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Abstract

:

Increasing clean energy access for the rural population of developing countries is a priority to meet the United Nation’s Sustainable Development Goals-Zero hunger and affordable modern/clean energy for all. Similarly, to meet this goal, Ethiopia moved towards the development of renewable energy. However, there is a limited knowledge on the biomass energy potential for biogas technology adoption at the local/district level. Thus, this study aimed at assessing the biomass energy potential for biogas technology adoption and its determinant factors among rural households in Limmu Kossa district, Ethiopia. Data was collected from 411 households from 13–24 June 2021. The quantitative data was analyzed using Statistical software Package for Social Science (SPSS) version 23 and Microsoft Word-Excel. The qualitative data was analyzed using content analysis. The study showed that over 96% of households rely on the traditional use of biomass energy for cooking. Nevertheless, on average, about 1 m3 of biogas energy can be potentially available from livestock dung and human excreta per household per day. However, the huge potential of biomass energy did not contribute to improved energy technologies such as biogas. The adoption of biogas is hampered by the non-functionality of the installed biogas, a lack of awareness, the availability of firewood, and the socio-economic characteristics of the households. Thus, improving the awareness of the community, arranging financial access, and training biogas technicians, especially from the local community, would increase the adoption of the technology. However, meeting the digester water demand with the water collected from the walking distances of 15–20 min can be challenging. Community-based biogas digesters or biogas involving income generation with a water supply around the digester would be a better and more sustainable option for biogas energy adoption and use.
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1. Introduction


Energy plays an important role in attaining sustainable and inclusive growth both in low- and high-income countries. An increase in coverage of energy services plays a crucial role in the country’s promotion of economic growth, health improvement, poverty reduction, competitiveness enhancement, and gender balance [1]. On the other hand, it is expected that global energy demand will continue to increase with an increase in population and the expansion of energy-dissipative economic activities [2]. To address the high demand for energy, there is a need for clean and renewable energy technologies to mitigate climate change by reducing greenhouse gas emissions in the long term. To meet the energy needs of rural areas in an environmentally sustainable way, harvesting renewable energy in a decentralized way is one of the options that would improve their wellbeing and economic prospects for potential global investment [3].



Around 3 billion people cook using open fires or simple stoves that burn polluting fuels such as wood, charcoal, animal dung, crop waste, coal, and kerosene [4]. About 2.5 billion people in developing countries depend on biomass for basic energy, which includes coal and animal dung cakes since they are readily available [5]. But in Africa, despite the availability of various energy sources, more than 80% of the total population in most countries still relies on traditional biomass as the main source of energy for cooking [6].



Biomass energy is a large renewable source with the potential to contribute to the world’s energy needs. It contributes between 10 and 14% of the world’s primary energy, including about 3% of the world’s transport, but has the potential to contribute up to 30–40 +% in 2050, depending on the source [7]. Many developing countries still rely on biomass energy. In Kenya, most households rely on charcoal conversion kilns, charcoal stoves, and woodlots, where it meets about 70% of Kenyans national energy requirements [8]. Similarly, in Pakistan, traditional cooking stoves utilize 80% of the bioenergy, resulting in 64% of biomass cooking and 86% of total biomass energy in the household sector [9].



Ethiopia has one of the world’s poorest accesses to modern energy supplies. With more than 80% of Ethiopia’s population residing in rural areas and heavily reliant on agriculture; the primary source of energy for this rural population is biomass, accounting for approximately 87% of total energy supply [10]. However, the country has largely untapped renewable energy resources. Ethiopia has 141.8 million tons of estimated exploitable biomass potential, with a current 70.9 million tons of exploited biomass potential [11]. The current level of electricity access is quite low in Ethiopia. In urban areas, 87% of the population has access to electricity [12], while only 5% of the rural population has access to electricity [13]. The annual theoretical hydro energy potential of the country was estimated at 954 TWh, out of which its geographic potential is 286 TWh [14]. The abundance of solar energy resources is estimated to be about 5.2 kWh/m2/day [14,15]. Estimation at a country level also shows the adequacy of exploitable biomass energy potential from different sources [11].



Relying on biomass energy sources causes problems, especially household air pollution, which increases the risk of acute lower respiratory infections in children under five years old among others [16]. Several studies have reported the effect of non-renewable energy on environmental pollution. Non-renewable energy increases environmental stress through increases in CO2 emissions, suggesting that renewable energy is the best alternative to non-renewable energy for mitigating the level of energy-related pollution [17,18]. In addition, it is documented that biomass energy use exposes users to physical and psychological health challenges [19].



