odds 

ratio 

Age 0.052 0.022 0.021* 1.054 

Family size 0.273 0.138 0.048* 1.314 

Education 0.346 1.084 0.001*** 1.41 

Size of farm land 0.078 0.956 0.935 0.99 

Income 0.00047 0.0001 0.001*** 1.000 

Number of cattle 0.2068 0.1069 0.05** 1.229 

Distance from fire wood 0.944 0.4014 0.017** 1.004 

Distance from water source -0.006 0.634 0.013** 0.892 

Dist mkt -3.0428 1.0687 0.0004*** 0.048 

Access to credit 0.626 0.462 0.05 4.56 

Constant Constant 0.92 1.5 0.05 

Model summary likelihood = --140.01741, Pseudo R2 = 0.32, prob > chi2 < 0.001***,**and * 

indicates Significance levels at 1%,5% and 10% respectively. Number of observations=316 

 

4.2.1. Family size 

 

Family size a positive and significant was effect on a household’s decision to adopt biogas 

technology. The parameter estimate of this variable is significant at the 5% probability level 

implying that more family size encourages the household head to adopt biogas technology and 

vice-versa. As family size increases by one person, the odds ratio of biogas adoption increases by 

a factor of 1.2. A larger family, as compared to smaller households, often generates relatively 

more household work that can be employed in routine biogas operation and maintenance 

activities. This result is complemented with the focus group discussion results in which more than 

60% of biogas non-adopters stated that labor shortage is one of the main factors that limit the 

adoption of biogas technology. The fit excavation work as well as collecting close by available 

construction materials including stone s, grate and sand exact more labor force. In addition, 
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biogas energy is a labor-intensive technology that requires conducting activities such as loading 

animal manure and carrying water into the biogas fermentation tank. Thus, households that have 

sufficient labor force are more likely to adopt biogas technology. My finding is in agreement with 

that of Walekhwa et al. (2009) where larger household size was associated with a high 

probability of biogas adoption due to the availability of labor force for construction, management, 

and maintenance. Kabir et al. (2013), however, found a negative relationship between household 

size and biogas adoption 

 

4.2.2 Educational level 

 

Educational level was among the very important factors that contributed to the adoption of biogas 

technology. Education affects biogas technology adoption positively and the coefficient is 

statistically significant at the 1% probability level. A one year increase in schooling increases the 

logarithm of the odds ratio of adopting biogas technology by 1.4 and vice-versa. This result 

corroborates with the findings of Kabir et al. (2013) and Mwirigi et al. (2009) who found that 

there is a positive association between the educational status of household heads and adoption of 

biogas technology. As stated in Surendra et al. (2014), lack of education is among the most 

critical factors that limit the distribution of biogas technology in economically less developed 

countries. To establish biogas technology as a viable and long-lasting option, it is quite essential 

to educate the people about the socio-economic, health, and environmental benefits of the 

technology. Landi et al. (2013) also revealed that Africa being an emerging continent from the 

agricultural-based economy, there is generally limited access to education and important 

information. Consequently, new renewable energy technologies are not accepted easily because 

of the lack of basic knowledge and understandings about the operations and benefits of the new 

technologies. 

 

4.2.3 Farmland size 

 

The average farmland size of the sample households was 2.24 ha. This is slightly higher than the 

average farmland size at the national level. Whereas the per capita farmland size of the sample 

population was 0.15 ha, the national level was indicated to be 0.11 ha (FDRE, 2005). The average 
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farmland sizes of the sample biogas adopter, non-adopter, biogas user, and nonuser households 

were 2.24 ha, and 1.78 ha, respectively. However, the model result shows that farmland does not 

have a significant effect on biogas technology adoption and the coefficient is not significant at 

any reasonable level. This variable was hypothesized to have a positive effect on household’s 

biogas technology adoption decision with the fact that households with larger size of farmland 

were supposed to have better income and larger backyard to closely locate the biogas units-

biogas digester, livestock-barn, and garden of fruits and/or fodder-lawn (Walekhwa et al., 2009). 

