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Abstract
Background

Energy is a key factor of socio-economic development. Currently, however, millions of people across the
world suffer from energy poverty, having little or no access to energy for cooking, lighting, heating,
cooling or using information and communication technology. As a result this study was aimed to
investigate the domestic energy sources for households and the impact of biomass use as a source of
energy on the environment, and food insecurity in North highland of Ethiopia. A total of 398 heads of
households were interviewed individually using structured questionnaire, whereas 16 focus group
discussions and 12 key informant interviews were conducted using discussion guiding checklist.
Descriptive data analysis techniques were used to analyze quantitative data while content analysis
method was used to analyze qualitative data.

Result

The use of traditional fuel such as �re wood, charcoal, crop residue, animal dung, leaves, and any
biomass residue that can be combusted were used as energy sources in the area, which aggravate
degradation of agricultural land. The move towards the adaptation of modern energy sources was not
common because of many barriers such as lack of �nance (98%), access (97%), durability (97%) and lack
of awareness (93%). The �ndings showed that land degradation has been severe to the extent that no
grains can be collected from crop production. As a result, people were exposed to both chronic and
transitory food insecurity and hence the majority of people make their living on food aid.

Conclusion

This calls for minimizing land degradation by introducing alternative energy sources to the households.
In this regard, technology developers, bilateral organizations and NGOs can play their role to promote
alternative modern energy technologies that are easy accessible both in terms of availability and
affordability, and operable by rural people. 

1. Introduction
Energy is a key factor of socio-economic development (UN, 2012). Currently, however, millions of people
across the world suffer from energy poverty, having little or no access to energy for cooking, lighting,
heating, cooling or using information and communication technology. This has a detrimental impact on
their quality of life, access to clean water, health and opportunities to gain an education, and increasing
agricultural productivity and earn income (Zereay, et al., 2013; BMZ, 2014). The depth of energy poverty is
severe especially in developing countries, where the availability of energy is limited or economically
unaffordable (Quitzow, et al., 2016).
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Currently, about 1.1 billion people, 14% of the population, in the world have no access to electricity
(UNCTAD, 2019). Most of them are predominantly situated in rural areas of Sub-Saharan Africa, where
biomass still constitutes the main source of energy (Gray, et al., 2018). Sub-Saharan Africa is the most
electricity-poor region in the world: more than 600 million out of 950 million people lack access to
electricity, and several million people are connected to an unreliable grid that does not meet their daily
energy service needs (Avila, et al., 2017). Those authors also reported that most of the countries in this
region have average electricity access rates of about 20%, and two out of three people lack access to
modern energy services (Avila, et al., 2017). In this region, two-thirds of its total energy use occurs in the
residential sector, most energy is used for cooking, and dominated by traditional biomass (86%) (IEA,
2014). In Ethiopia, domestic energy requirements of rural and urban areas are mostly (about 90%) met
from wood, animal dung and agricultural residues (FDRG-MoWE, 2012). By 2014, the country’s overall
electri�cation rate had reached just 23%, leaving majority of the population without a connection to grid
(Barnes, et al., 2016).

Biomass energy is a traditional source of energy, which refers to a wide range of natural organic fuels
such as wood, charcoal, agricultural residues and animal waste, is often used in its traditional and
unprocessed form (Karekezi & Kithyoma, 2003). The main energy demand in rural areas of low income
countries is for cooking and the main source of fuel for satisfying this demand comes from traditional
sources of energy: fuel-wood, dung, and agricultural residue, which are highly ine�cient, polluting, and
adversely affect environment and land productivity (World Bank, 2000; Karekezi & Kithyoma, 2003; Tucho
and Nonhebel, 2017). Use of biomass for energy; to cook meals and heating homes, exposes rural people
and their families to hazards of smoke and fumes. In fact, the indoor air pollution associated with
biomass use is directly responsible for more deaths than malaria in most parts of developing countries
(Kibria, 2015). When burned, traditional fuels often produce hazardous chemicals with negative health
impacts, especially when used indoors (UNCTAD, 2010). Indeed, over a million of deaths a year due to
lack of access to electricity, safe heating, and cooking didn’t receive su�cient attention compared to
greenhouse gas emissions mitigation (Howells & Alexander, 2012).

Economic poverty and dependence on traditional sources of fuels would go hand in hand. As household
incomes rise, probability to switch to modern fuels is assumed very high, if these are available (Cherni,
2008). Most rural societies experience limited access to modern energy services, due to problems of
either availability or affordability (UNCTAD, 2010). Lack of �nancial capacity to use new energy
technology hinders the need by poor households live especially in developing countries like Ethiopia. That
is why the majority of their people predominantly relay on traditional fuels (World Bank, 1996). On the
other side, most developed countries and in the few cities of developing countries the energy that we
consume today comes from energy sources that are expensive, highly polluting and non-sustainable in
their nature (Dawit, 2010). Generally, either it is due to from traditional biomass or fossil fuel, the energy
sector accounts for 65% of total global greenhouse gas (GHG) emissions (Vezzoli, et al., 2018).

Solving the problem related to energy sector is of vital importance to the environment, the global society
and the world economy. Switching the energy use from traditional biomass towards alternative energy
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sources is part and parcel of solution and solving energy sector problem and rural poverty. The reliance
on biomass for fuel lead to deforestation and land degradation that is the major cause for low crop
productivity and result on rural food insecurity. The urgency to shift energy use towards modern sources
is not only because of its impact on the environment, economy, and social wellbeing but the current
capacity of traditional biomass is no longer su�cient to satisfy the fuel demands. Hence, decision to
shift from traditional energy system to modern is a must. The modern energy sources that attracted
special attention includes electricity, natural gas, clean cooking fuels and mechanical power that
contribute to safe human well-being (Modi, et al., 2005). These are among advantages drive the world
society fast toward renewable energy technologies to support the local development by reducing the
burden of energy need on the biomass and a clean energy economy to prevent the dangerous warming of
our planet (Vezzoli, et al., 2018).

To catch this bene�t, the African countries have a titanic potential to generate modern energy from
sources. Most African countries are gifted with a gigantic and still untapped renewable energy potential
(Hafner, et al., 2018). Estimates of power generation potential in the continent are 350 GW for
hydroelectric, 110 GW for wind, 15 GW for geothermal and an amazing 1000 GW for solar (African
Development Bank, 2017). Potential for bioenergy is also high, with wood supply from surplus forest
estimated at 520 GWh/year (International Renewable Energy Agency, 2015). Solar energy potential is also
particularly promising: although with varying potentials because of its geographical distribution, this type
of energy could be harnessed virtually everywhere in Africa. These modern energy sources has also a
wide range of advantages and it cause very little environmental impact and in most cases their social
impacts are rated low (Dawit, 2010). Besides, they are also capable to provide energy services, including
lighting and electricity, heating and cooling, mechanical energy and mobility (Sawin, et al., 2016).

Access to modern energy services and electricity is low in many developing countries, particularly in
Africa. To achieve sustainable development goal with respect to energy, increasing access to energy for
domestic use; essentially increasing access to technologies which use modern fuels or make use of
traditional fuels in cleaner, safer and more environmentally sound ways and increasing access to
electricity are essential (UNCTAD, 2019). Moreover, if the world is to develop sustainably, it will be
necessary to secure access to affordable, reliable, sustainable, and modern energy services while
reducing greenhouse gas emissions and the carbon footprint of the energy sector (Mazzoni & Memon,
2003). In most jurisdictions, these socio-economic bene�ts are a major force driving policymakers to
adopt renewable energy targets and support policies. This goal is now moving the world away from the
consumption of fossil fuels, which cause climate change and other environmental and social challenges,
toward cleaner, renewable forms of energy sources (Sawin, et al., 2016).

