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A B S T R A C T

Biomass is the major energy source in Ethiopia contributing to about 89% of Ethiopia's primary energy supply.
This review aims to determine the biomass resources, value prospective, conversion strategy and biofuel policy
in the country. The present energy system and the potential of the broad areas of energy crops, agricultural crop
residues, forest product residues, urban wastes and animal wastes are explored. The study on the availability of
various biomass resources, together with a brief description of the conversion processes of these resources into
biofuel is inspected. The current energy system shows a large variation between urban and rural consumption.
Nearly the entire rural households depend on traditional biomass-based energy for cooking, while about 90% of
urban households use electricity for lighting. The estimated total amount of biomass resource available for
energy in Ethiopia in 2014–2015 is 1120 million tons with the annual energy potential of 46.91 million tons of
coal equivalent and the annually exploitable agro-wastes account for 18 million tons. This enormous availability
of biomass gives an immense potential to make the most of the biofuel expanding strategies in Ethiopia. The aim
of this review is to reflect on various environmental issues resulting from energy production and utilization via
sustainable biofuel feedstock.

1. Introduction

Energy, one of the imperative needs of human being plays a key role
in the socioeconomic expansion of developing countries like Ethiopia.
Conventional energy (natural gas, coal, oil) is considered as the main
energy source in the world. Nearly, 35% of world's primary energy
consumption comes from natural gas. Recently, the production of fossil
fuels has reached up to 79% compared to other energy sources [1].
Widespread and massive consumption of fossil fuels has led to a rapid
economic growth in advanced industrial societies, and at the same
instance, this has increased carbon dioxide in the earth's atmosphere,
consequently resulting in global warming and climatic changes [2].
Henceforth, the renewable energy sources ought to replace fossil fuels
fundamentally and structurally. They are receiving worldwide attention
and will play an important role in meeting the prospective require-
ments of the world [3,4].

Renewable energy is generally defined as energy that comes from
resources which are naturally replenished on a human timescale, for
example., sunlight, wind, rain, tides, biomass, waves, and geothermal
heat. Of these, wind, solar, and biomass are three emerging renewable
sources of energy during the present decade [5,6]. About 89.6% of the
total energy consumption in Ethiopia is composed of traditional

biomass fuels, with only 10.4% coming from modern energy sources
[7,8]. The biomass are mainly obtained from firewood, charcoal, cow
dung and crop residues that mainly depend on the surrounding forest
resources and agricultural residues [9]. In consequence, the country's
forest and land resources are disappearing and degrading at an
alarming rate, resulting in desertification, reduction in agricultural
production, intermittent droughts, besides increasing the emission of
greenhouse gases. On the other side, Ethiopia imports its entire
petroleum fuel requirement by spending over 75% of the foreign
earnings, annually and in consternation, the demand for petroleum
fuel is increasing rapidly due to the growing economy and expanding
infrastructure [8]. Hence, it is very critical to look for alternative energy
sources in order to instigate potential solution to the economic,
environmental and social problems [10].

The objective of this research is to review the biomass resource
availability and the biofuel potential in the country. Here, an attempt is
made to gauge the various biomass resources available for biofuel
production using the current biomass conversion routes, particularly,
the first-generation and second-generation technologies. The informa-
tion resulting from this study will provide a pedestal for a detailed site-
specific biomass assessment, which in succession can formulate a
solution to the emerging energy requirement of the country.
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1.1. Background of Ethiopia

Ethiopia is a potentially bioresource enriched country located in the
horn of Africa between 3° and 15° northern latitude and 33° and 48°
eastern longitude covering a land area of 1.097 million km2. Ethiopia is
the second-most populated country in Africa, next only to Nigeria. It is
an abode to over ninety-nine million people, of which 80% live in rural
areas. Ethiopia is a highland country with 66% of its total area at an
elevation of more than 1400 m above the sea level with some low land
areas extending up to 120 m below sea level [11,12]. The Great Rift
Valley divides the country into two parts of the central highlands [13].
The altitude goes on decreasing from the center out-wards in almost all
directions. Ethiopia has a diversified climate ranging from a semi-arid
desert type in the low lands to a humid and warm temperate type in the
southwest regions. The mean annual rainfall distribution exceeds
2000 mm over the southwestern highlands and is below 300 mm over
the southeastern and northeastern lowlands [14]. Moreover, Ethiopia
enjoys a tropical climate and the climate follows a four-season cycle:
Winter (December-February), Spring (March-May), Summer (June-
August) and Autumn (September-November). Since 2004, the country
has achieved about 10% annual Gross Domestic Product (GDP) growth
[12]. The growth in energy sector, particularly with a conventional
installed hydro electricity capacity is remarkable, although rural energy
poverty still remains an issue [15,16]. The economy of Ethiopia is
largely based on agriculture, which accounts for 46.6% of the Gross
Domestic Product (GDP) and 85% of total employment. Table 1
provides the information on the statistical indicators of the country.
The country shares borders with Sudan and South Sudan on the west,
Eretria on the north and Djibouti to the northeast, Somalia in the
southeast and Kenya to the south. The mainstay of the country's
economy is agriculture based on human and animal sustenance in tilled
farmlands [17]. There are substantial regions where the basis of
livelihood is pastoral farming. Land is mainly employed in farming
staple food items, cash crops and grazing a relatively large number of
domestic animals [11]. External trade is based on agricultural products
constituting coffee, oil seeds, hides and skin and some minerals. Use of
fertilizers and improved seeds have been promoted recently with
reasonable success [18,19]. Ethiopia is facing daunting energy crisis
with the lowest per capita energy consumption in the world. In the year
2013, the country had a per capita energy consumption of 507 kg oil
equivalent (kgoe), which was far below the world per capita of
1894 kgoe. There is a steep increase in the per capita energy consump-
tion from 443 kgoe in 2007 to 507 kgoe, due to the booming
industrialization. Kilogram(s) of oil equivalent (kgoe), a normalized
unit of energy is by convention, equivalent to the approximate amount
of energy that can be extracted from one kilogram of crude oil.