 

4.2.4. Total Annual income 

 

Annual household income has a positive influence on biogas technology adoption and the 

coefficient is statistically significant at the 1% probability level. An increase of household 

income by 10,000 Birr makes the logarithm of the odds ratio of adopting biogas technology about 

5 times more than that of non-adopting biogas technology. This result is in line with the findings 

of Mwirigi et al. (2009), Walekhwa et al. (2009) and Kabir et al. (2013) who found a positive 

association between household income and biogas technology adoption. As a result, despite the 

existing subsidy, household income is still one of the significant factors determining the adoption 

of biogas technology in the study area. 

 

4.2.5. Access to credit 

 

Access to credit has positively affected biogas technology adoption and the coefficient is 

statistically significant at the 5% probability level. Access to credit increases the logarithm of the 

odds ratio of adopting biogas technology by about 0.63. On the adoption of biogas technology in 

the Alaba special district also the odds ratio of biogas adoption of households with access to 

credit was higher by a factor of 4.56 than those who had no access to credit services. The 

outcome implies that access to credit enables the broke to cover the cost of installing a biogas 

digester. Gwavuya et al. (2012) and Mengistu et al. (2016) found similar results where access to 

credit was positively related to the rate of biogas adoption. 
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4.2.6. Number of cattle owned 

 

Cattle dung is by large an important input for biogas digesters in Ethiopia. As a result, the NBPE 

has targeted households with a minimum of four heads of cattle as potential adopters of biogas 

technology. Four heads of cattle are supposed to produce a minimum of 20 kg dung daily, which 

can be an input needed to feed the minimum size biogas digester of the program (EREDPC and 

SNV, 2008). Hence, with this principle in mind, only potential biogas adopters were included in 

the sample. However, motionless heads of cattle were found to be a significant (p<0.05) factor 

that positively affected adoption of biogas technology. For each extra unit of cow or cow 

equivalent, the likelihood of adopting biogas technology increases by a factor of 1.3. This result 

is consistent with the findings of Walekhwa et al. (2009) and Kabir et al. (2013) in which cattle 

size was reported to have a significant positive association with that of the adoption of biogas 

technology. 

 

4.2.7 Distance to the market  

 

Distance to the nearest market affects the adoption of biogas technology negatively and the 

coefficient is statistically significant at the 1% probability level. This implies that the further 

away from the nearest market a household locates, the lesser the chance that a household adopts 

biogas technology. The possible reason could perhaps be the fact that households that stay in very 

distant areas are less privileged in terms of getting easy access to new technologies, extension 

services and information on modern technologies. Thus, with increasing distance to the market, 

there seems to be a corresponding decrease in the adoption rate of biogas technology. Distance to 

the market from the household’s home was expected to have a negative influence on the adoption 

of biogas technology. Having a closer market was supposed to assist farmers to get spare parts 

easily and increase their social interactions and shared information. 

 

4.2.8 Distance to the fuel wood 
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There is a significant positive association between distance to the main fuel wood source and the 

adoption of biogas technology. The opportunity cost of gathering fuel wood increases with the 

increasing distance of its source away from home (Guta, 2014; Heltberg et al., 2000). As the 

shortage of fuel wood worsens, households have to collect fuel wood from further sources and 

make use of more and more amount of dung and crop residues (Teketay, 2001). The effect is 

consistent with the findings of Beyene (2010) in which distance to the forest was found to have a 

significant positive association with the chance of purchasing fuel wood. Hence, with the 

increasing scarcity and time spent on the collection of fuel wood, there seems an increased 

opportunity to adopt or purchase biogas technology. 

 

4.2.9 Distance to the water source 

 

Distance to the water source affects the adoption of biogas technology negatively and the 

coefficient is significant at the 5% probability level. For daily feeding of the biogas technology, 

the source of water was suggested to be within a walking distance of 20 minutes to 30 minutes 

away from home (EREDPC and SNV, 2008; Eshete et al., 2006). Therefore, distance to water 

sources from home was expected to have a negative influence on the adoption of biogas 

technology. 