In contrast to untouched potential and the whim, the move to shift from traditional fuel use to modern
renewable energy sources is very limited in Ethiopia. From the sustainable development perspective, a
renewable and sustainable energy expansion needs to increase the availability of energy services to
groups that currently have no or limited access, particularly to those in rural areas and those without
connections to the grid (Sathaye, et al., 2011). In this regard, numbers of study were conducted focused
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on energy but no study has been done with the emphasis of energy sources and use in connection with
food insecurity, climate change, and sustainable development. Therefore, the main reasons that initiated
this research were: [1] Use of biomass for traditional fuel without setting pertinent attention for
replacement to land cover change and causing soil erosion and land degradation. [2] existence of deep
rooted food insecurity due to land degradation; [3] Most of the energy consumption is from fuel wood
causing signi�cant deforestation; [4] Huge numbers of poor depend on food aid instead of producing
surplus yield due to low productivity of land caused by loss of soil fertility; [5] Ine�cient cooking stoves
have caused wastage of a lot of energy and exacerbates deforestation; and [6] High consumption rate of
fuel wood due to absence of affordable alternative energy sources for people in the study site.

This study was conducted to answer (I) How much is the dependence of rural household on biomass for
fuel affected the forest resources? (II) What is the implication of biomass energy utilization on household
food insecurity? (III) How the use of traditional fuel to ful�ll the energy need contributes for climate
change? (IV) What are the barriers that affect the willingness to adopt modern energy technologies? and
(V) How the use of traditional fuel impacts the path to ensure sustainable livelihood in the northern
highland?

2. Research Methodology

2.1. The study area
The study was conducted in the northern highland of Ethiopia particularly in the two zones namely North
Wollo and Wag Hemra zone. Geographically, North Wollo zone is located between 11oN to 12oN latitude
and 39oE to 40oE longitudes and has an estimated area of 1,275,514.35 hectares, which covers about 20
percent of the region (Eshetu, et al., 2017). Weldiya is the zonal capital town which is at about 521 km
from Addis Ababa. Most of this zone is mountainous and characterized by steep slopes, which are
unsuitable for agriculture and severely limits crop growth. Earlier survey reported that 24% of the land is
arable, 4.6% pasture, 0.37% forest, 17.4% shrub land, 47.3% degraded or unusable, and the remaining
6.3% all other uses (Seid, 2002). According to the CSA (2017), the current total population of North Wollo
zone is 1,824,361 (50.1% male and 49.9% female); with an area of 12,172.50 km2 (CSA, 2013). From the
total of eight districts in the zone, Lasta district was speci�cally selected for this study. Its major town is
Lalibela, known for its monolithic churches, a UNESCO registered heritage. The area is generally classi�ed
as one of food insecure zones of the region, with a long history of food aid distributions (EEP, 2016).

Wag Hemra zone covers 9,039.04 km2 with 51km2 of density in the square kilometer. Based on the CSA
(2017) estimation the current total population of Wag Hemra zone is 351,905 (50.1% male and 49.9%
female) (CSA, 2013). Of the six districts in this Zone Sekota Zuriya district was explicitly selected for this
study. The district is located between 120 23’ and 130 16’ N latitudes and 380 44’ and 390 21’ E longitudes
(Getachew, et al., 2018). Sekota town (the capital of the district), which is also the capital of the zone, is
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720 km North of Addis Ababa and 540 km north east of the regional state capital, Bahir Dar (BoFED,
2013).

2.2. Sampling procedures
Both probability and non-probability sampling procedures were used. First, North Wollo and Wag Hemera
zones were purposively selected based on the dependence of biomass energy and the severity of land
degradation and food insecurity. Secondly, the two districts, Lasta from North Wollo and Sekota from
Wag Hemera zone were also purposively selected. Thirdly, a total of eight Kebeles (smallest level of
government administrative units in Ethiopia) four from each district: Genetemariam, Erfa, Bilibala and
Yimrhane-kristos from Lasta district and Wollehi, Abiya, Fiqreselam and Tsemera kebeles from Sekota
district were randomly selected. Finally, respondents were selected for focus group discussion (FGD) and
independent groups of elders, women and youth were selected for the discussion. Whereas, elders,
religion leaders, experts, and development agents were purposively selected and used for key informant
interview (KII). A total of 398 respondents were randomly selected from 79,058 households using Yemane
(1967) formula n= N/1+N (e2) at 5% and interviewed. The district level o�ces and departments visited for
secondary data. The FGDs were held with 8-12 participants. The moderator facilitates the discussion
using guiding open ended questions focusing on source of energy and associated challenges. In general,
two FGDs were held in each kebele and the total of 16 FGD and 12 KII were contacted.

2.3. Research approach and design
Mixed approach of the research along with the phenomenological design was used to address the
objectives of this study. The method employs both approaches iteratively or simultaneously to create a
research outcome stronger because the combined quantitative and qualitative methods enable exploring
more complex aspects and relations of the human and social world (Malina, 2010). Besides, it is very
suitable approach to any given research project, its use would yield positive bene�ts, in that the use of
differing approaches has the potential to provide a greater depth and breadth of information which is not
possible utilizing singular approaches, qualitative or quantitative, in isolation (Almalki, 2016). Here in
addition to quantitative approach qualitative methods also acquired relative emphasis in this study. This
is because qualitative approach helps to conduct an in-depth study of social and cultural phenomena
and focuses on text depending on the observations and descriptions (Myers, 2009). Qualitative approach
is included here mainly to describe and interpret issues or phenomena systematically from the point of
view of the individual or population being studied. Moreover, qualitative approach is an exploratory type
of research, and seeks to explain ‘how’ and ‘why’ a particular social phenomenon, or program, operates as
it does in a particular context. With this it tries to help us to understand the social world in which we live,
and why things are the way they are (Polkinghorne, 2005).

On the other hand, Phenomenological design was used to frame the research and then to explore people’s
everyday life experience directly related with the environment. Phenomenology is used when the study is
about the life experiences of a concept or phenomenon experienced by one or more individuals (Mohajan,
2018). In a qualitative types of research its broad importance is that it attempts to understand how
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participants make sense of their experiences (it does not assume that participants’ accounts refer to
some veri�able reality) but it recognizes that this involves a process of interpretation by the researcher
(Hancock, et al., 2009). This is why it de�ned as an interpretive process in which the researcher makes an
interpretation of the meaning of the lived experiences (Cresswell, 2007). To understand the live experience
of the individuals and phenomenon under study facts from the individuals involved in the study gathered
using an appropriate methods and tools.

Accordingly, the required qualitative and quantitative data were captured using appropriate methods and
tools. While FGD, KII, and �eld observation were used to gather qualitative data with the help of
discussion and in-depth interview guiding checklist, a household survey was employed to collect
�gurative data with structured questionnaire.

2.4. Analysis
Statistical Package for Social Science (SPSS) version 20 software was used to analyze data.
Unpackaged voice data �rst transcribed and transformed in to verbal or text forms of data. The
transcribed data were subject to categorization. Reading and re-reading of the text (transcribed data) to
identify themes or patterns (i.e., ideas, concepts, behaviors, interactions, etc) and organize them into
coherent categories that summarizes the whole data were carefully undertaken. Categorization is central
steps of analysis in the hunt to meaning for different words and phrases through bringing together a
number of observations, ideas and concepts which we consider similar in some respects, by implied
contrast with other ides, concepts or observations (Dey, 1993). Finally, content analysis was used to
produce this report. The advantage of content analysis is that it involves counting the frequency of
occurrence of particular words, phrases, or concepts to summarize the whole text data and helps to
produce a meaningful report (Hancock, et al., 2009).

3. Result and discussion

3.1. Livelihood strategies of the community
From focus group discussion and �eld observation, it was learned that, in the study area, crop-livestock
mixed farming is the main means of living Crop production takes the highest land share because of land
scarcity and economic capacity to own animals. Even though crop production was more practiced, it
does not satisfy their annual food demand and thus, they rely on external food aid (Assefa, et al.,
Submitted). Teff, sorghum, and maize were the most major crop types, and cattle, goat, sheep, donkey,
and poultry are commonly reared livestock.