1.2. Energy status of the country

Primary energy consumption refers to the direct energy usage at the

source without transformation or conversion processes [9]. Fig. 1a
shows the consumption of energy by sector. Above 89% solid biomass
have been used as a prime source of energy for decades. The biomass
are obtained from forests, agricultural areas and from animal wastes.
The per capita consumption of petroleum a is 0.52 bbl per day per 1000
people, whereas the electricity consumption per capita is 46.06 kW h
per person. This petroleum is imported at the expense of huge foreign
exchanges. Electric energy is mainly used for urban household con-
sumption and industrial purposes. Most of the electrical energy is
obtained from the national grid generated by hydro power. Only
villages and towns with access to grid system currently benefit from
this supply. A majority of the rural households is not connected to the
grid and hence not able to profit from the electricity supply system.
Nowadays, there is a growing interest to use stand alone diesel
generators and solar PV system to bridge the gap [20]. Nearly, 88%
of the total energy is utilized by the households. The industrial sectors,
transport sectors and the service and telecommunication sectors utilize
the 40%, 3% and 5% of the total energy respectively. Energy consumed
for productive uses, such as for manufacturing, machineries for
agriculture, irrigation and transport is negligible (with less than 1%
share in total energy consumption of the country). Commercial energy
use in agriculture is negligible due to a subsistent agricultural system
operated by animal and human power [16]. Fig. 1b represents the
country's current and projected future energy generation. The scenario
shows the role played by the renewable energy sources like the hydro,
wind, geothermal and biomass resources towards the power genera-
tion. The country is steadily decreasing its dependence on thermal or
the non-renewable resource, proving its potential to contribute to a
clean environment.

1.2.1. Biomass prospective
Ethiopia's over dependence on biomass fuel and the insignificant

use of energy in the commercial, industrial and utility sector of the
economy, clearly demonstrate the energy poverty of the country.
Energy poverty evidently slows down the rural development to a great
extent [21]. The rural economy being the driving force of the country's
development, its over reliance on a backward energy supply system
supposedly undermines the productivity of land and labor [22].
Biomass utilized by most of the economic sectors in Ethiopia accounts
for 416 TW h (Terawatt-hours) of the total primary energy consump-
tion in the domestic sector [23]. This is equivalent to 70 GJ per
household per year. More than 95% of the rural households use
firewood, crop residues including leaves and cow dung for cooking
[24]. Dissemination of improved cooking stove is very low or almost nil
in rural areas, therefore, most of the biomass is used as fuel in the
traditional stoves. Three stone open fire, the prominent traditional
stove used for cooking in rural and poor urban household, has only a
conversion efficiency of about 12% [25]. Thus, the annual household
usage is estimated to be equivalent to 2.2 MW h useful energy which is
contributed for cooking food [16,26]. Biomass energy is perceived as a

Table 1
Statistical indicators of Ethiopia from 2005 to 2016.

Indicator Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Population Million 76.61 78.74 80.89 83.08 85.30 87.56 89.86 92.19 94.56 96.96 99.39 101.85
Population growth rate % 2.36 2.31 2.27 3.21 3.21 3.20 3.19 3.18 2.90 2.89 2.51 2.48
Annual GDP growth % 11.819 10.835 11.456 10.789 8.803 12.551 11.178 8.648 10.49 9.936 9.624 a

Exports Billion $ 0.56 0.61 1.09 1.55 1.64 1.73 2.75 3.11 3.21 3.30 3.16 a

Imports Billion $ 2.1 2.72 4.11 6.9 6.95 7.52 8.25 10.68 11.46 13.71 16.45 a

Electricity Production Billion kWh 2.149 2.058 2.294 3.268 3.268 3.460 3.460 3.715 4.039 4.929 4.571 a

Electricity consumption Billion kWh 2 1.91 2.13 2.94 2.94 3.13 3.13 3.36 3.65 4.45 a a