 

4.3 The Role and Benefits of Adopting Bio-gas Technology on Rural         

Households 

Biogas energy was found to be a very fundamental resource to adopter households. Its main 

applications mainly were cooking and lighting. However, the technology adoption level in the 

district is quite low. Out of the 1520 households existing, it is only about 190 households who 

had taken up the technologies. 

 

Of the 190 biogas plants that had been installed, 170 were still functional when the study was 

being conducted. Cattle dung was the main substrate for dung production and only about 2 % of 

respondents used farm biomass as a substrate. The gas produced was mainly used for household 

for cooking and lighting. About 94.2% of biogas users reported that they use biogas for cooking 
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purpose while about 5.8% of biogas users reported that they use biogas for lighting purposes was 

used 179 (94%). Lighting uses 11 (5.8%) above (Table 9).  

 

 

Table 8. Major uses of biogas energy by households 

 

 

Use of biogas 

Number of respondents 

Yes % No % Total % 

Cooking 175 92 4 2 179 94.2 

Lighting 15 8 3 1.6 11 5.8 

Source: Field Survey (2019) 

 

Users were satisfied with the biogas mainly because of many benefits the technology offered for 

them In addition to energy provision, economic and health benefits and ease of cooking were 

mostly cited by respondents (Table 10). Among users of biogas, about 32% reported that the gas 

yield is sufficient for their uses, about 21.4% reported that they were able to save money, about 

14% stated that the technology is easy to use in Stant energy that does not have drudgery in 

lighting), about 11% stated that the production of biogas does not have any smoke, and about 

10% stated that the technology is more appealing for users. Some of the users of biogas 

technology also mentioned that technology has environmental benefits: it conserves trees and 

reduces workload. 

 

Table 9. Biogas attributes that made users satisfied with the technology 

 

 

Reasons for satisfaction with the biogas fuel 

Number of 

respondents 

 

% 

 

Rank 

Provides enough gas for cooking 60 32 1 

Economic benefit e.g. saving money 40 21.4 2 

Easy cooking/lighting 28 14 3 

No smoke 21 11 4 

Environmental benefits (less firewood) 19 10 5 
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Social benefits (prestige) 16 8.4 6 

Reduced workload 6 3.2 7 

 

Source: Field Survey (2019) 

 

 

4.4. Economic Benefits of Household Biogas Energy Investment 

4.4.1. Saving from firewood consumption expenditure 

 

Due to the installation of biogas plant, there is an annual reduction of fuel wood consumption 

approximately 79.2 bundles of firewood (2534.4 kg) per year per household and provides each 

biogas households an equivalent saving of 11,880 Birr per year at the local rate of birr 150 per 32 

kg of firewood (Table 11). Average consumption per month per household was estimated at 

299.7 Kg=1404.8 Birr and 88.5 kg =414.8 birr before and after the installation of biogas, 

respectively. This translated into monthly net reduction of 211.2 kg = (990 Birr) 1bundle of fuel 

wood weight on average 32 kg; price of 1 bundle wood=on average Birr 150 (local market, April 

25.2018). The average bundle in month was= 9.336 (299.7 kg). After installation average bundle 

in month was =2.766 (88.5 kg) reduction =6.6 bundle (211.2 kg), which is highly significant as 

revealed. In other words, the use of biogas would help users to save on average about 2534.4 kg, 

which is equivalent to 11,880 birr of firewood annually. 

 

4.4.2 Saving from charcoal consumption expenditure 

 

On average, charcoal consumption also reduced significantly (t = 16.42, P = 0.001) at 78.9%, 

with the use of biogas. With an average monthly consumption of 114 kg of charcoal which is 

equivalent to about1068.7 Birr before and 18.3 kg of charcoal equivalent to about 159 Birr after 

the installation, respectively. To put it differently, households are able to save about 95.6 kg of 

charcoal or about828Birr of charcoal monthly because of using biogas technology. 