3.2. Domestic energy sources of the rural household
From the focus group discussion and observations in the area, it was evident that biomass is the highest
source of energy on which the entire rural households rely. All the respondents (100%) reported that �re
wood is used as a fuel for cooking, lighting and heating purposes. Although the extent is very low, they
support their energy need with animal dung (85.49%) and crop residue (83.55%) for cooking, and some
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also use kerosene (46.09%) and only 4.09% use small scale alternative energy sources like solar for
lighting. Besides, very few, 4.57% of the respondents indicated that they use charcoal for heating and
rarely use for coffee ceremony and majorities prepare and sell it to the urban residents (Table 1). Cooking
was done primarily by �rewood, and followed by animal dung and crop residues. Crop residue was used
especially in the dry season at the time of harvesting period. Modi, (2004) found that poor individuals
without access to modern energy source rely on traditional energy such as fuel wood and charcoal, which
lead to environmental degradation such as deserti�cation and soil erosion. In Ethiopia, studies showed
that, the share of traditional biomass fuel (i.e., in the form of wood, charcoal and dung) accounts ~90%
of total primary energy use of the household (Mekonnen and Kohlin, 2009), and about 84% and 99% of
urban and rural households, respectively, rely on biomass as their primary fuel for cooking (Gurmessa,
2010). The practice was also common in many Sub-Saharan Africa, example, in Zambia where fuel wood
is used for cooking and heating by 97% of rural and 85% of urban households (Central Statistics O�ce,
2005), and generally it is the major source of energy and contributing to over 70% of the total national
energy budget (GRZ, 2007).

Table 1
Domestic energy sources on which rural households relied

Domestic energy sources North Wollo
(n=215)

Wag Hemera
(n=183)

Average

(n=398)

% % %

Fire wood 100 100 100.00

Dung cake 84.19 86.79 85.49

Crop residue 85.12 81.97 83.55

Charcoal 3.09 6.05 4.57

Kerosene 47.91 44.26 46.09

Small scale of alternative energy technology
(Solar or electricity)

3.26 4.92 4.09

Sources: Own survey

The high dependence of rural households on traditional fuel was mainly associated to the economic
development level of the country and settlement pattern of the community. Despite the technology
advancement in alternative energy sources, the practice of using it was not considerable in the area.
Moreover, FGD discussants said that the use of forest as main source of domestic energy has attained
di�cult state. On one hand, forest/woodland has been declining progressively compared to the situation
in past (30-40 years ago). Musa and Azare (2016) indicated that in the past, the source of fuel wood was
simple, and the environmental impacts arising from its exploitation were minimal due to low human
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population, however, as a result of population increase, dependence on wood as a source of fuel started
showing signs of inadequacy.

On the other hand, the discussants explained that cutting tree for �re wood adversely affect land
productivity and food security due to solemn degradation since tree and their emendate environment are
the main sources of their livelihood. Even due to the previous unwise act, the community has been
observing severe drought and loss of their livings including damage on their land. Replanting and
growing tree will not be as easy as utilizing tree as the semi-arid environmental situation challenge
growth. Dawit (2010) also noted that the huge amount of wood consumption, especially in the rural
areas, is a catastrophic to the environment as tree plantation to replace them is not so common. The
resulted deforestation that has been going on for many decades is also a cause to biodiversity loss and
soil erosion which in turn affects the balance of the ecosystem. Generally, the upturning cumulative
impacts of using traditional biomass as energy source on the livelihood and both rural and urban human
wellbeing appear as the main insistent factor to switch from traditional energy source to modern sources
but net yet.

3.3. Effects of rural household dependence on biomass for
fuel on forest resources
The impacts of historical droughts, domestic consumption of tree, population growth, natural and
accelerated aridity of the land, and the impact of current climate change were noted as the key reasons
for the existing poor coverage of forest in the area. Discussants said that the communities were severely
maltreated by droughts occurred in 1955, 1965, 1975, 1985, 1995, 2005 and 2015. Of these, although all
the mentioned had caused comparable and continued impact on the community, the 1985 drought was
caused the most severe impact on the human lives and forest resource. Dryness of trees and consequent
depletion of natural resource including the fertile topsoil and the consequent poverty were among the
most mentioned.

All the respondents (100%) and discussants stated human contribution for the clearance of tree outweigh
than the impact of drought (Figure 1). Although cutting trees for �re wood, house construction and other
forest product like timber causes deforestation, conversion of forest land into cultivated land is also
important cause of deforestation (FAO, 2016), which increase erosion, land degradation, biodiversity loss,
food insecurity and poverty (FAO, 2017). Understanding the multiple side effects of deforestation on
human life including local energy supply, there is growing interest to rehabilitate the area through
massive plantation by government and non-government organizations. Despite natural and accelerated
aridity that hinders the growth of forest biomass, dependence for fuel appeared as serious problem for an
effective rehabilitation in the study area. Globally, enduring dependence of energy on �re wood for
cooking, heating and lighting was added additional burden on land rehabilitation and poverty reduction
efforts. FAO, (2017) stated that limited availability of, and access to �re wood fuel could exacerbate
hunger and poverty by challenging the primary energy source for various purposes including cooking.
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The impact of energy problem moves from environmental and economic to social, example, through
imposing women to move long distant to collect �re wood. Mazzoni, et al., (2003) stated that traditional
fuel use has disproportionate effects on women, and contributes further to the social inequalities that are,
for instance, caused by an uneven distribution of fuel-collection, cooking, and childcare responsibilities
between men and women within the household. Of all these, the worst situation was the lack of no
progress to switch from relying on traditional energy, which reached to no capacity to offer needed
service, to alternative energy source. Because, in the nearby area, there were no forestlands from which
the people could access �re wood easily though less recommended. Thus, community more rely on the
animal dung and crop residue, which have still its own effect on the efforts to ensure food security.

3.3.1. Effects of biomass fuel utilization on agricultural
production
Cutting tree for domestic energy source such as for �re wood and charcoal were among the key causes
for the continued removal of forest resource and resultant low soil fertility, 100% of the respondents
reported (Figure 1). Demands of fuel increase due to ever growing population that relies on biomass for
fuel. In urban areas, where alternative energy such as electricity is available, due to cultural background
and cost, Ethiopians prefer charcoal for cooking and heating. This adds to deforestation and land
degradation through soil erosion and wind. In the study area, due to severe shortage of wood, animal
dung has been used as energy sources for cooking, which should have been utilized for fertilizing
cropland. Studies showed that cattle dung contains essential nutrients such as potassium, phosphorus
and nitrogen and organic carbon, which have signi�cant role on soil fertility (Nyamangara et al., 2001;
Lakasi et al., 2003; Negasa et al., 2017). Thus, utilization of cattle dung for energy could adversely affect
crop production.

In the study area, farmers use crop residue, mainly residue of maize and sorghum for fuel, and residue of
crops such as teff is used for feeding livestock. From nutrient recycling and maintaining soil quality and
reducing erosion perspectives, keeping residue on cropland is important (Turmel et al., 2014). Thus,
removing residue, e.g., for fuel could affect cropland productivity and food security. As a result the
farmers live in impoverished situation due to presence of both acute and transitory poverty. Because, the
effects of degradation on land productivity; agriculture and livestock production had a negative effect on
livelihoods of the community (Habtamu, et al., 2015). Biomass of the study site was highly impacted by
repeatedly occurred severe drought, traditional farming practice and energy utilization pattern. The
biomass production of the area is not su�cient to provide enough feed for livestock.