Real GDP Billion Birr 248.02 305.6 346.4 380.5 419.8 475.6 517.0 568.4 627.1 659.1 691.0 a

GDP per capita Thousands Birr a a 4.6 5.0 5.3 5.9 6.3 6.7 6.9 7.2 7.8 a

Electricity consumption per capita kWh per person 27.35 25.6 27.88 35.63 34.5 35.56 34.44 36.81 38.86 46.06 a a

a Data not available.
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free commodity, and as a consequence 93% of the rural and 7% of the
urban households collect their biomass fuel from forests. The major
energy need in household is for cooking as nearly 100% of the rural and
90% of the urban use biomass as a basic cooking fuel. The major share
of solid biomass energy (charcoal, fuel wood, dung, and crop residues)
is consumed for residential cooking purposes in rural areas. When
exploiting the sources of energy for lighting in rural areas, kerosene use
represents about 60–70%, and only a very few families can afford to
use petrol or diesel generators. A number of studies report the health,
social and environmental problems associated with the direct burning
of solid biomass [27]. Reported data show that in Sub Sahara African
countries, indoor air pollution accounts for the burden of disease in the
range of 3.82–6.62%, making it the most important risk factor for the
death toll, after malnutrition, HIV/AIDS, lack of safe water and
adequate sanitation [28,29]. In rural areas, about 12% of the house-
holds use biomass for lighting and 0.3% of the households in urban
areas adopt the energy derived from biomass. The national annual
biomass energy usage is estimated to be about 74 million tons. This is
between 4.3 and 5.6 t per household. Studies conducted in Ethiopia
also show a range of 0.72–1 t per person per year and this is about
3.24–5.12 t per household. This could be linked to the drastic forest
loss of the country between 2005 and 2015, when 6.8% or 798,456 ha
of the natural forests were lost [30].

1.2.2. Site-specific biomass assessment
To get into a detailed site-specific biomass assessment, the nine

regions and two city administration of Ethiopia were explored. They
are the Afar region with its capital in Semera, Amhara region with its
capital in Bahir Dar, Benishangul Gumuz region with its capital in
Asosa, Gambela region with its capital in Gambela, Harari region with
its capital in Harar, Oromia region with its capital in Addis Ababa,
Somali region with its capital in Jijiga, Southern Nations, Nationalities
and Peoples region with its capital in Hawassa, Tigray region with its
capital in Mekele [11]. The two city administrations of the country are
Addis Ababa and Dire Dawa. The energy resource potential in terms of
exploitable figures in these regions from woody biomass, crop residues
and animal wastes, provides an opportunity to produce fuels from
these biomass reserves. The woody biomass accounts for a total of 940
million tons per year. The crop residues account for 25 million tons per
year, and the animal wastes account for 27 million tons per year [82].
In terms of regional contribution of biomass, the Oromiya region,
Southern Nations, Nationalities and Peoples region, and the Amhara
regions contribute to 40%, 24% and 15% of biomass resources,
respectively, focussing towards the production of biofuels [12]. The
contribution made by the Tigray, Afar, Benishangul Gumuz, Gambela
regions are 3%, 2%, 8% and 7% respectively. The DireDawa and Harari
regions do not significantly contribute to the biomass resources.

The consumption and utilization of biomass resources for the
purpose of energy production in these regions accounts for 33.2% in

Oromiya region, 34.1% in Amhara region, 23.2% in the Southern
Nations, Nationalities and Peoples region. The Tigray, Afar,
Benishangul Gumuz, and Gambela regions utilize 4.51%, 0.82%,
1.33%, and 0.32% of the biomass resources annually. In the central
Tigray region, income from forest products and fodder play a crucial
role in enabling sustainable livelihoods. To be more specific on the
biomass assessment, the biomass potential of the country, is classified
into solid and liquid biomass. The woody biomass supply in Ethiopia is
under utilized due to national policies. The woody biomass resources
are contributed by the forest coverage and grasses. Woody vegetation
includes the dominant species Acacia mellifera, Commiphora
Africana, Commiphora habessinica, Acacia senegal, Grewia bicolor,
Acacia bussei, Acacia tortilis, Acacia oerfota, Acacia reficiens, and
Acacia drepanolobium. Nevertheless, the agricultural residues in the
country contributed by wheat, barley, coffee, enset, cotton, chat,
bamboo, maize and banana is highly significant. These agricultural
crops are concentrated in Oromia, Amhara, Tigray and Southern
Nations, Nationalities and Peoples regions and account for 97.2% of
the total annual crop production. On the other hand, the agro-
industrial residues including the cotton stalk, coffee husks and bagasse
could be exploited for co-generation. In most part of the country, crop
residues from maize is used as feed (56.5% of biomass) and fuel
(30.5%) [13]. The annual cotton production in the country is about
81,000 t per annum. Similarly, the annual production of coffee is
around 280,000 t per annum. The annual generation of cotton stalk
and coffee husk from the agro-industries amounts to 282 million tons
stalk and 100,000 t husk respectively. Another source of the huge
biomass potential is the western and southwestern parts of the country,
producing bamboo residues. Furthermore, Prosopis juliflora, an in-
vasive weed species, contribute to about 3 million tons of residue. This
species poses a threat to many food and cash crops in the north and
eastern parts of the country. Barley is one of the major staple food
crops in the northern Ethiopia. It is well adapted to mid-highlands of
the northern region of Ethiopia. The barley crop generates a huge
amount of biomass, after the harvest. Providing an insight into the
liquid biomass resources, sugar cane, castor, palm, sugar beet, corn and
jatropha crops are in the main focus [53]. Almost 18,000 ha of land in
the Awi zone in the Amhara region is being considered for the
plantation of sugar cane. And nearly, 300,000 ha of land are allocated
for the plantation of energy crops including, jatropha, castor and palm.
In terms of the biomass resources by the animal resources, most of the
animal farms, are located in the Oromia, Amhara, Tigray and Southern
Nations, Nationalities and Peoples regions. Oromia has the highest
cattle population. Camels are also found in the Amhara, Tigrayand
Oromia. The poultry population and apiculture are other animal based
biomass resources in Ethiopia. Nearly 28.5 million tones of animal
residues, chiefly in the form of dung are generated annually, with the
Oromiya and Amhara regions producing nearly 11.5 million tons and
8.2 million tons dung respectively. The contribution from the munici-