 

4.4.3 Saving from kerosene consumption expenditure 
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On average, kerosene consumption per month per household was estimated to be about 2 liters or 

equivalent to about 38 Birr, which is reduced to about 0.2l=3.8 Birr before and after installation 

of biogas, respectively. This translated into monthly net reduction of 1.8l liters of kerosene or 

about 34.2 Birr. 

 

The price of 1 liter of kerosene is about19 Birr in local markets during the survey period. Besides 

the below household fuel, all the surveyed households used kerosene for lighting on average of 2 

L per month per household and 24 L per year. Each household spent Birr 38 and Birr 410.4 per 

month and per year, respectively. After installation of biogas plant, all the surveyed HHs 

substituted their kerosene consumption fully by biogas lamp. This shows that Birr 410.4 was 

saved annually at the local rate of Birr 19/L of kerosene per household (Table 11). 

 

Table 10. Biogas adopter household energy consumption, before and after biogas 

installation 

 

 

 

Type of 

energy 

Total fuel used 

Monthly before 

Installation of 

biogas 

 

 

 

SD 

Total fuel used 

Monthly after 

Installation of 

biogas 

 

 

 

SD 

 

 

Mean 

Difference 

 

 

 

t-value 

 

 

 

P-value 

Firewood (kg) 299.7 122.36 88.5 63.95 211.2 18.71 0.001* 

Charcoal (kg) 114.0 85.83 18.3 30.68 95.6 16.42 0.001* 

Kerosine(liter) 2 2.57 0.2 0.99 0.5 3..018 0.003* 

SD = Standard deviation; *Significant at P < 0.05 

Source: Field Survey (2019) 

 

Kerosene use by most households, was minimal in both scenarios (pre and post-installation), at 

less than a liter on average in a month per household. The mean difference between the two 

scenarios was estimated at 0.5 liters and this was statistically significant at P = 0.003. The 

observed reduction in kerosene consumption (74.5%) can possibly be explained by the fact that 

before biogas was acquired, kerosene was perhaps used both for lighting and light-cooking (for 
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example warming tea), and with the installation of biogas, the need to use kerosene for cooking 

diminished, and was perhaps set aside only for lighting in the evenings. 
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4.4.4 Health and sanitation benefits of biogas user households 

 

The majority (79.1 %) of the sample biogas users realized that the utilization of biogas 

technology highly reduced the problem of health through the declined use of traditional biomass 

fuels. The biogas user respondents were requested to choose from the list of energy-related health 

problems which they assumed declined following the adoption and use of biogas technology. 

Accordingly, eye diseases, respiratory problems like coughing and asthma, headaches, back pain 

resulting from heavy load of traditional biomass fuels, injury mishap during fuel collection, and 

burning accidents were the health problems that were reported decrease in by 90 (47.4 %), 80 

(42.1%), 12 (.6.3), 8 (4.2 %), 45 (24 %), and 30 (15.8.) %) 4 (2.1%) 2 (1.3%) of the respondents, 

respectively in (Table 12).  

This result is in line with the findings of Laramee and Davis (2013) in which it was reported that 

75 % of the respondents in Tanzania realized the health improvements due to shifting from the 

use of fuel wood or kerosene to biogas cooking.50.6% reducing the health impacts of households 

that appeared due to indoor smoke. Bajgain and Shakya (2005) stated that the burning of 

firewood, dung cake, and traditional biomass fuels creates many hazardous particles. Cooking is 

usually done indoors; this can lead to severe health problems. The particles from the smoke can 

give rise to acute respiratory diseases among the people who are in contact with the smoke. 

Another major benefit that accrued from technology adoption was an overall improvement in the 

health of household members.  