Ethiopia is gradually moving forward with reducing its reliance on non-renewable energy sources and shifting power to a clean and renewable energy supply. Currently, the country’s energy demand is increasing due to its fast-growing economy and flourishing infrastructure [10]. Thus, finding an alternative energy source and understanding determinant factors of biogas technology adoption is crucial.



Biogas is the emerging bio-energy in the rural areas of Ethiopia through biogas development, Biogas in rural households could provide a more sustainable energy source than wood fuels. Understanding its importance, Ethiopia established a national biogas program since 2007 [20]. In Ethiopia, biogas is mainly used for cooking. Biogas can also be used to power internal combustion engines, refrigerators, or radiant heaters, yet their application is even less widespread than lighting or cooking. As a result of biogas adoption in Northern Ethiopia, the fuel wood and charcoal consumptions were significantly reduced [21].



Understanding the importance of biogas technology, the National Biogas Policy of Ethiopia introduced and promoted the implementation of biogas technologies in rural areas. However, there is a huge burden on women and children, who spend up to 10 h a week gathering wood in rural areas [22]. This is partly because; there is relatively low adoption of biogas technology in developing countries in general and in Ethiopia in particular. The barriers contributing to the low adoption of biogas technology as a source of energy, especially in rural areas, are not well documented [23].



The ever-increasing demand for woody fuel and the inefficient household biomass energy utilization, which results in a huge amount of energy loss during cooking and heating, are the main causes of the subsequent degradation of woody biomass and environmental degradation in the country [24]. This is because modern fuel devices are either unavailable or unaffordable, especially for rural and poor urban people. Hence, with the increasing cost of fuel wood, households are forced to increasingly rely on lower-quality combustible materials such as dung and crop residues. Even worse, in areas experiencing a shortage of grazing lands, most of the crop residues must be devoted to animal feeds [25].



Ethiopia has a biomass energy potential of around 101,656.77 Tcal (equivalent to 118,125.17 GWh) from wood, crop residues, and cow dung, of which crop residues and cow dung account for 27% (14% dung and 13% residues) [26]. The potential of dung energy potential is around 0.55% of the global biogas energy potential from available livestock manure from cattle, buffaloes, pigs, and chickens [27]. However, the potential for biomass energy varies from place to place because of population density, household biomass sources, access to improved energy technologies, the availability of land, and common resource pools. Hence, it is imperative to study the potential of biomass energy resources, consumption patterns, and accessibility to improved energy technologies and identify the challenges and opportunities of adopting improved energy technologies, considering local contexts. Moreover, socio economic factors play a significant role in biogas adoption [28]. On the other hand, it is documented that socioeconomic and demographic factors hinder the adoption of domestic biogas energy technologies in different parts of rural areas in Ethiopia [29,30]. These are not the only factors determining the adoption of modern energy technology in general, and biogas in low-income countries with huge resource scarcity and sociocultural factors is strong. However, none of the previous studies has considered Limu Kosa district, which is a cash crop-producing area with households that have the potential to afford biogas installation. This study wishes to contribute to the existing literature by analyzing the biomass potential at the local level and the determinant factors of adopting biogas technology and, hence, suggesting the sector improve adoption of the technology. Hence, understanding the potential of an area and identifying factors that determine biogas use is crucial to devising enabling policies and taking sustainable action to enhance the adoption of improved energy technologies. Thus, this study aimed at assessing the potential of biomass energy, its consumption pattern, and the challenges of adopting improved energy technologies in rural areas of Limmu Kossa woreda, Ethiopia.




2. Materials and Methods


2.1. Survey of the Households


The study was conducted in Limmu Kossa woreda, Jimma zone, Oromia national regional state, Ethiopia. The administrative center of the woreda is Genet, which is located 75 km west of Jimma town and 426 km southwest of Addis Ababa. Limmu Kossa woreda has 44 kebeles with a total households of 47,511 and a total population of 228,054 (projected population from CSA, 2007). The woreda is among the woredas with low electric supply coverage, with a 10.4% [31].
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This study considered a comparative study involving biogas adopters and non-biogas adopters of the woreda. The sample size for the non-biogas adopters was determined using a sampling technique developed by Cochran (1977) by considering a 95% confidence interval, a population proportion of 50%, a margin of error of 5%, and 10% compensation for the non-response rate, thus providing 424 households. The woreda has 32 households that have adopted biogas plants and thus has considered all of them for the comparative analysis. Accordingly, 424 non-biogas adopters and 32 adopters, for a total of 456 households living in Limmu kossa woreda were considered for the study. The study households were selected using systematic random sampling and purposive sampling techniques. First, Limmu Kossa woreda was purposefully selected considering its potential to promote improved biogas technology, and then four kebeles were selected randomly from the 44 kebeles in the woreda. A systematic random sampling technique was used to select the 424 non-biogas adopter households from the 4782 households of the four kebeles based on the list of households obtained from the woreda administration office. The first household was determined by the lottery method, and the remaining households were selected at intervals of 11 households until the sample size reached 424. All 32 biogas adopter households in the woreda were purposefully included for comparison with non-adopter. Table 1 shows the list of kebeles and the proportion of households selected from each bebele.