Fig. 1. (a) Present consumption of energy, (b) current and projected future energy generation.
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pal solid wastes and agro-industrial byproducts are also significant.
Sawmill residues and animal residues play a significant role in
contributing towards the biomass potential.

1.2.3. Status of petroleum
Ethiopia is among the non-oil producing countries of the world and

the petroleum import is expected to increase by 7.14% in the 2015/
2016 fiscal year. Fuel imports accounts for 16.4% of total imports of
goods and services and is entirely dependent on the imported oil.
Ethiopia imports 80% of its total petroleum demand from its neighbor-
ing country, Sudan. Ethiopian Petroleum Supply Enterprise (EPSE) is a
government monopoly whose function is to purchase from interna-
tional suppliers (Sudan, Saudi Arabia, and Kuwait) and sell to domestic
distributors that then supply fuel to the local market. Distributors can
be both of domestic and foreign ownership and include: Oil Libya,
Total, Dalol Oil, National Oil Ethiopia, Kobil, Yetebaberut Beherawi
Petroleum, Wadi Alsundus (a Sudanese Company), and TAF Oil [31].
During the fiscal year (FY) 2013/14, a total of about 2.63 million
tonnes of petroleum products worth 47.6 billion Ethiopian Birr (ETB)
was imported [32] and as mentioned above, the current industrializa-
tion forces the demand for more supplies. About 82% of the petroleum
is used for transportation, followed by 12% and 6% usage by the
residential and industrial sectors respectively. Petroleum accounts for
99.8% of the transportation fuel and the rest is produced from biofuel.
About 37.5% of the light petroleum products and Liquefied Petroleum
Gas (LPG) is used by households, and the remaining light petroleum is
used for transportation [16]. About 6% of the urban and 0.5% of the
rural population use kerosene for cooking. Kerosene is mostly used for
lighting and about 8.6% of the urban and 64.9% of the rural use the fuel
[32]. As shown in Table 2, as compared to the previous year the total
volume of import for the year 2014/15 increased by 200,000 metric
tons, mainly due to higher import of gas oil, jet fuel, gasoline and fuel
oil.

1.2.4. Electricity production
The Ethiopian electricity production scheme is categorized into an

interconnected system (ICS) and self-contained system (SCS). The ICS
consists of twelve hydro, eleven diesel standby, one geothermal and two
wind farms with an installed capacity of 1940 MW, 112 MW, 7.3 MW
and 81 MW respectively, totaling to about 2140.3 MW. The SCS
consists of 20.65 MW from diesel and 6.15 MW of small hydro [20].
Table 3 provides the information on the availability of the country's
electrical energy from various sources. The total amount of electric
power generated in 2014/15 was about 9.5 billion KWH, compared to
8.7 billion KWH in 2013/14 and 7.6 billion KWH in 2012/13
respectively. During the FY, 2014/15, the production of wind energy
acquired momentum as the total electric energy generated from wind
sources increased to 497.6 million kWh from 355.8 million kWh the
previous year and 191.7 million kWh in 2012/13. During the review
period, 87.3% of the electric power was generated by hydro power
while the remaining 4.1% and 7.5% came from wind and geothermal
sources, respectively. Only 0.6% of the total electricity generation
comes from the non-renewable sources and almost the entire produc-
tion is from renewable resources. The total produced electricity

accounts for only 2.1% of the overall primary energy consumption.
There are huge differences between urban and rural households in
electrical energy consumption [33]. About 8.3% of the urban house-
holds used electricity for cooking and housing units in urban areas of
the country were more likely to have electricity as a main source of
energy for lighting (88.2%) compared to their rural counterparts
(5.4%). The data also show that 70.6% of the housing units in urban
areas used electricity as the main source of lighting in 2000, which
increased to 75.3% in 2004 and 90.0% in 2015. This is a clear
manifestation of the rural energy paucity, requiring imperative and
careful planning to alleviate the problems in a sustainable manner.