The absolute reduction in the amount of smoke in kitchens was reported. This saw respiratory 

diseases, eye diseases back pain and headaches burns decline with a huge margin. Females, both 

women, and children were the most beneficiaries of the improved indoor environments since they 

spend most of their time in kitchens, where preparation and cooking of food takes place. Other 

health benefit realized by technology adopting households was improved sanitation around the 

home environment. 
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Table 11. Benefits of biogas on health and sanitation before installation of biogas plant and 

after installation of biogas plan 

 

 

 

Health problem 

Before installation After installation 

Number of 

respondents 

 

% 

Number of 

respondents  

 

% 

Eye diseases 90 47.4 45 24 

Respiratory diseases 80 42.1 30 15.8 

Back pain 12 6.3 4 2.1 

Headaches 8 4.2 2 1.3 

Total 190 100 81 43.2 

Source: Field survey (2019) 

 

4.4.5. The Benefits of Biogas Technology on Workload Reduction 

 

The effect of biogas technology on workload reduction was determined based on the estimated 

Week average hours spent on various household activities. The household activities which were 

thought to be influenced by the use of biogas technology were included. These were: Collecting 

wood-fuel and preparing for use (collecting fuel wood, splitting fuel wood, making charcoal, and 

purchasing fuels); collecting dung, feeding the biogas digester and/or making dung cakes; 

collecting crop residue for fuel; fetching water; cooking food; and cleaning utensils and kitchen. 

Besides, livestock care and fodder collection which were thought to have some influence on the 

use of biogas technology were also considered. According to Keizer (1994), the main 

reproductive activities of women which were believed to have a closer link with the use of biogas 

technology included collection of cooking fuels, cooking food, cleaning pots, and feeding the 

biogas digester. Though not included in the time measurement, herding, collecting fodder, and 

lighting was also mentioned to have some influence on the use of biogas technology. Thus, based 

on the survey result, the weekly mean hours spent on various household activities and their 

differences between before the installation of biogas plant and after installation of biogas plant 

(Table13). 
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Even if the use of biogas technology involved carrying out a few extra duties such as fetching 

water, mixing dung and water, and feeding the biogas digester, the technology generally assisted 

in reducing the overall household workload by 18.3 hours week (2.6 hours per day) at p<0.01 

significant level. Specifically, the average times taken for cooking food, cleaning utensils and 

kitchen, and collecting wood-fuel and its preparation for use were reduced by 18.3 hours per 

weeks and 2.6 hours per day, respectively (Table 13). 

 

Table 12. Estimated weekly average hours spent on various household activities by before 

installation of biogas plant and after installation of biogas plant 

 

 

Household activity 

Before 

Installation 

After 

Installation 

Difference 

Collecting wood fuel and preparing it for use 3.6 3.0 0.6* 

Collecting dung, feeding the biogas digester 4.5 3.8 -0.7* 

Collecting crop residue for fuel 0.3 0.2 -0.1 

Fetching water 8.2 5.9 -2.3** 

Cooking food 18.0 32.4 14.4** 

Cleaning utensils and kitchen 2.5 8.9 6.4** 

Total 42.0 55.3 18.3** 

** and * represent statistically significant differences in mean values between biogas user and 

non- user households at p <0.01 and 0.01<p<0.05, respectively. (t-test was used to check 

differences in means). 

Source: Field Survey (2019) 

 

The time saved through the use of the technology was devoted partly to leisure time, schooling, 

agricultural activities, and other income-generating activities. In relation to this, the feasibility 

study for the national domestic biogas program in Ethiopia indicated that the utilization of biogas 

technology can on average lessen the overall household workload by two to three hours per day 

(Eshete et al., 2006). In a similar study in Nepal too, the use of biogas technology enabled the 

biogas user households to cut back the time required for household activities on average by three 
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hours per day than the non-user households (Singh and Maharjan, 2003). The possible 

justification for the slightly less time saved from the use of biogas in this particular case study 

could be related to the functional status of the biogas plants. No, all biogas plants work with full 

capacities. Among other things, 20(10.5%) of the biogas plants had either a non-functioning 

stoves or lamps. However, saving an average of about 2.6 hours daily from the use of biogas 

technology is yet significant. 
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5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

5.1 Summary 

The main objective of this study was to identify the main determinants of biogas technology 

adoption, and to examine the social, economic, and health benefits of adopting biogas 

technology. This section summarizes the main findings of the study. The rate of adoption of 

biogas technology has been found low among rural households. The Study identified a number of 

constraining factors that influence the adoption of biogas technology in the Alaba special district. 

