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Abstract
Rural households are highly dependent on biomass energy for their energy needs in Ethiopia in general and different kebeles of Megech watershed in particular, which aggravates environmental problems. Therefore, the study was conducted to assess the Biomass Energy Consumption of Rural Households in Megech Watershed, North Western Ethiopia. About 354 households were selected through stratified sampling technique, to identify the factors of biofuel consumption rates and to assess alternative energy sources of rural households. Descriptive statistics were used to assess the maximum, minimum, mean and standard deviation of biomass energy consumption, while independent samples t-test and generalized linear regression were used to test the effect of seasons on biomass energy consumption and factors affecting biomass energy consumption in rural households of the study area respectively. The result showed that, wood was the leading biomass energy used in the rural households and the quantity of biomass energy (wood, and animal dung) consumed by the rural households was large in wet season because of the cooling effects. Among various factors of biomass consumption rates, agro ecology, age, household size, distance of the house to the nearest road, and distance of the house to the nearest development agents’ office had a statistically significant effect on consumption rate of biomass at α 0.01(p=0.0001, 2.91, 3.93,0.001, 0.001) respectively. The average total biomass consumed per year in each rural house in Megech Watershed were estimated to be 6.022m3 with an average per capita rate of 1.095 m3 biomass per year. Solar cell was the foremost alternative energy sources.
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1. Introduction
Energy consumption of rural households is an energy used for daily life of rural household, which includes illumination, cooking, heating, hot water and household appliances (Patel, Khandelwal, Leavey and Biswas, 2016). Wood is the principal energy sources for almost all rural households of African countries. Fuel wood accounts around 90-98% of residential energy consumption in most of the sub saharan African countries. In rural areas of Ethiopia, the major energy demands for daily life are covered by fuel wood and animal dung biomass energy. About 0.566 million cubic meter of fuel wood is consumed in Ethiopia, which accounts for 9.1% of total African cooking and heating wood consumption (Idiata, Ebiogbe, Oriakhi and Iyalekhue, 2013). About 78% of the total energy demand of Ethiopia is covered by fuel wood (Damte, Koch and Mekonnen, 2012). The annual per capita fuel wood consumption in Dega and Woina Dega agro ecological zone of Ethiopia is estimated to be 609 kg and 882 kg respectively (Susanne et al., 2013).
Problems regarding energy, environment and climate changes befall gradually more well-known as a result of rapid growth of energy demand and consumption (Yuan and Zhao,2014). Ethiopian rural household is highly dependent on biomass energy for their energy needs, which aggravates the environmental, social and health problems (Eshete, Sonder and ter Heegde, 2006). Firewood is becoming scarce in Ethiopia with increasing of population pressure together with their corresponding energy demand. These results land degradation, deforestation and loss of soil nutrients, which deteriorate both food security and energy (Bewket, 2003). Biomass combustion in general and dung and crop residue combustion in particular contributes to nutrient export from agricultural land (Heltberg, 2005). With the increasing shortage of firewood, households are turning to dung and crop residue.
residues for energy in rural households of Megech watershed (Personal observation, 2021). This triggered the researchers to assess the biomass energy consumption of rural households in Megech watershed, North western Ethiopia. Previous researchers such as Gwavuya, Abele, Barfuss, Zeller  and Müller (2012) had studied household energy economics in rural Ethiopia; A cost-benefit analysis of biogas Energy; Similiarily, Guta, (2012) had assessed the Biomass Fuel Resource Potential and Utilization in Ethiopia: Sourcing Strategies for Renewable Energies; Bekele, Hager and Mekonnen (2013) had studied   the determinants of rural household energy choices: an example from Pakistan; Jan et al. (2012) had studied woody and non-woody biomass utilization for fuel and implications on plant nutrients availability in the mukehantuta watershed in Ethiopia and Heinonen and Junnila (2014) had studied the Residential energy consumption patterns and the overall housing energy requirements of urban and rural households in Finland.
However, no study has been conducted on the assessment of biomass energy consumption of rural households in Megech watershed, North Western Ethiopia. Therefore, this study fills the deficient scientific data of biomass energy consumption of rural households in Megech watershed.