1.2.5. Bio-ethanol strategy
The world fuel ethanol production is expected to increase by 129

billion liters by 2025 and 182 billion liters by 2035. Hence, there will
be a huge market opportunities for developing countries. The devel-
opment of this fuel has multiple economic, social and environmental
implications. Ethanol is produced in most of the integrated distilleris in
the sugar factories of the country. Ethiopia started sugar production in
1951 at the Wonji sugar factory followed by Shoa and Metehara sugar
factories in 1962 and 1969, respectively. Production of bio-ethanol in
Ethiopia was initiated at Finchaa sugar factory located in Oromiya
regional state in the Horro Guderru Zone, 350 km away from the
capital, Addis Ababa from sugar cane molasses and reached a volume
of 20 million in 2013. The Finchaa and Metehara sugar factories are
currently producing ethanol in Ethiopia. Table 4 provides information
on the sugar and ethanol production in the country. The country has
three benzene-ethanol blending facilities through oil distribution
companies, Nile petroleum, NOC and Oil Libya [34]. Ethiopia started
blending of ethanol with gasoline in October 2008. Initially, it started
with 5% blending, and E5 increased to E10 in 2012. E10 is being sold
at all filling stations within Addis Ababa, and the surrounding areas
with a capacity of 20.9 million liters. Currently, the country uses
blended bio-ethanol for city vehicle fuel consumption. However, bio-
ethanol can be used to resolve the household fuel consumption, mainly
cooking and lightening. One of the objectives of the Ethiopian govern-
ment is to substitute imported gasoline through blending and to
replace imported kerosene by the extra ethanol in order to minimize
the foreign currency spent on oil import. Ethiopia blended 12.52
million liters of ethanol in 2014 saving nearly 10.2 $ million in gasoline
import.

Table 2
Ethiopian petroleum import status.

Petroleum Products Volume of petroleum imported (metric tons)

2012/13 2013/14 2014/2015

Regular Gasoline (MGR) 186,517.5 211,597.2 237,744.0
Jet Fuel 602,427.0 701,418.9 712,748.0
Fuel Oil 159,297.4 152,093.7 168,305.0
Gas Oil (ADO) 1,266,562.9 1,558,341.1 1,703,260.8
Total 2,214,804.8 2,623,450.8 2,822,058.4

Table 3
Ethiopian electricity production capacity through interconnected and self contained
systems.

Source Electrical power production capacity (kWh)

2011/12 2012/13 2013/2014 2014/2015

Hydro power 6241000.0 7385,659.6 8336422.6 9014,010.6
Thermal power 8101.1 10903.6 8837.0 7645.8
Geothermal energy 7699.3 – – –

Wind energy 29200.1 191784.7 355757.9 497690.8
Total 6286000.4 7588347.9 8701017.5 9519347.1

– Data not available.

Table 4
Sugar, ethanol and electric power generation.

Year Sugar production
per year (Million
tons)

Ethanol production
per year (cubic
meters)

Grid power
generation (MW)

2012 0.322 11123.1 0
2015 2.250 181604 101
2020

(targeted)
4.268 390141 119
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2. Biomass resources in Ethiopia

Ethiopia is endowed with immense biomass resources and due to its
extensive non-commercial usage of such reservoirs, they remain
sustainable in the country. In addition, the rain fed ecosystem produces
huge amounts of these resources. Biomass are preferred as a clean
energy and they comprise the agricultural residue, forest residue,
animal manure and municipal solid waste [36]. Though, biomass are
commonly used as fuel in the rural areas, there is still a good potential
for the utilization of biomass energy resources in Ethiopia. Biomass
resources are currently used inefficiently, particularly the agricultural
residues, which are burnt in three-stone open fire stoves in villages.
However, real environmental benefits of biomass utilization can be
achieved through large-scale application of biomass-based fuel to
generate energy. Consequently, Ethiopia has recently adopted an
ambitious plan to produce 25% of its generated electricity using
renewable energy resources by 2020 [16]. Biomass resources have
been identified in this study based on agricultural residues, animal
wastes, forestry residues and municipal solid wastes [37,82].

2.1. Agricultural resources in Ethiopia

The agricultural sector represents 42.3% of the GDP of the country
and about 87% of the country population earn their livelihood through
agriculture. According to the World Trade Organization, crop produc-
tion in Ethiopia is hampered by land degradation, use of low-yield
varieties, lack of organized seed production, improper field develop-
ment, lack of distribution systems and inadequate storage structures.
By and large, agriculture in Ethiopia is subsistence. In the 2014/2015,
about 63% of the total agricultural crops are dedicated for grain crops.
The share of cereals from the total grain cropped regions were 46% and
the rest devoted to pulses and oilseeds. A total of 20,008,988 ha of land
were covered by the vegetable, root and permanent crops. This is
particularly true to the major food crops grown in the country and
exposed in the survey (Table 5).

