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Abstract: Energy influences the livelihood of human beings in different aspects like food security, agricultural production, 

health care system, education, employment and sustainability of the environment. Ethiopia faces big challenge in both supply 

and access to energy in which majority of its rural population live without access to energy. Production of bioenergy is a good 

opportunity to get access to modern energy in developing countries like Ethiopia where traditional biomass energy is the 

dominant source of energy. In addition to creation of employment and being source of energy, bioenergy production has 

multiple advantages in agriculture and food security sector since the bio-slurry is used as organic fertilizer. The study shows 

that bioenergy production increased the income and thereby increased access to food for the rural households in Ethiopia. This 

resulted in food security as both quantity and quality of food increases along with the expansion of bioenergy production in the 

rural community. The result also shows that the increase in household income was from savings resulted in less purchase of 

other energy sources (kerosene, charcoal, firewood, etc.), increase in agricultural productivity using bio-slurry, and increase in 

employment in bioenergy sector. Having production potential, it needs to expand bioenergy production to ensure energy and 

food security in the rural population. 
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1. Introduction 

Energy is one of the important elements in economic 

development through its requirement to improve the 

livelihood [1]. It is linked with poverty reduction, education, 

food security, and public health, which is part of sustainable 

development [2, 3]. Energy has positive impact on livelihood 

by increasing provisions like water, agricultural productivity, 

health facility, education, employment and environmental 

protection [4]. As a result, access to sustainable, affordable, 

and dependable sources of energy is essential in alleviation of 

many global development challenges including poverty, 

inequality, climate change, food insecurity, and problems of 

access to health facility and school [5]. 

Introduction of bioenergy (biofuels in particular) enables 

access to modern energy sources, reducing the factors affecting 

climate change. However, the expansion of market for 

bioenergy requires changes in food production, storage and 

distribution system [6]. Bioenergy production has positive 

impact on rural development and agricultural productivity. It 

can also increase employment and income for the rural 

communities, in addition to being source of energy [7]. Studies 

estimate that the job creation potential in bioenergy is higher 

than other energy sources, but it entails lower investment costs 

per unit of job generated [8]. 

Bioenergy has impact on food security through changes in 

incomes and food prices [7, 9]. Studies stated that the energy 

sector has impact on income, health, education, gender and the 

environment linkages and thereby poverty reduction [1]. 

Income influences both the quantity and quality of food 

purchased by households [7, 9, 10]. There are limited studies 

in Ethiopia on the contribution of bioenergy production on 

income changes and food supply. Therefore, the study was 

conducted to analyze the contribution of bioenergy production 

on income and food supply in rural communities of Ethiopia. 
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We used secondary data from different national data sets 

including data from National Biogas program of Ethiopia, 

Ministry of Environment, Forest and Climate Change 

and other relevant data. In addition, we reviewed all available 

support the data used in this study and identify the contribution 

bioenergy production in improving household income and its 

implication on food security. 

2. Current Status of Ethiopian Energy 

Sector 

Ethiopia is among the densely populated African countries 

with estimated population of about 108,000,000 based on the 

latest UN estimate [11]. The country is vulnerable to poverty 

due to its dependence on rain-fed agriculture and livestock 

production. The country also faces different development 

challenges [12]. 

Ethiopia is endowed with good topography, suitable for the 

existence of abundant renewable and sustainable energy including 

high potential of geothermal energy, solar and wind power 

potential [13]. It is regarded as the water tower of Africa, with 

several large rivers draining its highlands. The approximated 

potential for hydropower is about 45 GW, wind is 10GW, 

geothermal is 5GW, and solar irradiation ranges from 4.5 

kWh/m
2
/day to 7.5 kWh/m

2
/day. The final energy consumption of 

Ethiopia is estimated 40,000GWh; of which about 92% is 

consumed by domestic appliances, 4% is consumed by transport 

sector, 3% by industrial sectors and about 1% by others [14]. 

Table 1. Energy production capacities per different energy sources in 2014. 

Sources  
Energy production capacity 

[kWh] 

Energy production capacity 

(%) 

Energy production capacity 

per capita [kWh/capita] 

Hydroelectric power 20.97 x 109 86% 199.83 

Renewable energy (biomass, solar, wind) 2.7 x 109 11% 25.56 

Fossil fuels 0.7 x 109 3% 6.97 

Total 24.39 x 109 100% 232.36 

Source: [11] 

Having all these abundance of potential energy sources 

more than eighty percent of Ethiopian rural population has no 

access to modern energy. Like most sub-Saharan African 

countries, Ethiopia’s energy sector is highly dependent on 

biomass energy (i.e., firewood, crop residues, and dung) for 

cooking and heating, which accounts for 91% of energy 

consumed [15-18]. This has resulted in the overexploitation 

and depletion of forest resources in the country [19]. This has 

resulted in shortage of fuel wood. Rural households meet 

their energy requirements by using cattle dung and/or crop 

residues. This in turn resulted in the reduction of soil fertility 

and thereby reduction in agricultural production [20], in 

addition to its contribution to climate change. 