This study used both quantitative and qualitative approaches to gather information. The primary data on demographic, socio-economic characteristics, institutional, and biophysical situations of the sample households were collected through a semi-structured questionnaire, field observation, and interviews with key informants and FGD participants. The key informant interview was made with the woreda water and energy office, the woreda environmental protection, forest, and climate change authority, the woreda agriculture and rural development office, health extension workers, agricultural development agents, and the FGD involved members of biogas user household head, improved cook stoves producers, and the woreda water and energy office renewable energy team leader, considering gender and age diversities. Additional secondary data was obtained from existing literature and relevant documents from woreda/district offices. Prior to data collection, an ethical approval was obtained from the Jimma University Institute of health institutional review board, and a letter of permission was sent to the woreda and kebeles office. Confidentiality of the information from the study participants was ensured through verbal consent and the voluntary involvement of the study participants. Households were given the chance to leave the study if they were not interested or did not want to give their information. In that case, the next households were considered and kept the same sampling interval.



The quantitative data collected through the survey was analyzed using SPSS v.21 and presented using descriptive frequencies and a logistic regression model. The logistic regression model is used to determine factors affecting biogas energy technology adoption. The logistic regression model is appropriate when the outcome variable is dichotomous, and the explanatory variables are of any type and are analyzed as follows.


Y = βo + β1X1 + β2X2 + β3X3 +…+ βnXn + εi











Y is dichotomous outcome variable, Y = 1 for bigas energy technology user otherwise Y = 0, implies non-biogas users. Xi represents explanatory variables that can affect the household’s decision to adopt the technology. This study adopted this empirical model as used in [32], where βo represents the constant with X1 + X2 + X3 + … + Xn (explanatory variables) affecting the probability of biogas energy technology adoption; βo + β1 + β2 + … + βn represent the estimated coefficients; and εi stand for the error term. Hence, the model is appropriate to analyze the relation between biogas technology adoption and socio-demographic and economic variables as follows: Y = βo+ β1X1 + β2X2 + β3X3 + β4X4+ β5X5 + β6X6+ β7X7 +β8X8 + ε. Where, Y = Adoption of biogas technology. Β0 = Constant βi = Independent variable coefficients X1 = Gender of household’s heads, X2 = Age of household heads X3 = Education Level of household heads, X4 = Household family size, X5 = Income, X6 = Number of livestock animals, X7 = Availability of firewood, X8 = land size and ε = error term.




2.2. Estimation of Biomass Energy Potential


The potential for biomass energy for biogas production was determined based on the specific biomass categories. The estimation of human waste production potential was made for the selected households based on their family size and average daily feces and urine production per person, as presented in the literature [33]. The quantities of wet human excreta per capital reported in the literature vary from 250 g/cap/day in low-income countries to 126 g/cap/day in high-income countries. This study considered 250 g/cap/day of feces, assuming a dry matter content of 25%, 1.5 L/person/day of urine, and a family size of 5.6 per household. Accordingly, a person produces, on average, about 0.2 m3/kg of biogas [33]. The potential for biogas energy from livestock animals varies depending on their feed contents, size, and types. This study considered 4.5 kg/day/cattle, 1 kg/day/head of sheep and goats and 0.08 kg/day/head of chicken based on literature information, with a dry matter (DM) of 16.7%/kg, 30.7%/kg and 50%/kg for cattle, sheep/goats, and chickens, respectively [34,35,36]. Accordingly, this study estimated an average biogas yield of 0.24 m3/kg DM, 0.37 m3/kg DM for sheep/goat and 0.4 m3/kg of DM for chicken. Hence, the daily and annual potential for biogas energy potential of the areas was calculated by considering the daily potential biomass, biogas yield per kg of biomass, and number of animals. The estimation for crop residues was made based on the cultivated land, cereal crop yield, Residues to Product Ratios (RPR) of specific crops, and the estimated collectable proportion of the residues and its biogas yields [37].





3. Results


3.1. Socio-Demographic and Economic Characteristics of the Respondents


The data was collected from 411 households with a 96.93% response rate, and of all the 32 biogas adopter households, 16 households from the non-biogas adopters were neither volunteers nor at home during the data collection time. The summary of socioeconomic and demographic characteristics of biogas technology adopter and non-adopter households is presented in Table 2.