The major food crops are produced in almost all the regions of the
country, inspite of the variation in volume of production across the
regions [38,39]. An evaluation on the effectiveness of Jatropha for
possible rehabilitation of the gullies in the northern Ethiopia has been
previously investigated [40]. Out of the total grain crop production,
85.8% (about 215,835,225.61 ql.) were under cereals. Maize, teff,
wheat and sorghum made up to 25.81% (64,915,402.92 ql.), 17.6%

(44,186,225.01 ql.), 15.6% (39,251,941.35 ql.) and 15.2%
(38,288,701.03 ql.) of the grain crop production, respectively. As
shown in Table 5, farmers engaged in growing and producing stimulant
crops such as coffee [35] and chat are greater in number than those
growing fruits. The area and production of these crops are also larger
than that of the region devoted to fruits since they earn a considerable
amount of cash for the cultivators. In addition to this, about
29,103.59 ha of land were under sugar cane production in the country,
yielding an estimated total of 14,034,441.14 ql. produced by the
farmers. But the production is not usually accounted for the industrial
purposes. It is noticeably used up during the household consumption
[41]. Enset is grown in the southwestern part of the country and covers
a considerable land area within the private holdings. The number of
trees to be harvested, in the current agricultural year, from all over the
country is estimated to be 130,630,473 ql. The potential for the
agricultural residue generation depends on the amount of crops
cultivated on the available agricultural lands. The availability measure-
ment of residues from field and crop processing area is very difficult
due to the non availability of actual residue generation data. Thus, the
amount of residue generation is estimated on the basis of residue
production ratio (RPR) [1]. For each crop, a residual factor determines
the ratio between the amount of the crop residue and the main product
or crop yield. The amount of recovered residue was estimated on a wet
basis, considering the residue recovery factor as shown in Table 6.

2.2. Animal wastes

Ethiopia has the largest number of livestock potential among the
African countries. Animal wastes are another form of biomass used for
energy generation. The quantity of manure produced generally depends
on the amount of fodder eaten, the quality of fodder, and the live
weight of the animal. Animal manures are traditionally used as cooking
fuel and fertilizer in rural areas of the country. The most domesticated
livestock populations in Ethiopia are cattle, pig, camel, horses, donkey,
mules, goat, bees, sheep and poultry. In the FY 2013/2014, the country
had 159.8 million animals and the population was raised to 188.37
million in 2014/2015. The population of the cattle and goat were
dominant as shown in Table 7. It has been reported among the working
cattle, that 93% is used for the preparation of farmlands and cultivation
and the remaining percentage is used for transportation. Moreover, the
total number of poultry estimated during 2014/2015 in the country
was 56.87 million. Among the raised animals, a huge amount of animal
dung comes from cattle with 5.5–10.5 kg/animal/day [30]. Animal
manure is principally composed of organic material, moisture, ash and
their decomposition can occur either in an aerobic or anaerobic
environment. Under aerobic conditions, CO2 and stabilized organic
materials (SOM) are produced, while superfluous CH4 is also produced
under anaerobic conditions. The potential of CH4 production is
prominent due to the huge production of animal manure, which
facilitates the huge energy potential [42].

Table 5
Production of major crops in Ethiopia, 2014/2015.

Major agricultural
crops

Area harvested
(1000 ha)

Production
(1000 t)

Yield (ql./
ha)

Teff 3017.5 4420.6 15.65
Barely 1020.4 1210.2 17.72
Wheat 1605.8 3930.1 25.12
Maize 1996.8 6497.5 32.96
Sorghum 1678.4 3720.8 23.51
Finger millet 455.6 850.9 19.15
Oats 39.6 699.6 18.23
Rice 34.8 90.3 28.12
Masho 11.6 11.0 8.54
Pulses 1732.6 2820.8 17.4
Oil seeds 819.1 731.2 9.71
Vegetables 171.4 714.8 46.5
Root crops 219.8 412.8 199.8
Fruit crops 75.5 439.1 72.1
Chat 282.1 255.0 12.03
Coffee 598.4 372.0 6.12
Hops 26.7 31.5 11.12
Sugar cane 30.1 1513.4 471.2
Enseta 130,789,112 8112 0.61

a Information is based on the number of trees harvested.

Table 6
Total agricultural crop residue generation in Ethiopia.