Discussants explained that land is being infertile and they could not be able to cover the consumption
need of the household. About 97% of the surveyed households relate low productivity with loss of tree
cover, which has several environmental bene�t including erosion reduction and climate control, as they
expressed (Figure 1). Deforestation causes drought and �ooding, among others, leading to a decline in
agricultural yields and food security (Berhanu, et al., 2017).
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Utilization of biomass for energy could have multiple effects on livestock production. Accordingly, about
95% of surveyed respondents reported that the present energy need for �re wood has been provoking the
challenges of livestock production and productivity in many dimensions such as loss of grass; increase
the prevalence of disease, and access to water (Figure 1). Land degradation due to forest could reduce
availability of forage and water. That means, farmers were facing stern challenge to found pasture and
water for their animals. While challenge for grass was due to couple of problems such as land
degradation and sacristy of grassing land, accessibility of water especially during the dry season was
mainly due to land degradation that caused by clearing tree or due to the biomass was destroyed. The
perceived climate change due to deforestation and land degradation could be less suitable for livestock.
Example, temperature affects most of the critical factors of livestock production, such as water
availability, animal production and reproduction, and animal health (mostly through heat stress) (IPCC,
2019). This created favorable conditions for the occurrence of animal disease and affected the health of
livestock. Rojas-Downing, et al., (2017) livestock diseases are mostly affected by increases in
temperature and precipitation variation. Due to various infectious animal diseases caused by climate
change, farmers lost their livestock and pressurized to have only few, affecting their livelihood.

Water availability of the area is low, particularly in dry season, which is associated to increased surface
runoff in rainy season resulting from land degradation due to, partly, removing forest and other biomass
for fuel. In this regard, about 87% of informants reported access to water was the pressing challenges in
the area, which was due to primary dependence of the rural dwellers for wood on biomass (Figure 1). FAO
(2015) stated that forests play a crucial role in the partitioning of water into surface �ow, subsurface �ow,
and evapotranspiration. In contrast, the removals of forest and other biomass strongly impair the
hydrological functioning of the environment (Todd-Brown, et al., 2013). Thus, discussants explained that
due to land degradation ponds and water points were progressively dried up in the area. Reis-Pereira, et
al., (2014) and Chakravarty, et al., (2012) pointed out that any change in the original land use can result in
signi�cant alterations of the water balance components of a watershed.

The observed scarcity of water in the area affected their live in various aspects: farmers were pressed to
travel distant area in search of water for their livestock and domestic consumption especially by women.
It added double burden on the farmers’ livelihood through sharing their precious time and affecting their
health. Water shortage affects crop production and livestock.

3.3.2. Implication of biomass energy utilization on
household food insecurity
In the study area, there has been chronic food insecurity for more than three decades (Assefa et al.,
submitted). Focus group discussants and 98% of surveyed households indicated that land degradation
partly due to utilization of biomass (fuel wood, charcoal, crop residue and animal dung) for energy
contributed to the existing nasty food insecurity. As a result, farmers’ ability to feed own household from
self-production was very low, which might be not more than six months per year. The remaining months
would be covered by donor based food aid, in the area, which was the long-existed trend In particular,
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following the Great Ethiopian Famine of 1984-1985, for example, more than 5 million people, majority are
from northern region, have received food aid in the country on annual basis, indicating a situation of
chronic food insecurity (Aschale, 2012). The land degradation, partly, due to back warded biomass energy
utilization contributes for food insecurity.

The constant supply of food aid for the poor farmers with the aim of �lling the yearly food gap had been
passed two periods. Before 2005 the support of food was offered with the central aim of humanitarian
act, since that time the support was shaped to developmental forms. On the other word, the previous
cater of food for the needy people in the area was primarily initiated by natural event mainly drought but
the revised forms of support of food aid was aimed to reduce food insecurity through the developmental
activities like watershed management practices through the model of food-for-work. In the revised
approach of food aid the eligible household, ‘poor-of the-poor, could receive aid up on participating on
developmental activities such as watershed management, which supposed to restore degraded land and
perhaps improve the biomass energy supply. The food-for-work approach received great attention due to
growing government, NGOs and development partners’ interest to restore degraded landscape.

Environmental rehabilitation as a strategy for delivering food relief seemed a good approach of using
relief to development, but the productivity and quality of outputs were claimed to have generally poor and
maintenance of established development activities, e.g., soil and water conservation structures and
planted trees, is inadequate (Bishop & Hilhorst, 2010). This could be a bottleneck requiring improvement
in monitoring.

3.3.3. Contribution of using traditional fuel for climate
change
In the study area, the rural people depend on natural resources for their living. Primarily, to make food
they plough land by converting the forest land in to agricultural land. Farmers depend on biomass to get
energy to ful�ll all their domestic energy need. During this time they cut tree to get �re wood and charcoal.
Similarly, they also cut tree to construct house and to furnish their home with furniture. All these action
leads for the production of carbon dioxide gases which is among the major gases of greenhouse gases
and have high contribution for global climate change. Fuel wood, roots, agricultural residues and animal
dung are responsible for high emissions of carbon monoxide, hydrocarbons and particulate matter
(Kibria, 2015).

Of all these causes, we have a chance to mitigate our domestic contribution of carbon dioxide and the
resultant climate change by renovating our energy dependence from the traditional biomass to clean,
environmentally friendly, and modern renewable energy technologies systems. Renewable energy
technologies provide an exceptional opportunity for mitigation of greenhouse gas emission and reducing
global warming through substituting conventional energy sources (Panwar, et al., 2011). In this regard,
unless we do not act immediately the costs of the climate impact will be enormous (WBU, 2009). In
addition, embracing of modern energy forms are indispensable because it is capable of improving the
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living standards of billions of people, particularly in developing countries, who lack access to service or
whose consumption levels are far below those of people in industrialized countries (Anderson, 2000).

3.4. Barriers to Adoption of Modern Energy Technologies
Discussants coined many challenges as that constrained to adopt alternative energy technologies.
Accordingly, rural households indicated shortage of capital or �nance, access, durability and awareness
to adapt alternative energy technology were the major challenges to adopt. Explicitly, (1) high initial cost,
(2) lack of accounting of externalities of conventional generation, (3) lack of data and information about
resources, (4) challenge of integrating renewable energy technologies into the electricity grid, (5)
subsidies for conventional generation, (6) lack of storage facilities, (7) inadequate capacity to build and
monitor performance of renewables, and (8) impact on agricultural land use (Sathaye, et al., 2011). Detail
of discussion results narrated as follows.

3.4.1. Shortage of capital
Different small alternative energy technologies that can be adopted by rural households are available in
the market. Finance matters adoption of the technology. Majority, 98% of respondents across the study
areas reported that shortage of �nance was among the key barriers to adopt small scale modern energy
technologies such as solar energy for lighting, solar energy consuming radio, and hand battery (Figure 2).
Although modern renewable energy technologies that can reach by government through grid system such
as biofuel, geothermal, wind, solar and hydropower energy, adopting easy technologies that can be built
within the household level like biogas and small solar system for basic domestic needs including for
cooking and lighting is still being impossible due to �nancial constraint. Moreover, due to lack of �nance,
the rural people were even not able to use the small solar system which can only serve for lighting.
Quitzow, et al., (2016) stated that for most people in Africa, energy is inaccessible, unreliable, and
unaffordable. Sathaye, et al., (2011) stated that higher initial cost of renewable energy technologies
compared to conventional generation options hinders their large scale adoption particularly in developing
countries, where cost is a prime concern.

Due to this the rural people still rely for their fuel demand on traditional biomass and that exposed their
live to diverse contest include environmental, social and health problems. Smoke from the use of fuel
wood and dung for cooking contributes to acute respiratory infections (Berhanu, et al., 2017), which is
worse in poor countries, particularly on women who are responsible for cooking, due to indoor pollution
where houses are not equipped with separate living and cooking places (Mazzoni, et al., 2003; Geissler et
al., 2013).