The study result showed that 15.6% of the biogas technology adopters never attended school, whereas 46.9% and 37.5% of adopter household heads had primary and secondary education, respectively. 9.4% of biogas adopters and 23.8% of non-adopter households had a family size ranging from 7–9 persons. Most biogas-adopter household heads (68.8%) were between the ages of 35 and 44. The study revealed that 62.6% of adopters and 48% of non-adopters’ households had 5–8 cows, and the majority (62%) of biogas adopter households had more than 5 cows. None of the households with less than 1 hectare of land adopted biogas technology. 41% and 53% of biogas adopters were those with landholding sizes of 1.6–2 ha and >2 ha, respectively. In addition, 40.6% of the biogas adopters are from households with an annual income above 90,000 ETB. The majority of the non-biogas adopters are in the lower income ranges; only households with above 50,000 ETB adopted the biogas technologies (Figure 1).




3.2. Types of Household Energy Usage Patterns and Cooking Appliances in the Study Area


Households were asked about the types of fuel sources for baking injera and stew and lighting. The types of fuel used for cooking and lighting are presented in Table 3. The dominant source of energy used for baking injera was firewood, which accounted for 85.4%. Only 11.2% use firewood and crop residue, and 3.4% use electric power for baking Injera. Only a few households depend solely on electricity for their cooking. The study also found that most households (87%) used firewood and crop residue for making stew and coffee. The remaining 9.8% and 2.5% of households used charcoal and electric power, respectively. Regarding types of cook stoves, the majority of the respondents 363 (88.3%) of them use three stone stoves and a few of them 48 (11.7%) used improved cook stoves. For lighting purposes, 283 (68.9%) used solar energy, 98 (23.8%) of them used kerosene, and the remaining 24 (5.84%), 3 (0.73%), and 3 (0.73%) respondents used electric power and candles, firewood, and biogas for lighting, respectively. Most respondents still rely on traditional three-stone stoves (363 (88.3%)) for cooking, and only 48 (11.7%) of them use improved biomass cook stoves and electric stoves for cooking.




3.3. Household Annual Energy Consumption Pattern


The study shows that (Table 4) households responded that, on average, they collect firewood 2.25 times per week. This implies that 2.25 loads of firewood were consumed per household per week in the study area. By considering the 25 kg weight of one load of firewood, about 56 kg of firewood were consumed per week by the household. On average household consumes about 2952 kg of biomass (firewood, crop residue, charcoal, and animal dung), 18.2 L of kerosene, and 18.2 KWh of electricity per year.




3.4. Sources of Firewood and Distance Traveled for Collection


Table 5 shows the distances traveled by the households for firewood collection in one-way trips. Accordingly, 26.5% of households traveled <2 km, the majority of them (66.6%) traveled 2–4 km, and a few of them (6.8%) have traveled greater than 4 km to collect firewood. Households were asked about the sources of biomass fuel used for domestic consumption. Accordingly, 51.1% of the households reported that they collect firewood from trees on farmland, followed by 39.0% collecting from public forests, and about 3% of the respondents responded that they purchase their firewood.




3.5. Households’ Biogas Energy Potential


3.5.1. Biogas Potential from Animal Dung


Data on the number of cows, goats, sheep, and chickens was collected during the household survey. The average number of cows, goats, sheep, and chickens per household in the study area was 5.3, 0.24, 2.7, and 4.4, respectively (Table 6). The annual total dung collected from each animal was calculated by multiplying the total production per year by the number of heads of different animals.



The expected biogas potential from animal livestock manure was 11.2 tons/day and its biogas production capacity is 549 m3/day. This implies that the available livestock’s manure potential can generate 1.3 m3 of biogas per day at each household. By considering the collection efficiency of 80% for cattle and 50% for chicken, goat, and sheep manure, households can produce 8.54 ton/day and generate daily about 393 m3 biogas. From this, it can be concluded that the available livestock biogas energy potential in the study area can generate 0.96 m3/household/day.




3.5.2. Crop Residue Energy Potential in the Study Area


The average land size per household was obtained from the corresponding household survey, which gives an average farmland size of 1.63 hectares per household. The estimation of crop residue for energy sources was quantified by assuming 40% collection efficiency. Accordingly, the collectible (technical) crop residue biomass energy potential was 1146 tons. This implies that annually, 2.8 tons of technical biomass energy can be generated from crop residues at each household. The annual cereals crop residues potential is presented in Table 7.