2. Materials and Methods
2.1. Description of the study area
Megech watershed is found in the upper Blue Nile basin of Lake Tana sub-basin. Geographically, Megech watershed is found between12o29'07"N-12o45'00"N latitudes and 37o22'48"E - 37o37'18"E longitudes. The area covers a total surface of 784.6 km2. The northern, eastern and western part of the catchment is characterized by top-down topography with chain of ridges bordering sub-catchments within the area. The southern part of the watershed is characterized by a gently sloping (some extents flat) surface, which is an outlet of Megech river to Lake Tana. Megech river has 75 km long and drainage area of 850 km2 and the average annual discharge of the river was 11.1m3/s and dissected by major tributaries of Megech river such as Dimaza, Shinta, Keha, Angereb, Gilgel Megech and Wizaba streams. The Watershed has unimodal type of precipitation and its agro ecology ranges from highland to midland. There is a climatic variability in temporal and spatial cases mainly in precipitation. According to analysis of the climatic data from 1987-2020, the mean annual rainfall of Megech watershed was range from 985 to 1860 mm. The annual average daily maximum and minimum temperature was also 22.10c and 9.70c respectively. The socio-economic characteristics of the communities in the study watershed are mainly characterized by mixed crop and animal production. About half kebeles of Gondar Zuria woreda, and some kebeles of East Dembia, few kebeles of Wogera and few kebeles of Lay Armochiho districts are part of the Megech Watershed.


Figure 1: Location map of the study area
Local Climate and Agroecology
[bookmark: _Hlk132186422]The agro ecology of the Megech Watershed is classified as highland (Dega) and midland (Woyna Dega). The agro ecologies in the watershed is very suitable for different plant and animal diversity. Therefore, the farming system depends on the extent of the agro ecology. Mixed farming system (both different crop production and animal husbandry) is very common in the study area. The mean annual maximum and minimum temperature is 25.11oC and 12.67 oC. respectively
The study area is found under the unimodal rainfall regime where it receives high rainfall during summer (June to September). Summer rainfall is highly concentrated during July and August which alone covers more than half of the summer rainfall. The mean average rainfall concentration revealed the presence of high concentration of rainfall. Likewise, the rainfall anomaly also witnessed for the presence of inter-annual variability. On the other hand, mean annual and summer rainfall have decreased on average by 121.5 mm and 19.5 mm respectively in the past three decades as compared with the first three decades of the study period.  
Socio-economic setting 
The livelihood of the Woreda is mainly dependent on climate sensitive rain feed agriculture (small holder crop and livestock production). However, small proportion of the population has engaged in off-farm activities (petty trade and so on). Crop production is the primary livelihoods for most of the population in the study area. Similarly, livestock production is important in the farming system of the woreda. The need for adopting draught power, source of food and income has made the mixed farming of animals with other agricultural activities inevitable (Mulugeta, & Achenef, 2015). The major land use categories of the Watershed are cultivated land, Forest, grazing land and settlement. Crops covered 56.5% of the area, grazing land or pasture covered 14.7% whereas forests and shrubs contain 10%, settlements 5.3% and the remaining 13.5% is a miscellaneous land use (Mulugeta, & Achenef, 2015).  
2.2 Research design
[bookmark: _Hlk130549508]Quantitative research design was used for this study. In this case, descriptive and correlational approaches of research were used since assessing biomass energy consumption of rural households and its determinant factors needed a descriptive statistic (mean, standard deviation, percentage and frequency distribution) and inferential statistics (t-test, and regression).
2.3 Sampling size and sampling technique
About 354 rural households were selected through stratified random sampling technique based on the wealth status/income level of the household to measure the consumption rate of biomass energy, to assess the factors of biomass consumption rate and to identify alternative energy sources of the households in the study area. The selection of sample houses was considered the low income household heads, middle income household heads and high income household heads. 
2.4 Data Collection Instruments and Experimentation
Semi-structured questionnaire
Semi-structured questionnaire was distributed for 354 household heads to collect data on the factors affecting per capita annual biomass energy consumption rates and the patterns of alternative energy sources in the Watershed. For triangulation three focus group discussions with a size of 10 individuals were performed in Maksegnit, Amba-Giorgis and Koladba. 
Household Biomass Measurement 
The most common biomass which used for cooking and baking purpose in the households were found to be fuel wood, cow dung and crop residues. Therefore, this study focused on those biomasses (wood, cow dung and crop residues) to measure the mass of fuel wood, cow dung and crop residues by using hanging balance. To make representative 10 houses from low income households, 10 houses from medium income households and 10 houses from high income households were selected. Representative 30 houses were selected for measuring the total mass (K.g) of their daily biomass consumption for consecutive 2 weeks in dry season and consecutive 2 weeks in wet seasons. Due to the variation of temperature in moisture difference, sampling were taken both in dry season (2 weeks) and wet season (2 weeks).