3.4.2. Lack of access
Access to technology matters the adaptation characteristics of individuals. Discussants and 97% of
surveyed households across North Wollo and Wag Hemera zone stated that access to alternative energy
technologies lack in their community (Figure 2). That mean, the rural household in the study area have
poor access of modern alternative energy for cooking, lighting and heating purposes. Energy access
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involves access to electricity and to clean fuels and technologies for cooking, which is commonly referred
to as ‘clean cooking’ (UNEP, 2019). Societies that depend on traditional energy activities are found at the
bottom rung of the energy ladder (UNCTAD, 2010). Access is a function of availability and affordability,
while for energy to be considered available to a household, the household must be within the economic
connection and supply range of the energy network or supplier, affordability refers to the ability of the
household to pay the up-front connection cost (or �rst cost) and energy usage costs (Chaurey, et al.,
2004). This result in deforestation and degradation of the land and led to face serious health problem.

Therefore, improving the access of alternative energy for all residential purpose has diverse bene�t.
Among overwhelming bene�ts, improving the productivity of land and food security, as the action
indirectly helps to maintain soil fertility, could be the major. In addition, modern energy reduce indoor
pollution, improved educational outcomes, school children will have access to lighting to study, improved
health and potential reduction in rural–urban migration (Hafner, et al., 2018). In contrast, in towns near to
the rural household, there are accesses to girded electric system although they use mainly for lighting and
use wood and charcoal for cooking. Access concerns need to be understood in a local context and in
most countries there is an obvious difference between electri�cation in the urban and rural areas, this is
especially true in sub-Saharan Africa and South Asian region (Brew-Hammond, 2010).

Moreover, if access to renewable modern energy is created for rural biomass dependent households that
will transform the entire situation and improve socioeconomic development of the poor. Access to energy
is among the key elements for the economic and social developments of Ethiopia (FDRG MoWE, 2012),
and in current societies, access to energy is considered as a major factor for sustainability in both
developed and developing countries (Hafner, et al., 2018). On the other hand, if the experience of using of
traditional fuel continue within this pattern and action will not be taken, the practice will put back the
strong desire and efforts of internationally accepted sustainable development goal to realize sustainable
development in the world through switching the pattern of energy use from traditional to new renewable
energy consumption. The sustainable development goal seven seeks to ensure that energy is clean,
affordable, available and accessible to all and this can be achieved with renewable energy source (Owusu
& Asumadu-Sarkodie, 2016).

3.4.3. Durability problems
About 97% of respondents conveyed that although rural poor has been trying to adopt some small scale
alternative energy technology lack of durability and robustness were the straining barriers (Figure 2).
Moreover, discussants also stated durability of adaptive alternative energy technologies problem. For
example, one of discussant farmers in Wolehi kebele asked a question “why technology producer are not
reliable or committed to produce durable technology which can work for a long periods, e.g., solar panel?
Currently, although, we didn’t that much adaptive enough but technology that we rarely bought were not
durable. As a result we lost our scarce money”.

When rural farmers decide to adopt alternative energy sources they allocate from their poor capital which
call all involved in technology innovation to produce and offer durable, easy to operate in rural context
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and relatively cheap in price. This may be another opportunity to energy technology producer to get
feedback on their product and to contribute their part to protect the environment and enhance sustainable
development. On the other hand, households or technology users were criticized for their extra concern
about the durability, safety, and convenience of a new cooking device rather they lack adequate
information on the negative health outcomes associated with ine�cient combustion of solid fuels which
has impeded the growth of market demand for clean cooking stoves and other alternative technologies
(Getachew, et al., 2018).

3.4.4. Lack of awareness
Awareness to different alternative energy technologies in the market and their contribution to reduce
burden on their forest resources were limited among the communities. About 93% of informants stated
that although there were problems with �nancial capacity to adopt having poor awareness about the
technologies advantage affect adoption (Figure 2). Awareness on to the overwhelming impact of
biomass energy utilization on soil degradation, low crop productivity, food insecurity, low animal
productivity and water scarcity were poor (REN-21, 2010).

3.5. Impact of traditional fuel consumption to sustainable
livelihood
In the move to ensure sustainable livelihood all the capabilities, assets and activities required for a means
of living are needed to ensure the sustainable situation for human being to cope with and recover from
stress and shocks and maintain its capabilities and assets for the future generation. The high
dependence of people on the biomass energy for domestic use could affect sustainable livelihood due to
natural resource depletion and limitation for alternative activities, e.g., wood and metal works, pumping
ground water for irrigation, that require energy.

However, deforestation in search of additional land for farming by cutting tree was the reason for natural
resource depletion but continues day to day consumption of forest resource as fuel for domestic energy
were highly affected the livelihood of rural people. This implies that all the practice to secure means of
living was seriously affected the productive base for both the current and future generations. The practice
opposes the widely accepted concept and de�nition of the World Commission on Environment and
Development “development that meets the needs of the present without compromising the ability of
future generations to meet their own needs” (WCED, 1987; Bojo et al., 1992).

Due to deforestation, rural household income reduced and resulted in holistic poverty because it affected
all the income sources of the households. Since, the only means of their livelihood, which include
livestock and crop productions, were seriously affected because of scarcity to pasture, water, soil fertility,
timely rainfall, and available moisture content of the area were seriously impacted. These calls to take
dramatic action on the approach to shift from the traditional way of living to modern fashion with choose
of energy alternatives. Because renewable technologies are considered as clean sources of energy and
optimal use of these resources decreases environmental impacts, produces minimum secondary waste
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and are sustainable based on the current and future economic and social needs (Owusu & Asumadu-
Sarkodie, 2016). Accordingly, the shift from traditional energy use to modern renewable forms of energy
source contributes not only limited to reducing impact on natural environment rather bene�ts the struggle
to ensure food security and eradicate absolute poverty.

Therefore, the start to shift in to modern energy must began with the task to enhance the rehabilitation
efforts and urge to augment an adaptive capacity of the rural household to any natural event like drought
and damaging �ood. Because the implication of working on rehabilitation effort and enhancing adaptive
capacity means replacing the plant in place of a tree that catted to address the traditional fuel need and
building the �nancial capacity to adopt modern new renewable energy technology respectively. Sawin, et
al., (2016) noted that societies around the world are on the verge of a profound and urgently necessary
transformation in the way they produce and use energy. UN, (2011) because they understood that even
though it’s convenient to use coal, oil, and natural gas for meeting their energy needs, they have a limited
supply of these fuels on the Earth and eventually they will run out since the present patterns of use of
those nonrenewable sources of energy are much more rapidly than they are being created.

Hence, huge investments are needed in additional and replacement capacity for producing, converting,
transporting and distributing energy in developing countries to meet the current and future needs of
renewable energy option (OECD, 2007). Besides, identi�ed three inter-linked objectives that are necessary
for long-term sustainable development in the world in relation to access to energy by the Sustainable
Energy for All Initiative also con�rms the importance of taking urgent action to ensure sustainable
development and eradicate poverty. These includes ensure universal access to modern energy services;
double the rate of improvement in energy e�ciency; and double the share of renewable energy in the
global energy mix (Vezzoli, et al., 2018).

3. Result And Discussion
3.1 Livelihood strategies of the community 

From focus group discussion and �eld observation, it was learned that, in the study area, crop-livestock
mixed farming is the main means of living Crop production takes the highest land share because of land
scarcity and economic capacity to own animals.  Even though crop production was more practiced, it
does not satisfy their annual food demand and thus, they rely on external food aid (Assefa, et al.,
Submitted). Teff, sorghum, and maize were the most major crop types, and cattle, goat, sheep, donkey,
and poultry are commonly reared livestock.