3.5.3. Human Waste (Urine and Feces) Potential for Biogas Production


The expected biomass energy potential from the human feces of sample households was 0.58 tons/day and its biogas production capacity is 29 m3/day. This implies that it is possible to produce 0.07 m3/household/day biogas from human feces. However, due to the movements of people from place to place, the collection of human waste for energy would be difficult. By considering 60% of the collection efficiency of human feces and urine, it is possible to produce 0.042 m3 of biogas per household per day. On average, 1.5 L of urine can be produced per person per day, or 5 L collectable urine per household per day which can be used for biogas production and agricultural purposes. The potential for human waste based energy is presented in Table 8.





3.6. Water Sources and Distance Traveled for Its Collection


The study found that the dominant source of water for about 89.8% of sample households was spring water, and only 9% of the households have access to public standing pipe water. Moreover, about 68% of the households have access to water sources within a walking distance of less than 1 km for a one-way trip. The sources of households’ water supply and distance to water sources are presented in Table 9.




3.7. Reasons for Not Adopting Biogas Technologies


Non-biogas adopters have asked why they did not adopt biogas technologies. Accordingly, 25.8% of the households responded that they had information about the importance of biogas but were not interested in adopting it. They reported that they prefer solar energy to biogas. The reasons they cited for not adopting the biogas technology include a lack of cattle, the high cost of biogas installation, and the nonfunctioning of biogas technology installed by neighbors. Furthermore, 74.2% of the surveyed households have no prior information about biogas technology and its benefits. Nevertheless, 17.4% of the households have an interest in adopting biogas technology, but they raised the issue of a lack of access roads to supply construction materials. About 43% reported that they do not have information about the procedures to construct biogas plants; 28.5% complained about the high installation cost; and 11.1% raised the problem of a lack of labor for its daily operation (Table 10).



Moreover, the local water and energy office responsible for household energy supply also supported the lack of transportation facilities for the promotion of the biogas technology, the inadequacy of the budget to provide material support for households, and the lack of after-sale service for non-functional biogas maintenance. An increase in the costs of construction materials was also raised as one of the main problems affecting the adoption of biogas technology. Moreover, 34.4% of the installed biogas was not functioning during the survey. Accordingly, 72.7% of the households reported a lack of maintenance services, and 27.3% reported a lack of accessories for their maintenance. Moreover, a field observation during the survey showed that 25 (78.1%) of biogas users do not use bio-slurry for fertilizer, and 27 (84.4%) did not get sufficient technical support from the agricultural development agent to use the bio-slurry for fertilizer. Figure 2 showing the status of installed biogas technologies in the study areas.



The results from the multi-regression show that household family size, gender, educational level of the household, annual income of households, distance traveled to firewood collection, the number of cattle, and age of the household were the main determinant factors for biogas adoption.



Multi linear regression results presented in Table 11 show the statistical significance of the association of biogas technology adoption with gender (p = 0.019), educational level (p = 0.006), household income (p = 0.000), availability of firewood in nearby places (p = 0.007) and age of the household (p = 0.047). Household family size, number of cattle, and land holding size did not show a significant statistical association with households’ adoption of biogas.





4. Discussion


This study evaluated the household’s energy consumption pattern, the household’s biomass energy potential, and the situation for adoption of biogas energy technologies. The study shows that over 96% of households rely on the traditional use of biomass energy for cooking, and over 65% of them collect firewood by travelling 2–4 km. These have significant implications for the socioeconomic conditions of households and the local environment. Particularly, women who shoulder household chores are at a disadvantage and deprived of several social and economic opportunities. However, the majority of households have sufficient biomass energy resources that can be used for improved biomass energy technologies such as biogas. It has been shown that households, on average, can technically produce 1 m3 of biogas per day from different biomass energy sources. This amount is sufficient to light a 60–100-watt bulb for 6 h, can cook three meals for a family of 5–6, replace 0.7 kg of petroleum, run a one-horsepower motor for 2 h, and generate 1.25 kWh of electricity [38,39]. 1 m3 of biogas can replace 5.56 kg of firewood per day, or 2029 kg of firewood per year. Accordingly, this amount can satisfy about 70% of the household’s biomass energy demand for cooking (Table 4). Moreover, if all the available biomass energy potential of the study area can be converted to biogas energy, it can save about 9600 tons of firewood from the study area. This indicated that biogas also reduces the increasing deforestation occurring due to heavy firewood consumption. Therefore, using the existing resource for biogas energy can reduce 69% of end-user emissions and deforestation due to firewood consumption.