2.5. Data analysis
The consumption energy volume in kilograms was converted to consumption energy volume in cubic meters using the value of 710 ± 34 kg (mean ± standard error) of air-dried firewood = 1.0 solid m3 as it reported by Win et al. (2018). The conversion factor of 167 kg/m3 was used for the solid wood volume to produce charcoal as FAO (2016) cited in Ptasinski (2016). Descriptive statistics were used to estimate the maximum, minimum, mean and standard deviation of the biomass energy consumption, patterns of alternative energy sources in the watershed. The seasonal variation of biomass energy consumption rates was tested by using independent sample t-test.
Inferential Statistical
Generalized linear model (GLM) with a Gaussian link was used to estimate the consumption rate of biomass energy across the factors of the consumption rates of biomass. The dependent variable was per capita annual biomass energy consumption rate, and the independent variables include agro ecology, age, household size, annual income, cooking frequency, distance of the house to the road, distance of the house to the office of development agents, farm land size, educational status and extension service.



3. Result and discussion
3.1. Biomass Energy consumption
3.1.1. Energy consumption of wood biomass during dry & wet season
In this study, all the households in the study area used wood as their primary source of cooking energy and animal dung as secondary sources of cooking energy. This might be due to the accessibility and the cooking energy power of woods than animal dung. The quantity of wood biomass energy consumption used in the rural households during dry season was ranged from 2.2 to 11.6 kg/day, while the quantity of wood biomass energy consumption used in the rural households during wet season was ranged from 4 to 13 kg/day. The variation of the quantity of wood biomass energy consumed by the samples of rural households in wet season was greater than the quantity of wood biomass energy used by the sample rural households during dry season and the difference was statistically significant at α 0.05(p=0.0001). This statistically significant variation could be due to the cooling effects the wet season. The mean of wood biomass energy consumption consumed by rural households during dry and wet season was estimated to be 6.829 and 9.207 respectively (Table 1). The average annual fuel wood energy consumption in the watershed was estimated to be 2492.62 kg or 3.5107 m3 (Table 2). The average annual biomass energy (fuel wood, cow dung and crop residue) consumption of household was 4403.64 K.g. Therefore, the per capita average annual biomass (fuel wood, cow dung and crop residue) energy consumption (considering household size of 5.5) was 800.55 K.g.  
Table 1: Consumption of biomass energy both in dry and wet season

	Fuel type
	MECDS (kg/day)
	MECWS (kg/day)
	difference
	sig

	Wood
	6.829
	9.207
	-2.377
	0.0001

	Animal dung
	4.862
	6.413
	-1.155
	0.007

	Crop residue
	0.46
	0.324
	0.136
	0.176


Where, MECDS represents the mean energy consumption in dry season and MECWS represents the mean energy consumption in wet season.