Crop residues Residues production ratio
(RPR)

Residues generation
(103 t)

Rice straw 1.72 156.9
Wheat straw 1.75 6,868.9
Maize stalk 2.11 12,983
Sugar cane leaf 0.298 280.68
Pulses residue 1.89 5431.7
Barley straw 1.76 3339.35
Sorghum stalk 2.23 7657.6
Vegetables residue 0.42 289.12
Sugar cane bagasse 0.36 421
Coffee husk 2.11 823.2
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2.3. Municipal and industrial solid wastes

Municipal solid waste (MSW) is a relentless environmental threat
and a consistent social problem facing most of the countries in the
world and Ethiopia does not remain an exemption [43]. Recently, an
enormous volume of solid waste is generated every day in the
municipal areas of the country due to rapid urbanization and popula-
tion growth. The major sources of waste are household, commercial
areas, industries and hospitals. The per capita generation rate of the
solid waste in the city of Addis Ababa is 0.56 kg/capita/day. More than
200,000 t of solid wastes are collected each year. The municipality
increased the collection rate from 60% to 80% during the recent years.
The sources of waste generated include 76.6% of households, 18.5% of
institutions, commercial, factories, hotels, and 6.2% of street sweeping.
These include organic matter, paper, plastic, textile, wood, leather,
rubber, metal and glass [44]. The solid waste management (SWM)
status report shows that 60% of the total wastes are organic, of which,
15% comprise recyclable materials [36,45]. The generation of MSW in
the capital city of Addis Ababa typically shows a daily per capita
generation rate and generation density of 0.52 kg and 0.48 metric tons,
respectively. In Bahir Dar, the second largest city, waste generation is
about 0.32 kg/person/day. Generally, the organic content of MSW
constitutes about 60%, indicating its high potential, as a source of
energy. Fig. 2a shows the sources of municipal solid waste and Fig. 2b
shows the composition of municipal solid waste in Addis Ababa, the
capital of Ethiopia. There is currently one open dumpsite where all
collected waste is disposed. It has been established 47 years ago. The
site is known as Rappi or Koshe, which is south west part of the city. It
is located 13 km away from the city center and has a surface area of 25
ha. The present method of disposal is crude open dumping, hauling the
wastes by truck, spreading and leveling by bulldozer and compacting by
compactor or bulldozer. The landfill waste materials are decomposed
by anaerobic bacteria to produce landfill gas, which typically consists of
1:1 ratio of methane and carbon dioxide [20].

2.4. Forestry resources

The bulk of the world's forest is natural forest, amounting to 93% of
global forest area or 3.7 billion ha in 2015. From 2010 to 2015, natural
forest decreased by a net 6.6 million ha per year (8.8 million ha of loss
and 2.2 million ha of natural forest gain). This is a reduction in net
annual natural forest loss from 8.5 million ha per year 1990–2000) to
6.6 million ha per year 2010–2015) [46]. Ethiopia's forest is a major
source of biomass that could contribute considerably to the country's
biofuel potential [47,48]. At the beginning of the twentieth century
around 420,000 square kilometers (35% of Ethiopia's land) was
covered by trees but recent research indicates that forest cover is
now less than 14.2% due to population growth [49]. In 2011, global
wood removals accounted for about 3 billion m3, equivalent to 0.65% of
the total growing stock [50]. Between 1990 and 2011 annual reported
wood removals increased by some 250 million m3. Countries with the
highest wood removals are provided in the Table 8. Globally almost half
of total removals are wood fuel, but the share of wood fuel varies
significantly by income category. For high-income countries the share
of wood fuel is about 17%, for upper middle-income it is 41%, while in
lower middle- and low-income countries it is 86% and 94% respectively
[30]. The FAO estimated that in 2010 the total forest area covered
roughly was 12.3 million ha, approximately 11% of the total land area
[30,51]. The forest area per inhabitant was also estimated at 0.152 ha.
In 2010, the forest sector contributed approximately nil to the total
labor force and about 5.2% to the country's GDP. The gross value added
(GVA) from round wood production represented US$630 million,
while the GVA of the total forest sector accounted for US$643 million.
Round wood extraction accounted for 2.9 million m3. It is estimated
that the total growing stock, and biomass in the country's forests was
321 million m3, and 219 million tons, respectively.

Almost all the forest land in Ethiopia is vested in local communities,

Table 7
Livestock potential in Ethiopia.

Animals
(Millions)

2010/
2011

2011/
2012

2012/
2013

2013/
2014

2014/2015 Dung Yield
[kg/animal/
day]

Camels 1.1 0.97 0.91 0.93 1.16 6.9
Cattle 53.4 52.1 53.9 54 56.71 5.5–10.5
Chickens 49 44 50 51 56.87 0.1
Goats 22.8 22.6 24.1 25 29.33 0.25–0.5
Horses 2 1.96 1.91 2 2.03 3.2
Mules 0.385 0.368 0.35 0.345 0.40 1.8
Pigs 0.031 0.032 0.033 0.03 0.03 0.8
Donkeys 5.11 5.21 6.02 6.65 7.43 0.12
Beehives 5.44 5.56 5.61 6.02 6.21 –

Sheep 25.5 24.2 25.4 26.5 28.2 0.25–5
Total 154.2 146.2 156.6 159.8 188.37

Fig. 2. (a) Source of municipal solid waste in Addis Ababa (b) composition of municipal solid waste in Addis Ababa.