The adoption of biogas technology in households would directly contribute to the attainment of different SDGs in addition to SDG 7. Biogas technology can reduce the heavy dependence of households on biomass-based energy sources by providing readily available gas for cooking, lighting, and powering elementary electric appliances with minimal emissions. The use of biogas slurry for fertilizers can improve soil nutrients, increase productivity, and contribute to SDG 2. Furthermore, in addition to increasing soil productivity, it can save households expenditure for inorganic fertilizers. This will improve food production, reduce hunger and malnutrition, and enhance sustainable agricultural practices. The substitution of firewood by biogas can reduce indoor air pollutant emissions and improve health, especially for women and children who spend a lot of time in the kitchen, thus contributing to SDG 3. Anaerobic digestion can eliminate pathogens from waste and contribute to SDG 6 by reducing the burden of wastewater discharged into water bodies and ensuring water availability for other uses. The use of biodegradable waste as a biogas energy source reduces the amount of nutrients that would have caused environmental pollution in water bodies, thus contributing to SDG 15.



Ethiopia, being an energy-deficient country, has a strong interest in the development of its abundant renewable energy resources [40]. Moreover, it was suggested that the dire energy needs of the country can be addressed by decentralized bioenergy generation [41]. Apart from reducing energy poverty, biogas technology has substantial economic, environmental, health, and social importance. However, adoption of biogas technologies can be affected by several factors, as indicated in our results (Table 11). It has been shown that household gender, level of education, annual income, and distance to firewood collection were the main determinant factors for biogas adoption. Previous studies also reported family size [42,43], gender [44], level of education [45], household income [45,46], distance to firewood source [47,48], number of cattle [49], and land holding size [50] as main determinants for biogas technology adoption. This implies that access to biogas technology requires an overarching policy and strategy to alleviate these problems and enhance its adoption.



Our study did not show a statistically significant association between household family size and the adoption of biogas technology. A previous study also reported a mixed influence of family size on bio gas adoption [43]. It is believed that more family members are important for the operation and maintenance of the biogas plant. However, the insignificant effect of family size on the adoption of the biogas technology in the study area might be explained by the reliance on daily laborers rather than family members. Since the study area is a cash crop producing area, the family members might engage in different activities than biogas operations. However, one of the main challenges to biogas adoption and operation is its labor costs. In particular, a biogas operation involving dung, water, and slurry collection is labor-intensive and may not be feasible in rural areas where household members have a lot of task division and responsibilities [51].



The adoption of biogas technology can be negatively or positively affected by the gender of the head of the household. Several studies have shown that gender plays a crucial role in the adoption of biogas technology [22,44,52]. Our study revealed that all the household heads of biogas adopters are male headed. This might be because men are decision-makers in economic activities in general and energy plant adoption in an area. Similarly, a previous study conducted in Ethiopia showed that male-headed households were more likely to adopt the technology than female-headed households [22,53,54]. In contrast, one of the previous studies showed the significant influence of female-headed households decisions on biogas plant installation [28]. The decision of the household to adopt biogas technology could be linked to their ability to afford the costs of its installation. Our study showed the significant effects of a household’s annual income on biogas adoption. This is supported by previous studies showing the significant association between household income and biogas technology adoption [46,54,55]. This might be due to the fact that high income facilitates the adoption of biogas technology, which requires a high initial cost for the installation of biogas digesters [56,57,58]. Availability and distance to fuel wood sources thus positively influence the adoption and utilization of biogas technology [58]. The result of our study shows that the availability of firewood in nearby places had a significant effect on biogas technology adoption. Similarly, a previous study showed that adoption of biogas technology was positively correlated with the availability of firewood [20,28,52]. This implies that households having access to free biomass energy collected from common sources may not be interested in paying for improved energy technologies.




5. Conclusions


The majority of the households in the study area depend on the traditional use of biomass energy for cooking. Heavily relying on the traditional use of biomass energy has huge socioeconomic and environmental implications. Nevertheless, the majority of households have sufficient biomass energy sources that could be converted to biogas and used for cooking. However, several factors are still restricting households from adopting biogas technologies. Biogas technology is more likely to be adopted by households with better socio-economic status and available resources. Households with a higher income can afford higher initial investment costs and costs of maintenance. Increasing all household income within a short period of time to afford biogas technology may not be realistic and feasible. However, connecting biogas energy technology with households’ income-generation activities would likely contribute to both increasing income and the adoption of biogas technologies. Therefore, this study suggests that the government should work on improving the adoption of biogas technologies through connections to income generation activities based on the local socioeconomic context. Moreover, improving the awareness of the community, arranging financial access, and training biogas technicians, especially from the local community, would increase the adoption of the technology. In addition, future research should evaluate the cost effectiveness of such technologies to convince the community to adopt the biogas technology.
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Figure 1. The annual income of biogas adopter and non-adopter households. 
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Figure 2. Status of installed biogas in the study area. 
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Table 1. Sample size distribution in each sampled kebeles.
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	Sampled Kebels
	Total Households
	The Proportion of Sampled Households