Table 2: Average biomass energy consumption of sample households (average of dry and wet season)
	
	Consumption in Kilogram (K.g)
	

	
	Wood
	Animal dung
	residue
	Total

	Daily
	Mean
	6.83
	4.86
	0.374
	12.064

	Annual
	Mean
	2492.62
	1774.51
	136.51
	4403.64

	Consumption in Volume (m3)

	
	
	Wood
	Animal dung
	residue
	Total

	Daily
	Mean
	0.0096
	0.0068
	0.00053
	0.01693

	Annual
	Mean
	3.5107
	2.4993
	0.19227
	6.20227



3.1.2. Consumption of Animal dung for Baking and cooking during dry & wet season
Animal dung was used as a second source of biomass energy for cooking purpose of the rural sample households. The quantity of animal dung biomass energy consumption used in the rural households during dry season was ranged from 1.2 to 8.7 kg/day, while the quantity of animal dung biomass energy consumption consumed in the rural households during wet season was ranged from 3.5 to 9.5 kg/day. The rural households have used more amount of animal dung biomass in the wet season than the dry season and the difference was statistically significant at α 0.05(p=0.007). This statistical significance difference could be due to the cooling effects of the three months particularly June, July and August.
The mean of animal dung biomass energy consumption consumed by the sample rural households during dry and wet season was estimated to be 4.862 and 6.413 respectively (Table 1). The mean of daily and annual dry and wet season animal dung biomass energy consumption was estimated to be 4.86 and1774.51 kg respectively (Table 2). The mean of daily and annual dry and wet season animal dung biomass energy consumption was estimated to be 0.0068 and 2.4993 m3 respectively (Table 2).
3.1.3. Energy consumption of crop residue during dry & wet season
Crop residue was used as the third-largest source of biomass energy for cooking purpose of the rural sample households in the study area. The quantity of crop residue biomass energy consumption consumed in the rural households during dry season was ranged from 0.2 to 0.7 kg/day, whereas the amount of crop residue biomass energy consumption consumed in the rural households during wet season was ranged from 0.12 to 0.55 kg/day. The difference was statistically significant at α 0.05(p=0.176). Unlike the energy consumption of wood and animal dung, the rural household has used more crop residue in dry season than wet season and the difference was  also statistically significant. Because the rural households had no adequate room to store and protect the crop residue from rainfall in wet season and the mass of the physical biomass was large and the crop residue being ruin due to the action of rainfall. Finally, the crop residue becomes un functional for energy consumption and the sample households didn’t use much of the crop residue during the wet season. The mean of dry and wet season consumption of residue by the sample rural households was estimated to be 4.862 and 6.413 respectively (Table 1). The mean of daily and annual dry and wet season residue biomass energy consumption was estimated to be 0.374 and 136.51 kg respectively (Table 2). The mean of daily and annual dry and wet season residue biomass energy consumption was estimated to be 0.00053 and 0.19227 m3 respectively (Table 2).
3.2. Factors affecting biomass energy consumption rates in the rural households of the watershed
Agro ecology, sex, age, educational status, household size, farm land size, credit service, extension service, distance to forest, distance to development agents and distance to road, planted land size, Livestock, income, baking per week were the factors that affect biofuel consumption rates of households in the study area. Among these factors of biofuel consumption rates, agro ecology, age, household size, distance of the house to the nearest road, and distance of the house to the nearest development agents’ office had a statistically significant effect on consumption rates of biofuel at α 0.01(p=0.0001, 2.91, 3.93,0.001, 0.001 respectively) (Table 3).
Table 3: Factors affecting annual biofuel consumption rate of rural households
	Annual biofuel
Consumption
	Coef.
	St.Err.
	t-value
	p-value
	[95% Conf
	Interval]
	Sig