Households having access to credit are more likely to adopt the technology than those without 

this chance. The educational level of the household head, heads of cattle, and distance to the main 

fuel wood source, income level, and number of cattle sizes also inference biogas technology 

adoption positively and significantly.  

Major 94% of Alaba special district biogas technology adopters use the energy generated from 

biogas for both cooking and lighting purposes. Due to the installation of biogas plant, there is an 

annual reduction of fuel wood consumption approximately 79.2 bundle of firewood (2534.4 kg) 

per year per household and provides each biogas household an equivalent saving of 11,880 Birr 

per year at the local rate of Birr 150 per 32 kg of firewood. On average, charcoal monthly 

consumption is also reduced by 78.9% implying that households were able to save about 95.6 Kg 

of charcoal or about 828 Birr monthly. 

 

All the surveyed households in Alaba special district used kerosene for lighting purposes, and on 

average them consumed about 2 L per month per household and 24 L per year. Each household 

spent Birr 38 and Birr 410.4 per month and per year, respectively. 

 

Biogas technology highly reduced the problem of health through the declined use of traditional 

biomass fuels. The biogas user respondents were requested to choose from the list of energy-

related health problems which they assumed declined following the adoption and use of biogas 

technology. Accordingly, eye diseases, respiratory problems like coughing and asthma, 

headaches, back pain are substantially reduced due to the adoption of biogas technology. The 
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outcomes of biogas technology were involved in reducing the overall household workload by 

18.3 hours per week (2.6 hours per day). 

5.2. Conclusions 

 
This study was conducted to address the determinants of biogas technology adoption in rural 

areas of Alaba's special district. Based on the literature revised, the data collected, and analyses 

made, the findings obtained and discussions are made to develop important conclusions that can 

be drawn as follows: Analysis showed that key elements of biogas technology adoption are very 

low. The main notion of this study was to identify determinants of biogas technology adoption in 

the aforementioned study area. Moreover, the work aimed to assess the role of technology in 

generating socio-economic and environmental benefits for smallholders. The study was done by 

taking the data from 316 sampled households selected using systematic sampling techniques. 

Both descriptive statistics and binary Logit models were used to analyze the primary data. 

Adoption of biogas technology in the study area is significantly determined by factors such as 

access to credit, livestock size, annual income, educational level, age of the head, family size, 

gender, distance to woods and water sources. The households mainly adopted the biogas 

technology to use the energy obtained from it for cooking and lighting purposes. Due to the 

installation of biogas plant and households are able to reduce their fuel wood consumption 

approximately by about 79.2 bundle of firewood (2534.4 kg) per year per household and provides 

each biogas households an equivalent saving of 11,880 Birr per year at the local rate of Birr 150 

per 32 kg of firewood. Moreover, biogas adopters are able to reduce different health problems 

that are occurred with the use of traditional biomass fuels. Using biogas technology also helps 

households to reduce their workloads by about 18.3 hours per week (2.6 hours per day). 
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5.3. Recommendations 

 

The findings of the study show that adoption of biogas technology in the study area is very low 

even though the technology has important economic, health and environmental benefits for the 

users; therefore, to improve this, the following recommendations are forwarded:  

 

❖ For further promotion of the biogas technology, attention should be given towards 

            empowering females and female-headed households, improving educational levels of the 

household heads, and households’ access to credit and income levels. 

 

❖ Biogas being a new technology to farmers, provision of timely user training to each 

biogas user household involving women and children should not be compromised.. 

 

❖ Specified that the adoption process begins with composite communications between users 

and the social-economic factors, it is necessary to understand these interactions from areas 

where it has been successfully adopted and to create similar environments in areas where 

adoption is low. Exchange visits for non-adopter farmers to adopter farmers’ plants are 

recommended. 

.  
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7. APPENDICES 

 

 

Appendix A: Semi-Structured Interview Questionnaire Prepared For Biogas Adopter And 

Non-Adopter Sample Households. 