3.2 Domestic energy sources of the rural household 

From the focus group discussion and observations in the area, it was evident that biomass is the highest
source of energy on which the entire rural households rely. All the respondents (100%) reported that �re
wood is used as a fuel for cooking, lighting and heating purposes. Although the extent is very low, they
support their energy need with animal dung (85.49%) and crop residue (83.55%) for cooking, and some
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also use kerosene (46.09%) and only 4.09% use small scale alternative energy sources like solar for
lighting. Besides, very few, 4.57% of the respondents indicated that they use charcoal for heating and
rarely use for coffee ceremony and majorities prepare and sell it to the urban residents (Table 1). Cooking
was done primarily by �rewood, and followed by animal dung and crop residues. Crop residue was used
especially in the dry season at the time of harvesting period. Modi, (2004) found that poor individuals
without access to modern energy source rely on traditional energy such as fuel wood and charcoal, which
lead to environmental degradation such as deserti�cation and soil erosion. In Ethiopia, studies showed
that, the share of traditional biomass fuel (i.e., in the form of wood, charcoal and dung) accounts ~90%
of total primary energy use of the household (Mekonnen and Kohlin, 2009), and about 84% and 99% of
urban and rural households, respectively, rely on biomass as their primary fuel for cooking (Gurmessa,
2010). The practice was also common in many Sub-Saharan Africa, example, in  Zambia where fuel
wood is used for cooking and heating by 97% of rural and 85% of urban households (Central Statistics
O�ce, 2005), and generally it is the major source of energy and contributing to over 70% of the total
national energy budget (GRZ, 2007).

Table 1: Domestic energy sources on which rural households relied  

Domestic energy sources North Wollo
(n=215)

Wag Hemera
(n=183)

Average 

(n=398)

% % %

Fire wood 100 100 100.00

Dung cake 84.19 86.79 85.49

Crop residue   85.12 81.97 83.55

Charcoal 3.09 6.05 4.57

Kerosene  47.91 44.26 46.09

Small scale of alternative energy technology
(Solar or electricity)

3.26 4.92 4.09

Sources: Own survey

The high dependence of rural households on traditional fuel was mainly associated to the economic
development level of the country and settlement pattern of the community. Despite the technology
advancement in alternative energy sources, the practice of using it was not considerable in the area.
Moreover, FGD discussants said that the use of forest as main source of domestic energy has attained
di�cult state. On one hand, forest/woodland has been declining progressively compared to the situation
in past (30-40 years ago). Musa and Azare (2016) indicated that in the past, the source of fuel wood was
simple, and the environmental impacts arising from its exploitation were minimal due to low human
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population, however, as a result of population increase,   dependence on wood as a source of fuel started
showing signs of inadequacy.

On the other hand, the discussants explained that cutting tree for �re wood adversely affect land
productivity and food security due to solemn degradation since tree and their emendate environment are
the main sources of their livelihood. Even due to the previous unwise act, the community has been
observing severe drought and loss of their livings including damage on their land. Replanting and
growing tree will not be as easy as utilizing tree as the semi-arid environmental situation challenge
growth. Dawit (2010) also noted that the huge amount of wood consumption, especially in the rural
areas, is a catastrophic to the environment as tree plantation to replace them is not so common. The
resulted deforestation that has been going on for many decades is also a cause to biodiversity loss and
soil erosion which in turn affects the balance of the ecosystem. Generally, the upturning cumulative
impacts of using traditional biomass as energy source on the livelihood and both rural and urban human
wellbeing appear as the main insistent factor to switch from traditional energy source to modern sources
but net yet. 

3.3 Effects of rural household dependence on biomass for fuel on forest resources  

The impacts of historical droughts, domestic consumption of tree, population growth, natural and
accelerated aridity of the land, and the impact of current climate change were noted as the key reasons
for the existing poor coverage of forest in the area. Discussants said that the communities were severely
maltreated by droughts occurred in 1955, 1965, 1975, 1985, 1995, 2005 and 2015. Of these, although all
the mentioned had caused comparable and continued impact on the community, the 1985 drought was
caused the most severe impact on the human lives and forest resource. Dryness of trees and consequent
depletion of natural resource including the fertile topsoil and the consequent poverty were among the
most mentioned. 

All the respondents (100%) and discussants stated human contribution for the clearance of tree outweigh
than the impact of drought (Figure 1). Although cutting trees for �re wood, house construction and other
forest product like timber causes deforestation, conversion of forest land into cultivated land is also
important cause of deforestation (FAO, 2016), which  increase erosion, land degradation, biodiversity loss,
food insecurity and poverty (FAO, 2017). Understanding the multiple side effects of deforestation on
human life including local energy supply, there is growing interest to rehabilitate the area through
massive plantation by government and non-government organizations. Despite natural and accelerated
aridity that hinders the growth of forest biomass, dependence for fuel appeared as serious problem for an
effective rehabilitation in the study area. Globally, enduring dependence of energy on �re wood for
cooking, heating and lighting was added additional burden on land rehabilitation and poverty reduction
efforts. FAO, (2017) stated that limited availability of, and access to �re wood fuel could exacerbate
hunger and poverty by challenging the primary energy source for various purposes including cooking. 

The impact of energy problem moves from environmental and economic to social, example, through
imposing women to move long distant to collect �re wood. Mazzoni, et al., (2003) stated that traditional
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fuel use has disproportionate effects on women, and contributes further to the social inequalities that are,
for instance, caused by an uneven distribution of fuel-collection, cooking, and childcare responsibilities
between men and women within the household. Of all these, the worst situation was the lack of no
progress to switch from relying on traditional energy, which reached to no capacity to offer needed
service, to alternative energy source. Because, in the nearby area, there were no forestlands from which
the people could access �re wood easily though less recommended. Thus, community more rely on the
animal dung and crop residue, which have still its own effect on the efforts to ensure food security. 

3.3.1 Effects of biomass fuel utilization on agricultural production 

Cutting tree for domestic energy source such as for �re wood and charcoal were among the key causes
for the continued removal of forest resource and resultant low soil fertility, 100% of the respondents
reported (Figure 1). Demands of fuel increase due to ever growing population that relies on biomass for
fuel. In urban areas, where alternative energy such as electricity is available, due to cultural background
and cost, Ethiopians prefer charcoal for cooking and heating. This adds to deforestation and land
degradation through soil erosion and wind. In the study area, due to severe shortage of wood, animal
dung has been used as energy sources for cooking, which should have been utilized for fertilizing
cropland. Studies showed that cattle dung contains essential nutrients such as potassium, phosphorus
and nitrogen and organic carbon, which have signi�cant role on soil fertility (Nyamangara et al., 2001;
Lakasi et al., 2003; Negasa et al., 2017). Thus, utilization of cattle dung for energy could adversely affect
crop production.  

In the study area, farmers use crop residue, mainly residue of maize and sorghum for fuel, and residue of
crops such as teff is used for feeding livestock. From nutrient recycling and maintaining soil quality and
reducing erosion perspectives, keeping residue on cropland is important (Turmel et al., 2014). Thus,
removing residue, e.g., for fuel could affect cropland productivity and food security. As a result the
farmers live in impoverished situation due to presence of both acute and transitory poverty. Because, the
effects of degradation on land productivity; agriculture and livestock production had a negative effect on
livelihoods of the community (Habtamu, et al., 2015). Biomass of the study site was highly impacted by
repeatedly occurred severe drought, traditional farming practice and energy utilization pattern. The
biomass production of the area is not su�cient to provide enough feed for livestock. 

Discussants explained that land is being infertile and they could not be able to cover the consumption
need of the household. About 97% of the surveyed households relate low productivity with loss of tree
cover, which has several environmental bene�t including erosion reduction and climate control, as they
expressed (Figure 1). Deforestation causes drought and �ooding, among others, leading to a decline in
agricultural yields and food security (Berhanu, et al., 2017).