3. Bioenergy, Income and Food Security: 

Definitions and Linkages 

FAO defines bioenergy as energy derived from biofuels 

(solid, liquid fuels and gaseous fuels) [21]. It is produced 

from sugar cane, beet, corn, energy grass or from fuel wood, 

agricultural residues and by-products, forestry residues, 

livestock manure and other sources. Bioenergy production 

enhances energy security and access by reducing the 

dependence on fossil fuels and providing a localized solution 

for the poor countries. In addition, bioenergy sector creates a 

new market for producers. Bioenergy production has 

advantage in reduction of greenhouse gas emissions and 

environmental sustainability. 

Improvement in household income is directly related to 

positive changes in sources of revenues (e.g., through 

improvement in yield, quality and price) while minimizing 

all costs related to production and other payments [22]. 

About half of the Ethiopia population are below the poverty 

line in 2015. The existence of wide spread poverty is one of 

the factors leading the rural population to depend on 

traditional and inefficient use of biomass energy sources [22]. 

Using bioenergy is one of the best solutions to the above 

problem as it increases access to better energy, improvement 

in household income, access to improved food, and all other 

human needs. This will be useful in changing the livelihood 

of people living in developing countries including Ethiopia 

[21]. Higher income leads to improved nutrition, clothing, 

better educational facilities, better health care system, low 

illiteracy rates, and viable social and political institutions 

[22]. Therefore, income level is regarded as better indicator 

of the status of people in their social, political, and cultural 

participation. 

Food security exists when there is guaranteed and timely 

access to safe and nutritionally balanced, enough food 

through own production and/ or purchase from market [23]. 

In addition, when all people have physical and economic 

access to sufficient, safe and nutritious food that meets their 

dietary needs and food preferences for an active and healthy 

life in all the time, we can say that there is food security [21]. 

FAO outlined the four major dimensions of food security as 

availability, access, stability and utilization [21]. The 

development and expansion of bioenergy sector has positive 

or negative effects on the above four dimensions of food 

security in its environmental and socio-economic 

contributions [1]. For example, bioenergy production has 

positive impact on people’s access to food through creation 

of new jobs and generation of income associated with its 

production. In other words, the bioenergy production may 

have negative impacts on the productive capacity of land or 

water availability and quality, if no properly practiced, 

creating negative repercussions on food security [9]. 
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4. Bioenergy Production and Agricultural 

Productivity 

Accounting about 44% to GDP, agricultural sector is a 

major contributor to the Ethiopian economy. It is also having 

lion’s share contribution in reducing poverty and creating food 

security [24, 25]. Even though, about most of rural population 

in Ethiopia are employed in Agricultural sector most of the 

people are poor because agriculture is not profitable due to 

lack means of production that enhance productivity [16, 24]. 

As a result, the government of Ethiopia has planned to 

improve the productivity and profitability in agricultural 

sector to meet the current needs created along with the 

increase in the country’s population. Currently, all costs 

associated with food security are increasing at alarming rate, 

resulting in higher food price in Ethiopia than other African 

countries and the rest of the World [24]. There is government 

intervention to stabilize the existing market in terms of 

subsidies, but it brings inefficient and unsustainable result. 

This is because the market stability can be guaranteed when 

people have higher purchasing power that can resist the 

existing situation. Giving emphasis to bioenergy sector to the 

rural community will have positive contribution on 

agricultural productivity and household income, creating more 

jobs and rising their level of food security [4]. 

The importance of increasing production and productivity 

in agriculture sector in developing countries of Africa is very 

important since large part of their population resided in rural 

areas where poverty is very severe. It is also important to 

boost the agricultural productivity since it is the major 

contributor to GDP. To realize this, farmers, need to have 

access to finance, agricultural inputs (fertilizers, improved 

seeds, insecticide, herbicide, and different agricultural 

chemicals), stable market with minimal transaction costs, and 

efficient agricultural extension services. In addition, the 

continuous dependency on traditional biomass energy has 

negative effect in agricultural productivity. This is because in 

the absence of wood-fuel, there will be a use to crop residues 

and animal wastes as energy source instead of using it in farms, 

where they supplement soil nutrition, to provide energy needs 

[26]. Therefore, using sustainable access to energy sources 

like bioenergy will improve the agricultural productivity and 

livelihood of rural community [4]. 

5. Benefits of Bioenergy Production in 

Ethiopia 

Bioenergy has positive contribution to the rural community 

in getting access to energy and improving gender equity. It 

provides environmental and socioeconomic benefits for the 

society as a whole as well as for the involved farmers [27]. 