District ___________________ Interviewer’s Name _______________ 

Kebele _______________ Date of interview________________ Code of sample household 

_______ Interview starting time __________  

The purpose of this questionnaire is to collect data for the master thesis research. You are one of 

the respondents selected to participate in this study. It is very crucial to give the correct and 

complete information to represent the finding on the current status of the Determinants of 

Adopting Biogas Technology in Rural Areas in Alaba District.  

Your participation is entirely voluntary and the questionnaire is completely anonymous. Finally, I 

confirm that the information that you share me will be kept confidential and only used for the 

academic purpose. No individual’s responses will be identified as such and t he identity of 

persons responding will not be published or released to anyone. 

Thank you very much for your kindly cooperation and for dedicating your time. 

Part I. Demographic Characteristics of the Sample Households 

1.1. Gender of household a) Male b) Female 

1.2. What is your age in year ______? 

1.3 Marital status  a) Single b) Married c) Divorced d) Widowed 

 

Appendix Table 1. Demographic Characteristics of the Sample Households 

 

Age (years) Male Female 

1-15   

>15-30   

>30-50   

>50   

Total   
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1.4. What is your level of education? ––––––––– 

a) Uneducated b) Primary school (1-8) grade  c) Secondary school (9-12) grade 

d) Above grade 12 

Part II. Sample Households’ Assets and Income Sources 

3. Size of total farmland owned in hectare ___________ 

Size of rented /share cropping farmland/ in hectare ________ 

4. Size of backyard in hectare ___________ 

5. How do you rate the availability of grazing lands vis-à-vis the size of the 

locality? a. Enough b. Medium c. Not enough 

6. If you sold ox/oxen, why did you sell? ____________________________ 

7. Average monthly income (birr) from the sale of livestock products: 

Part III. Access to Water Resource 

8. Which is/are your main water source(s)? 

a. Private well water b. Private hand pump water c. Private tap water 

d. Community well water e. Community hand pump water f. Spring water 

g. River water h. Pond water i. Others, specify _____________ 

9. On average, how many minutes walk does your main water source take from home? 

______ 

10. Is (are) your water source(s) sufficient and reliable? a. Yes, b. No 

Part IV. Impacts of Biogas on Gender and Social Conditions 

11. Do you think the use of biogas saves time? a. Yes, b. No 

a. If yes, in terms of saving time, what are the main benefits of biogas installation? 

a. Children have been enrolled in school 

b. Reduce workload and stress for women and children 

c. Enable women to have more time for agricultural work 

Part V. Impacts of Biogas on Health and Sanitation 

12. Have the household members ever faced any health problems associated with the use of 

fuel 

energy? a. Yes, b. No 
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13. If yes, for Q. 70, which health problem(s) has (have) faced your household member(s). 

a. Eye diseases due to smokes b. Coughing 

c. Difficulty of breathing d. Burning accidents 

e. Injury/violence during collection f. Back pain due to loading 

g. Headache due head-loading h. Others, specify _________________ 

14. How do you evaluate the condition of energy-related health problems in your household? 

Members after the installation of biogas? a.Increase  b. Decrease c.No change 

15. What made you acquire the technology? (What reasons influenced your decision to 

install?) 

16. What social, economic, financial and environmental benefits does the biogas give to you?  

Life before the acquisition of biogas 

17. How was life before you started using biogas? 

18. What source of energy were you using for cooking, lighting, etc? 

19. .If firewood, approximately how much in a month (in kg)? 