	Agro ecology
	-37.211
	7.887
	-4.72
	0.0001
	-52.726
	-21.697
	***

	Sex
	3.699
	8.372
	0.44
	.659
	-12.768
	20.166
	

	Age
	1.011
	.347
	2.91
	.004
	.328
	1.694
	***

	Educational status
	10.046
	6.89
	1.46
	.146
	-3.507
	23.599
	

	Household size
	7.275
	1.853
	3.93
	0
	3.631
	10.92
	***

	Farm Land size
	-1.039
	3.528
	-0.29
	.769
	-7.978
	5.9
	

	Credit services
	8.428
	7.448
	1.13
	.259
	-6.222
	23.079
	

	Extension services
	.721
	11.029
	0.07
	.948
	-20.972
	22.415
	

	Distance to Forest
	.177
	.165
	1.07
	.287
	-.149
	.502
	

	Distance to DAs
	.865
	.165
	5.24
	0.0001
	.54
	1.19
	***

	Distance to road
	-.348
	.079
	-4.42
	0.001
	-.503
	-.193
	***

	Planted land size
	-7.811
	8.479
	-0.92
	.358
	-24.489
	8.867
	

	Livestock
	-.052
	.344
	-0.15
	.88
	-.729
	.625
	

	Income (high)
	-14.714
	13.618
	-1.08
	.281
	-41.5
	12.073
	

	Low Income
	-22.393
	13.03
	-1.72
	.087
	-48.023
	3.236
	*

	Baking Per Week
	1.435
	5.385
	0.27
	.79
	-9.159
	12.028
	

	Constant
	38.765
	29.079
	1.33
	.183
	-18.433
	95.963
	

	Mean dependent var
	121.113
	SD dependent var
	67.043

	R-squared
	0.288
	Number of obs
	354

	F-test
	8.523
	Prob > F
	0.000

	Akaike crit. (AIC)
	3894.702
	Bayesian crit. (BIC)
	3960.480


*** p<.01, ** p<.05, * p<.1
3.3. Patterns of alternative energy sources in the rural households
The accessibility of numerous energy sources is habitually common in rural areas and rural households swing from one alternative source of energy to another alternative source of energy with escalating income as indicated by Jan (2012). There were various alternative energy sources of the rural households in the study area. Among those alternative energy sources of the rural households, solar cell and dry cell covered the largest portions of the alternative and renewable energy sources of the rural households, which covered 75.8% (Table 4). This could be due to cost-effectiveness, market 
accessibility and easy of management. The mean value of the amount of solar cell and dry cell energy consumed by the rural households were estimated to be 1.64±0.95, and 0.92±0.44 kilogram per week (Table 5). The possible reasons might be due to cost effectiveness, accessibility and easy of management.
Table 4: Types of main alternative energy sources used by households for lighting purpose in the study area
	Alternative energy source
	Percent

	Kerosene/diesel
	2.6

	Electricity
	5.4

	Dry cell
	16.2

	Solar panel
	75.8

	Total
	100



Table 5: Weekly consumption of energy for lighting in the house of rural households
	Energy source
	Mean
	Std. Deviation

	wood (Kg)
	1.11
	1.53

	Dry cell (number)
	0.92
	0.44

	Solar cell (number)
	1.64
	0.95

	Residue (Kg)
	0.01
	1.42

	Candle (number)
	0.01
	0.10

	Electricity (KJ)
	0.02
	0.13

	Kerosene/diesel (Liter)
	0.99
	216.61



The household expenditure of energy consumed for lighting in the study area was different as the energy sources used for lighting. Among the alternative energy sources of households used for lighting in the study area, solar cell and dry cell covered the primary and secondary energy expenditure with a mean of 64.63±301.39 per week and 280.41±80.37 birr per year (Table 6). Because, these energy sources were used by many of rural households in the study area.



Table 6: Description of Households expenditure of energy for Lighting per week
	Energy sources
	Mean
	Std. Deviation

	Wood
	53.25
	79.76

	Dry cell
	64.63
	301.39

	Solar cell*
	280.41
	80.37

	Residue
	7.76
	16.63

	Candle
	1.69
	4.42

	Electricity
	2.96
	18.55

	Kerosene/diesel
	0.61
	3.87


* Expenditure is calculated in yearly basis.

4. Conclusion
Wood, animal dung and crop residue were the foremost biomass energy sources consumed by the rural households of Megech watershed and the rural households were used more biomass energy during wet season because of cooling effects. Agro ecology, age, household size, distance of the house to the nearest road, and distance of the house to the nearest development agents’ office had a statistically significant effect on consumption rate of biomass. The average annual biomass energy (fuel wood, cow dung and crop residue) consumption of household was 4403.64 K.g. Therefore, the per capita average annual biomass (fuel wood, cow dung and crop residue) energy consumption was 800.55 K.g. Solar cell  was the major portions of the alternative energy sources of the rural households mainly for lighting purpose in Megech watershed. 
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