Introduction and expansion of Bioenergy technology to the 

rural community crates job opportunities for both skilled and 

unskilled rural labors. It opens employment opportunities for 

masons, plumbers, civil engineers, and agronomists in 

well-organized biogas development sector, in installations, 

design and production of appliances, and construction 

equipment’s areas [28, 29]. As compared to the use of 

imported fossil fuels, biogas production requires much more 

employment places to collect and transport raw materials, in 

equipment manufacturing, in construction, training, operation 

and maintenance [29]. Furthermore, organic fertilizer (bio 

slurry) is one of the outputs in biogas production used to 

enhance farm productivity and food security [30]. 

 

Figure 1. Benefit of household from installed biogas in Ethiopia. 

5.1. Masons’ Income 

Increase in the masons’ income is one among the benefits 

of production and expansion of biogas [31, 4]. The table 

below shows that before starting biogas installation the 

monthly income of masons was 300-500 birr. However, their 

monthly income was increased to 1,300-6,000 birr after 

starting installation of biogas plant. This indicates that 

employment in bioenergy sector increases the income of 

those participating in this sector. 

Table 2. Masons’ income before and after starting installation of biogas 

plant (biodigester). 

Masons code No. of digesters 
Income (ETB)/month 

Before biogas After biogas 

1 30 300.00 6000.00 

2 20 300.00 4000.00 

3 12 300.00 2400.00 

4 7 300.00 1300.00 

5 5 500.00 1335.00 

6 7 400.00-500.00 2273.00 

7 7 400.00-500.00 2273.00 

8 15 2500.00 4376.00 

Source: [4] 

5.2. Income Saving from Purchasing Expenditure 

The economic roles of biogas production are savings from 

expenditures to be made for other fuel sources; time saved 

from participating other income generating activities; 

increase soil fertility from using bio-slurry, crop residues and 

cattle dung; and reduces the required quantity of chemical 
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fertilizer replaced by the use of bio-slurry [32]. Expenditure 

on firewood and charcoal for biogas users in Ethiopia 

reduced by 45% and 51%, respectively compared to the 

non-users [33]. 

Table 3. Income (Birr) saving due to installed biogas. 

No Types of resource/ source of savings Amount in Birr 

1 Saving from purchasing Firewood 1500 

2 Saving from purchasing Charcoal 3600 

3 Saving from purchasing Kerosene 4050 

4 Saving from Electricity 2400 

5 Saving from purchasing chemical fertilizer 718 

6 Selling organic fertilizer 300 

7 Saving from increased crop yield 2717 

 Total 15285 

Source: Computation using data from [34, 28]. 

Different studies also stated that the biogas users save their 

expenditure about Birr 15285 annually from saving of 

purchasing firewood, charcoal, Kerosene, Electricity, 

chemical fertilizer, and selling of bio-slurry and increased 

crop yield. 

In addition, findings indicated that biogas users have 

reduced their use of fertilizer by half (50%) [28]. At national 

level, the average savings from cost of chemical fertilizers 

was reduced by 35 percent. This figure is because of the 

increase in the price of fertilizers over the year and reduction 

in the use by owners of biogas plant [35]. 

5.3. Income from Increased Crop Yield 

In addition to the use of biogas production for cooking and 

lightning the mechanization process produces the bio-slurry 

from the digestion of organic materials used in the 

production process. Bio-slurry consisted a mix of digested 

material and water. It has high concentration of minerals and 

soil nutrients like nitrogen, phosphorus, potassium and 

magnesium, having ability to improve crop yield by 10% to 

50% or more, compared to compost. This directly affects 

food security status of beneficiaries and the community in 

general as it leads to increase in crop yield and higher 

incomes. 

 

Source: computed based on the data [35] 

Figure 2. Type of crops grown using slurry and the change in production. 

Studies indicated that biogas production has a positive 

effect on crop productivity for households using the 

bio-slurry as fertilizer. Many households use the bio-slurry in 

production of maize and garden vegetables including onions, 

tomatoes, peppers and potatoes [36, 35]. After applying 

bio-slurry to their farms they observed the yield increase in 

different crops. These changes range from increase in wheat 

production by 64% to barley production by 72% [37]. Studies 

also indicated that application of bio-slurry in the crop 

production changes in their crop productivity by an average 

of 54% for all crops in general, 82% for wheat, 74% for 

vegetables; 68% for Barley, 57% for Teff, 40% for Coffee 

and lower results (6%) for growing chat [35]. 

6. Conclusions 

The presence of large numbers of livestock resources 

indicates that there is high potential for biogas production in 

Ethiopia. Regardless of this high biogas potential, the actual 

production currently is minimal, limited to some pilot woredas 

in four regional states of the country. The production of biogas 

from organic waste has a direct contribution on agricultural 

productivity (mainly crops). This has significant contribution 

on food security since the bio-slurry is used to produce the 

crops used as staple food basket in Ethiopia. Biogas 

production also played major role in increasing household 

income in all processes of production, leading to security in 
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food production and energy use. Therefore, using the existing 

high bioenergy production potential as a good opportunity, 

there needs to increase the awareness of the rural community 

and expand the establishment of bioenergy sector. This has 

multiple effect on access to energy and thereby increase in 

household income and agricultural productivity in Ethiopia. 
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