	Chafe Elfata
	1179
	105



	Dengaja Sole
	1741
	154



	Yatu Tirgi
	877
	78



	Kossa Geshe
	985
	87



	Total
	4782
	424










 





Table 2. Socio-demographic and economic characteristics of biogas adopter and non-adopter.
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Characteristics

	
Adopter of Biogas

	
Non Adopter of Biogas






	
Household gender

	
Frequency

	
Percent

	
Frequency

	
Percent




	
Male

	
32

	
100

	
387

	
95




	
Female

	
0

	
0

	
21

	
5




	
Educational level of Households

	

	

	

	




	
Never to school/illiterate

	
5

	
15.6

	
180

	
44.1




	
Primary school

	
12

	
37.5

	
92

	
22.6




	
Secondary education

	
15

	
46.9

	
131

	
32.1




	
Post-secondary school

	
0

	
0

	
5

	
1.2




	
Household family size

	

	

	

	




	
1–3

	
5

	
15.6

	
100

	
24.5




	
4–6

	
24

	
75

	
186

	
45.6




	
7–9

	
3

	
9.4

	
97

	
23.8




	
10–12

	
0

	
0

	
23

	
5.6




	
>12

	
0

	
0

	
2

	
0.5




	
Age of household’s head

	

	

	

	




	
15– 24

	
0

	
0

	
0

	
0




	
25–34

	
4

	
12.5

	
70

	
17




	
35–44

	
22

	
68.8

	
101

	
24.8




	
45–54

	
5

	
15.6

	
110

	
27




	
55–64

	
1

	
3.1

	
69

	
17




	
>65

	
0

	
0

	
58

	
14.2




	
Number of cattle

	

	

	

	




	
1–4

	
1

	
3

	
154

	
38




	
5–8

	
20

	
62.6

	
197

	
48




	
>8

	
11

	
34.4

	
57

	
14




	
Land holding size (ha)

	

	

	

	




	
<0.25

	
0

	
0

	
26

	
6.4




	
0.25–0.5

	
0

	
0

	
94

	
23




	
0.6–1

	
0

	
0

	
120

	
29.4




	
1.1–1.5

	
2

	
6

	
71

	
17.4




	
1.6–2

	
13

	
41

	
53

	
13




	
>2

	
17

	
53

	
44

	
10.8











 





Table 3. Types of fuel used for cooking, lighting, and types of cookstoves.
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	Types of Energy Used for Baking Injera
	Frequency
	Percent





	Firewood only
	351
	85.4



	Firewood and crop residue
	46
	11.2



	Electric power and firewood
	14
	3.4



	Types of Energy used for cooking
	
	



	Firewood and crop residue
	358
	87



	Biogas
	3
	0.73



	Charcoal
	40
	9.77



	Electric power
	10
	2.5



	Types of energy for lighting
	
	



	Solar
	283
	68.9



	Kerosene
	98
	23.8



	Electric power and candle
	24
	5.84



	Firewood
	3
	0.73



	Biogas
	3
	0.73



	Types of cooking stoves
	
	



	Three stone stoves
	363
	88.3



	Improved cook stoves (mirt mitad) and electric stoves
	48
	11.7










 





Table 4. Household energy consumption pattern in the study area.
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	Sources of Energy
	Daily Consumption/Household
	Weekly Consumption/Household
	Annual Consumption/Household





	Firewood (Kg)
	8
	56
	2912



	Crop residue (Kg)
	0.08
	0.56
	29.12



	Charcoal (Kg)
	0.02
	0.14
	7.28



	Animal dung (Kg)
	0.01
	0.07
	3.64



	Kerosene (L)
	0.04
	0.28
	14.56



	Electricity (KWh)
	0.05
	0.35
	18.2










 





Table 5. Sources of firewood and distance traveled for collection (one-way trip).
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	Distance Traveled for Firewood Collection
	Frequency
	Percent





	≤2 Km
	109
	26.5



	2.1–3 Km
	137
	33.3



	3.1–4 Km
	137
	33.3



	>4 Km
	28
	6.8



	Sources of firewood
	
	



	Public forest
	160
	39.0



	Planted tree
	14
	3.4



	Virgin land
	15
	3.6



	Trees on farmland
	210
	51.1



	From market
	12
	2.9










 





Table 6. Potential of livestock manure for biogas energy production.
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	Livestock
	Ave. Fresh Dung kg/d/Animal
	Number of Livestock
	Total Fresh Manure (kg/d)
	Collectible Manure (kg/d)
	Total DM (kg/d)
	Biogas