Utilization of biomass for energy could have multiple effects on livestock production. Accordingly, about
95% of surveyed respondents reported that the present energy need for �re wood has been provoking the
challenges of livestock production and productivity in many dimensions such as loss of grass; increase
the prevalence of disease, and access to water (Figure 1). Land degradation due to forest could reduce
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availability of forage and water. That means, farmers were facing stern challenge to found pasture and
water for their animals. While challenge for grass was due to couple of problems such as land
degradation and sacristy of grassing land, accessibility of water especially during the dry season was
mainly due to land degradation that caused by clearing tree or due to the biomass was destroyed. The
perceived climate change due to deforestation and land degradation could be less suitable for livestock.
 Example, temperature affects most of the critical factors of livestock production, such as water
availability, animal production and reproduction, and animal health (mostly through heat stress) (IPCC,
2019). This created favorable conditions for the occurrence of animal disease and affected the health of
livestock. Rojas-Downing, et al., (2017) livestock diseases are mostly affected by increases in
temperature and precipitation variation. Due to various infectious animal diseases caused by climate
change, farmers lost their livestock and pressurized to have only few, affecting their livelihood.   

Water availability of the area is low, particularly in dry season, which is associated to increased surface
runoff in rainy season resulting from land degradation due to, partly, removing forest and other biomass
for fuel. In this regard, about 87% of informants reported access to water was the pressing challenges in
the area, which was due to primary dependence of the rural dwellers for wood on biomass (Figure 1). FAO
(2015) stated that forests play a crucial role in the partitioning of water into surface �ow, subsurface �ow,
and evapotranspiration. In contrast, the removals of forest and other biomass strongly impair the
hydrological functioning of the environment (Todd-Brown, et al., 2013). Thus, discussants explained that
due to land degradation ponds and water points were progressively dried up in the area.  Reis-Pereira, et
al., (2014) and Chakravarty, et al., (2012) pointed out that any change in the original land use can result in
signi�cant alterations of the water balance components of a watershed. 

The observed scarcity of water in the area affected their live in various aspects: farmers were pressed to
travel distant area in search of water for their livestock and domestic consumption especially by women.
It added double burden on the farmers’ livelihood through sharing their precious time and affecting their
health. Water shortage affects crop production and livestock. 

 3.3.2. Implication of biomass energy utilization on household food insecurity   

In the study area, there has been chronic food insecurity for more than three decades (Assefa et al.,
submitted). Focus group discussants and 98% of surveyed households indicated that land degradation
partly due to utilization of biomass (fuel wood, charcoal, crop residue and animal dung) for energy
contributed to the existing nasty food insecurity. As a result, farmers’ ability to feed own household from
self-production was very low, which might be not more than six months per year. The remaining months
would be covered by donor based food aid, in the area, which was the long-existed trend In particular,
following the Great Ethiopian Famine of 1984-1985, for example, more than 5 million people, majority are
from northern region, have received food aid in the country on annual basis, indicating a situation of
chronic food insecurity (Aschale, 2012). The land degradation, partly, due to back warded biomass energy
utilization contributes for food insecurity. 
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The constant supply of food aid for the poor farmers with the aim of �lling the yearly food gap had been
passed two periods. Before 2005 the support of food was offered with the central aim of humanitarian
act, since that time the support was shaped to developmental forms. On the other word, the previous
cater of food for the needy people in the area was primarily initiated by natural event mainly drought but
the revised forms of support of food aid was aimed to reduce food insecurity through the developmental
activities like watershed management practices through the model of food-for-work. In the revised
approach of food aid the eligible household, ‘poor-of the-poor, could receive aid up on participating on
developmental activities such as watershed management, which supposed to restore degraded land and
perhaps improve the biomass energy supply. The food-for-work approach received great attention due to
growing government, NGOs and development partners’ interest to restore degraded landscape.

Environmental rehabilitation as a strategy for delivering food relief seemed a good approach of using
relief to development, but the productivity and quality of outputs were claimed to have generally poor and
maintenance of established development activities, e.g., soil and water conservation structures and
planted trees, is inadequate (Bishop & Hilhorst, 2010). This could be a bottleneck requiring improvement
in monitoring. 

 3.3.3. Contribution of using traditional fuel for climate change  

In the study area, the rural people depend on natural resources for their living. Primarily, to make food
they plough land by converting the forest land in to agricultural land. Farmers depend on biomass to get
energy to ful�ll all their domestic energy need. During this time they cut tree to get �re wood and charcoal.
Similarly, they also cut tree to construct house and to furnish their home with furniture. All these action
leads for the production of carbon dioxide gases which is among the major gases of greenhouse gases
and have high contribution for global climate change. Fuel wood, roots, agricultural residues and animal
dung are responsible for high emissions of carbon monoxide, hydrocarbons and particulate matter
(Kibria, 2015). 

Of all these causes, we have a chance to mitigate our domestic contribution of carbon dioxide and the
resultant climate change by renovating our energy dependence from the traditional biomass to clean,
environmentally friendly, and modern renewable energy technologies systems. Renewable energy
technologies provide an exceptional opportunity for mitigation of greenhouse gas emission and reducing
global warming through substituting conventional energy sources (Panwar, et al., 2011). In this regard,
unless we do not act immediately the costs of the climate impact will be enormous (WBU, 2009). In
addition, embracing of modern energy forms are indispensable because it is capable of improving the
living standards of billions of people, particularly in developing countries, who lack access to service or
whose consumption levels are far below those of people in industrialized countries (Anderson, 2000).

3.4. Barriers to Adoption of Modern Energy Technologies 

Discussants coined many challenges as that constrained to adopt alternative energy technologies.
Accordingly, rural households indicated shortage of capital or �nance, access, durability and awareness
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to adapt alternative energy technology were the major challenges to adopt. Explicitly, (1) high initial cost,
(2) lack of accounting of externalities of conventional generation, (3) lack of data and information about
resources, (4) challenge of integrating renewable energy technologies into the electricity grid, (5)
subsidies for conventional generation, (6) lack of storage facilities, (7) inadequate capacity to build and
monitor performance of renewables, and (8) impact on agricultural land use (Sathaye, et al., 2011). Detail
of discussion results narrated as follows. 

3.4.1. Shortage of capital  

Different small alternative energy technologies that can be adopted by rural households are available in
the market. Finance matters adoption of the technology. Majority, 98% of respondents across the study
areas reported that shortage of �nance was among the key barriers to adopt small scale modern energy
technologies such as solar energy for lighting, solar energy consuming radio, and hand battery (Figure 2).
Although modern renewable energy technologies that can reach by government through grid system such
as biofuel, geothermal, wind, solar and hydropower energy, adopting easy technologies that can be built
within the household level like biogas and small solar system for basic domestic needs including for
cooking and lighting is still being impossible due to �nancial constraint. Moreover, due to lack of �nance,
the rural people were even not able to use the small solar system which can only serve for lighting.
Quitzow, et al., (2016) stated that for most people in Africa, energy is inaccessible, unreliable, and
unaffordable. Sathaye, et al., (2011) stated that higher initial cost of renewable energy technologies
compared to conventional generation options hinders their large scale adoption particularly in developing
countries, where cost is a prime concern. 

Due to this the rural people still rely for their fuel demand on traditional biomass and that exposed their
live to diverse contest include environmental, social and health problems. Smoke from the use of fuel
wood and dung for cooking contributes to acute respiratory infections (Berhanu, et al., 2017), which is
worse in poor countries, particularly on women who are responsible for cooking, due to indoor pollution
where houses are not equipped with separate living and cooking places (Mazzoni, et al., 2003; Geissler et
al., 2013). 

3.4.2. Lack of access    

Access to technology matters the adaptation characteristics of individuals. Discussants and 97% of
surveyed households across North Wollo and Wag Hemera zone stated that access to alternative energy
technologies lack in their community (Figure 2). That mean, the rural household in the study area have
poor access of modern alternative energy for cooking, lighting and heating purposes. Energy access
involves access to electricity and to clean fuels and technologies for cooking, which is commonly referred
to as ‘clean cooking’ (UNEP, 2019). Societies that depend on traditional energy activities are found at the
bottom rung of the energy ladder (UNCTAD, 2010). Access is a function of availability and affordability,
while for energy to be considered available to a household, the household must be within the economic
connection and supply range of the energy network or supplier, affordability refers to the ability of the
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household to pay the up-front connection cost (or �rst cost) and energy usage costs (Chaurey, et al.,
2004). This result in deforestation and degradation of the land and led to face serious health problem. 