20. How much time in a week was devoted to collecting firewood? What was the source? 

21. How much money was used on firewood in a month? 

Charcoal ………. Kerosene………….. Firewood ……………… 

22. Who mostly used to be involved in fuel gathering and collection? 

 

Part VI. Financing Biogas Construction, Subsidy and Access to Credit 

23. How much Birr did you spent for the construction of biogas? __________________ 

24. What was/were your source(s) of financing biogas construction? 

a. Own cash saving b. Microfinance c. Bank 

c. Individuals (local lenders, friends, relatives, etc) d. others, specify _________ 

25. If you borrow either in cash and/or in kind for your biogas construction: 

26. What is the total money (Birr) you borrow either in cash or kind? ______________ 

27. What is the interest rate per year (Birr)? ________________________________ 

28. How much debt do you have now? __________________________________ 

29 What is the payback period? __________________________________________ 

30. Do you think installation of biogas is financially feasible? a. Yes b. No 
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31. For your biogas construction, please list your contributions and government supports 

Life after the acquisition of biogas 

32. How is life generally after the installation of biogas? 

33. Has your life and that of your family changed in any way? Please explain……………. 

34. What do you use the biogas energy for? 

35. How much gas do you produce? …………………. How many burning hours in a 

day........................ 

36. Is it sufficient to meet your energy needs………………………….. 

37. What benefits have you obtained from using the gas? Time-wise, financial, socially, 

environmental, children going to school, less smoky kitchens, etc. 

38. How much money if any do you spend on biogas now?  

39. What other sources of energy do you use apart from biogas? 

Type (firewood), the amount in a month, Time weekly, Money per month, source, etc 

 

User Satisfaction and Post Installation Behavior For how long have you been using the 

biogas (in months?) 

40. Is your biogas plant functioning? 1= Yes, 0= No 

41. Are you satisfied with the functioning of the plant 1= Yes,0= No 

If yes, what are the reasons for satisfaction?  (Answers can be more than one) 1= Enough gas 

for cook/lighting, 2= Trouble-free functioning of plant, 3= Easy cooking/lighting, 4=Economic 

benefit such as saving money, 5= Health benefits (no smoke), 6= Social benefits such as prestige, 

7= Environmental Benefits (less firewood), 8= Workload reduction, 9= Food cooked in gas is 

more tasty, 10= Others (specify). 
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Appendix Table 2. Firewood sources and acquisition 

 

Firewood 

sources 
 

Before Installation of Biogas 
 

After Installation of Biogas 

Amount in 

kg 

(weekly) 

Time 

spent 

sourcing 

(hours in 

a week) 

Average 

Distance 

collection 

Price 

Amount in 

kg (weekly) 

Time 

spent 

sourcing 

(hours 

in a 

week) 

Average 

Distance 

collection 

price 

Collected 

from forests 

        

Collected 

from private 

land 

        

 

3. Energy consumption and savings 

Appendix Table 3. Energy consumption and saving 

 

Energy 

type 

Average monthly consumption 

Total 

amount 

% used 

for 

cooking 

% used 

for 

lighting 

Others 

specify 

Total 

amount 

% used 

for 

cooking 

% used 

for 

lighting 

Others 

specify 

Firewood 

(kg) 

        

Charcoal 

(kg) 

        

Kerosene 

(liters) 
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Appendix Table 4. Fuel sources and consumption patterns 

 

Firewood 

sources 

Amount in kg  

(weekly) 

Time spent 

sourcing (hours 

in a week) 

Average distance 

to collection 

price 

Collected from 

forests 

    

Collected form 

private 

    

Purchased     

 

5. Health and sanitation 

 

Appendix Table 5. Health and Sanitation 

 

Major Health 

Problems 

Major victims [1= 

Male adults, 2= female 

adults, 3= Male 

children, 4= female 

children,5= infants less 

than 5 years] 

Frequency per year Average Health 

Expenses per year 

Coughing and other 

respiratory problems 

   

Eye diseases    

Diarrhea/Dysentery 

Burns 
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Appendix Table 6.Time savings and the Social Economic Implications 

 

If saving time, how much time on average do you save in 

a week (hours)? 

 

Does the use of biogas energy save you time? 1. Firewood gathering 

2. Cooking and heating 

3. Other………………. 

4. No time saved at all 

What do you do with the saved time that you did not do 

before 

1. Farming  

2. Feeding livestock 

3. Children go to school 

4. Fetching water 

Has biogas technology been useful to your family, and if 

yes, how has it improved your household life? 

 

 

 

 

 

 

 