(m3/kg) DM
	Total Biogas (m3/d)
	Total Biogas (m3/y)





	Cattles
	4.5
	2184
	9830
	7860
	1314
	0.24
	315
	114,975



	Sheep’s
	1
	1123
	1120
	560
	172
	0.37
	64
	23,360



	Goats
	1
	102
	100
	50
	15
	0.37
	5.6
	2044



	Chickens
	0.08
	1806
	140
	70
	21.5
	0.4
	8.6
	3139



	Total
	6.58
	5215
	11,190
	8540
	1523
	1.38
	393.2
	143,518










 





Table 7. Annual cereals crop residues potential.
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	Types of Crops
	Land Size (ha)
	Share of Land Coverage (%)
	Crop Yield (t/ha)
	RPR
	Theoretical Residues (t/ha)
	Collectible Crop Residues (t/ha)
	Collectible Crop Residue (t)





	Maize
	459
	62
	3
	1.4
	4.2
	1.7
	780



	Sorghum
	229
	31
	2.1
	1.5
	3.2
	1.3
	298



	Teff
	30
	4
	1.8
	2.3
	4.1
	1.6
	48



	Wheat
	7.4
	1
	2.1
	1.3
	2.7
	1
	7.4



	Barley
	7.4
	1
	1.8
	1.3
	2.3
	0.9
	6.7



	Other
	7.4
	1
	1.5
	1.3
	2
	0.8
	5.92



	Total/Av
	740
	100
	2
	1.5
	3
	1.2
	1146







Calculation based on (CSA, 2014); t = ton, ha = hectare, RPR = residue to product ratio.













 





Table 8. The potential for human waste energy from selected households.
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	Sampled Kebele
	Sampled Households
	Average Family Size
	Sampled Population
	Total Fresh Feces kg/day
	Total DM in kg/Days
	Total Biogas m3/day





	1
	Kossa Geshe
	84
	5.6
	470
	118
	30
	6



	2
	Dengaja sole
	150
	5.6
	840
	210
	53
	11



	3
	Yatu Tirgi
	75
	5.6
	420
	105
	26
	5



	4
	Chaffe Elfata
	102
	5.6
	571
	143
	36
	7



	
	Total
	411
	
	2301
	576
	145
	29










 





Table 9. Households’ average distances to water sources (one-way trip).
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	Sources of Water for Domestic
	Frequency
	Percent





	Spring
	369
	89.8



	Pipe
	37
	9.0



	Bore hole (birr)
	3
	0.7



	River
	2
	0.5



	Distance traveled to water sources
	
	



	≤0.1 km
	35
	8.5



	0.1 km–0.5 km
	112
	27.3



	0.6 km–1 km
	135
	32.8



	1.1 km–1.5 km
	116
	28.2



	1.6 km–2 km
	13
	3.2










 





Table 10. Households’ reasons for not adopting biogas technology.
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	Reason for Not Adopting Biogas Technology
	Frequency (Yes)
	Percent





	Having information about the benefits of biogas energy
	106
	25.8



	Reasons for not adopting biogas energy technology
	
	



	I prefer other energy like solar rather than biogas
	22
	20.8



	Lack of sufficient cattle
	12
	11.3



	The cost of biogas installation is high
	28
	26.4



	Neighbors’ biogas is not functional
	34
	32.1



	Access to electric power
	10
	9.4



	Challenges related to biogas adoption
	
	



	No accessible road to supply construction materials
	53
	17.4



	Lack of information about the procedures
	131
	43



	High installation cost
	87
	28.5



	Lack of labor for daily operation/feeding
	34
	11.1










 





Table 11. Factors determining adoption of biogas technologies.
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Variables

	
Unstandardized Coefficients

	
Standardized Coefficients

	
T-Test

	
Sig.




	
B Std. Error

	
Beta






	
Households Family size

	
0.12

	
0.014

	
0.034

	
0.859

	
0.391




	
Gender

	
0.189

	
0.068

	
0.046

	
1.307

	
0.019




	
The educational level of households

	
0.257

	
0.014

	
0.172

	
1.779

	
0.006




	
Income of households

	
0.31

	
0.005

	
0.298

	
6.269

	
0




	
Availability of firewood

	
0.371

	
0.013

	
0.099

	
2.722

	
0.007




	
Number of cattle

	
0.08

	
0.16

	
0.176

	
4.707

	
0.214




	
Land Size

	
0.19

	
0.007

	
0.535

	
14.199

	
0.146




	
Age of households

	
0.018

	
0.009

	
0.101

	
1.994

	
0.047
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