Therefore, improving the access of alternative energy for all residential purpose has diverse bene�t.
Among overwhelming bene�ts, improving the productivity of land and food security, as the action
indirectly helps to maintain soil fertility, could be the major. In addition, modern energy reduce indoor
pollution, improved educational outcomes, school children will have access to lighting to study, improved
health  and potential reduction in rural–urban migration (Hafner, et al., 2018). In contrast, in towns near to
the rural household, there are accesses to girded electric system although they use mainly for lighting and
use wood and charcoal for cooking. Access concerns need to be understood in a local context and in
most countries there is an obvious difference between electri�cation in the urban and rural areas, this is
especially true in sub-Saharan Africa and South Asian region (Brew-Hammond, 2010).

Moreover, if access to renewable modern energy is created for rural biomass dependent households that
will transform the entire situation and improve socioeconomic development of the poor. Access to energy
is among the key elements for the economic and social developments of Ethiopia (FDRG MoWE, 2012),
and in current societies, access to energy is considered as a major factor for sustainability in both
developed and developing countries (Hafner, et al., 2018). On the other hand, if the experience of using of
traditional fuel continue within this pattern and action will not be taken, the practice will put back the
strong desire and efforts of internationally accepted sustainable development goal to realize sustainable
development in the world through switching the pattern of energy use from traditional to new renewable
energy consumption. The sustainable development goal seven seeks to ensure that energy is clean,
affordable, available and accessible to all and this can be achieved with renewable energy source (Owusu
& Asumadu-Sarkodie, 2016). 

3.4.3. Durability problems 

About 97% of respondents conveyed that although rural poor has been trying to adopt some small scale
alternative energy technology lack of durability and robustness were the straining barriers (Figure 2).
Moreover, discussants also stated durability of adaptive alternative energy technologies problem. For
example, one of discussant farmers in Wolehi kebele asked a question “why technology producer are not
reliable or committed to produce durable technology which can work for a long periods, e.g., solar panel?
Currently, although, we didn’t that much adaptive enough but technology that we rarely bought were not
durable. As a result we lost our scarce money”. 

When rural farmers decide to adopt alternative energy sources they allocate from their poor capital which
call all involved in technology innovation to produce and offer durable, easy to operate in rural context
and relatively cheap in price. This may be another opportunity to energy technology producer to get
feedback on their product and to contribute their part to protect the environment and enhance sustainable
development. On the other hand, households or technology users were criticized for their extra concern
about the durability, safety, and convenience of a new cooking device rather they lack adequate
information on the negative health outcomes associated with ine�cient combustion of solid fuels which
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has impeded the growth of market demand for clean cooking stoves and other alternative technologies
(Getachew, et al., 2018).

3.4.4. Lack of awareness 

Awareness to different alternative energy technologies in the market and their contribution to reduce
burden on their forest resources were limited among the communities. About 93% of informants stated
that although there were problems with �nancial capacity to adopt having poor awareness about the
technologies advantage affect adoption (Figure 2). Awareness on to the overwhelming impact of
biomass energy utilization on soil degradation, low crop productivity, food insecurity, low animal
productivity and water scarcity were poor (REN-21, 2010). 

3.5. Impact of traditional fuel consumption to sustainable livelihood 

In the move to ensure sustainable livelihood all the capabilities, assets and activities required for a means
of living are needed to ensure the sustainable situation for human being to cope with and recover from
stress and shocks and maintain its capabilities and assets for the future generation. The high
dependence of people on the biomass energy for domestic use could affect sustainable livelihood due to
natural resource depletion and limitation for alternative activities, e.g., wood and metal works, pumping
ground water for irrigation, that require energy. 

However, deforestation in search of additional land for farming by cutting tree was the reason for natural
resource depletion but continues day to day consumption of forest resource as fuel for domestic energy
were highly affected the livelihood of rural people. This implies that all the practice to secure means of
living was seriously affected the productive base for both the current and future generations. The practice
opposes the widely accepted concept and de�nition of the World Commission on Environment and
Development “development that meets the needs of the present without compromising the ability of
future generations to meet their own needs” (WCED, 1987; Bojo et al., 1992). 

Due to deforestation, rural household income reduced and resulted in holistic poverty because it affected
all the income sources of the households. Since, the only means of their livelihood, which include
livestock and crop productions, were seriously affected because of scarcity to pasture, water, soil fertility,
timely rainfall, and available moisture content of the area were seriously impacted. These calls to take
dramatic action on the approach to shift from the traditional way of living to modern fashion with choose
of energy alternatives. Because renewable technologies are considered as clean sources of energy and
optimal use of these resources decreases environmental impacts, produces minimum secondary waste
and are sustainable based on the current and future economic and social needs (Owusu & Asumadu-
Sarkodie, 2016). Accordingly, the shift from traditional energy use to modern renewable forms of energy
source contributes not only limited to reducing impact on natural environment rather bene�ts the struggle
to ensure food security and eradicate absolute poverty.  
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Therefore, the start to shift in to modern energy must began with the task to enhance the rehabilitation
efforts and urge to augment an adaptive capacity of the rural household to any natural event like drought
and damaging �ood. Because the implication of working on rehabilitation effort and enhancing adaptive
capacity means replacing the plant in place of a tree that catted to address the traditional fuel need and
building the �nancial capacity to adopt modern new renewable energy technology respectively. Sawin, et
al., (2016) noted that societies around the world are on the verge of a profound and urgently necessary
transformation in the way they produce and use energy. UN, (2011) because they understood that even
though it’s convenient to use coal, oil, and natural gas for meeting their energy needs, they have a limited
supply of these fuels on the Earth and eventually they will run out since the present patterns of use of
those nonrenewable sources of energy are much more rapidly than they are being created. 

Hence, huge investments are needed in additional and replacement capacity for producing, converting,
transporting and distributing energy in developing countries to meet the current and future needs of
renewable energy option (OECD, 2007). Besides, identi�ed three inter-linked objectives that are necessary
for long-term sustainable development in the world in relation to access to energy by the Sustainable
Energy for All Initiative also con�rms the importance of taking urgent action to ensure sustainable
development and eradicate poverty. These includes ensure universal access to modern energy services;
double the rate of improvement in energy e�ciency; and double the share of renewable energy in the
global energy mix (Vezzoli, et al., 2018).

4. Conclusion
Currently, about 80% of Ethiopians live in the rural area where traditional biomass is the main sources of
domestic energy and access to gird electric system is yet uncommon. The traditional energy sources
include �rewood, charcoal, crop residues and animal dung. The use of that biomass energy led to many
negative impacts, which ranges from environmental degradation that resulted on food insecurity to the
health effects of combustion smokes and fuel handling.

Although the negative impact resulted from it cases important challenges to the efforts of society
development, its contribution to deep rooted food insecurity is very serious in the northern highland and it
demands an urgent action to solve the problem. As part of the solution to the problems there are many
alternative energy sources that could be promoted in the international level but the opportunity to use
them were not being possible to the rural households in the study area. Shortage of capital or �nance,
access, durability and awareness were existed as main barriers to adapt modern energy sources.

This calls technology developers, bilateral organizations and NGOs to promote alternative modern energy
technologies that are easy accessible both in terms of availability and affordability, and operable by rural
people. Because, its promotion with all the necessary requirements has many implications that ranges
from reducing the consumption of biomass fuel to the reduction of food insecurity problem and climate
change including the positive contribution to the attainment of sustainable development goals.
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Figures

Figure 1

Effects of household dependence on biomass for fuel on rural livelihood (Own survey)
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Figure 2

Barriers to adoption of modern energy technologies (Own survey)