Table 8
Top ten countries by wood removals.

Country
ranking

Country Wood removals
(2011) (1000 m3)

Woodfuel as % of
total wood removals
(2011)

1 India 434,766 88.6
2 United States of

America
324,433 12.5

3 Brazil 228,929 50.7
4 Russian Federation 197,000 22.2
5 Canada 149,855 2.5
6 Ethiopia 104,209 97.2
7 Democratic

Republic of the
Congo

81,184 94.4

8 China 74,496 9.3
9 Nigeria 72,633 87
10 Sweden 72,103 8.2
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and allowed for traditional activities, including collection of non-timber
forest products, hunting, and fuel wood collection [52]. According to
the FAO, loss of forest resources during 2000 and 2005 were
141,000 ha [30]. This high rate of deforestation has been attributed
to various factors, including excessive logging, unsustainable agricul-
tural practices, bush burning, mining, quarrying, settlement, popula-
tion growth and migration, in areas adherent to the forest resources.
Globally, almost half of total removals are wood fuel, but the share of
wood fuel varies significantly by income category. For high-income
countries the share of wood fuel is about 17%, for upper middle-income
it is 41%, while in lower middle- and low-income countries it is 86%
and 94%, respectively [50]. Table 9 shows production and use of wood
fuel, industrial round wood, saw wood and wood-based panels in 2014/
2015.

The residues generated from the forest products industry could be
divided into two categories: forest residues and wood residues. Forest
residues are commonly left on the forest floor after wood harvest,
whereas the wood residues are residues that are obtained from logging
and wood-processing such as saw-milling, manufacturing of plywood
and particle board. Most of the wood is exploited as firewood for
domestic consumption. The most common residues generated in
abundance during the forest operations are branches, stumps, roots,
low grade wood, decayed wood, slashings, sawdust, trimmings, barks,
planar shavings, split wood, sander dust, fines, screenings and wood
core.

2.5. Robust analyses of resources and biomass potential

The availability of biomass resources could be categorized as
follows: energy crops, agricultural residues, forest residues, animal
manure, and organic wastes. These resources contribute a huge
biomass potential to the nation. Coffee plants are cultivated in the
Hara, Sidama and Yirgacheffe in the Gedeo zone of the Southern
Nations and Nationalities Peoples region. Jimma zone has the largest
area covered by the coffee plantations. Coffee residues account to about
215,000 t per year [35]. These residues are chiefly utilized for the
production of briquettes for household and industrial applications.
Cement factories are the potential customers of briquettes, henceforth,
developing biomass to be an important market. Furthermore, the coffee
growing areas have an abundant supply of firewood in terms of stalks
and agro-residues. Hence, the utilization of husk as a fuel for cooking is
meager. This justifies the availability of coffee residues in abundance as
a good source of energy. Vegetable crops located in most parts of the
Oromia, western and south eastern parts of Amhara and Southern
Nation, Nationalities Peoples region contribute to the vegetable peels,
stalks and residues. A major portion of the sugarcane comes from
Jimma, west Hararge, west Shewa zone in the Oromia region. Wolayta
and Sidama zone in the Southern Nations, nationalities People region
also contribute to the sugar cane cultivation. Sugar cane is used for the
production of sugar in the sugar factories of Ethiopia, mostly located in
the Oromiya regional state. Wonji Shoa sugar factory has a plant
capacity of 174,946 t sugar per annum. The Metehara sugar factory has
a production capacity of 136,692 t sugr per year. It also produces
12,500 m3 of Ethanol per year. The Finchaa sugar factory in the Horro
Guderru zone has a production capacity of 270,000 t sugae and

20,000 m3 of Ethanol per year. The tendaho has scheduled its opera-
tion in two phases. And at the end of the second phase, it is scheduled
to achieve around 619,000 t of sugar and 63000 m3 of ethanol per year
[53]. Arjo Dediessa in Oromiya regional state and Kessem sugar factory
in the Afar regional state have started their operation since 2015 and
have facility to produce sugar and ethanol. The residual bagasse
production accounts for 2.7 million tons per annum from these
factories and serve as a source of biomass. Enset, Ensete ventricosum,
known as the Ethiopian banana, is a perennial, monocarpic banana like
plant. It belongs to the family Musaceae and these plants are widely
found in the southern Ethopia. The residues of enset are utilized for
roof thatching, making ropes, strings, animal fodder and medicines.
The plant is harvestable throughout the year. Hence, the huge amount
of residues remains under utilized. Cotton stalk residues amounts to
about 90,000 t per year. The cotton stalks are usually burnt on-site. The
main cause for the on-site burning of the residues is the effect of the
pesticide residues on the human health, when it is utilized as a fuel for
the house-hold cooking purpose. Pulses, widely distributed in the south
Gondar, East Gonjam and North Shewa zones, Oil seeds crops widely
cultivated in the north Gondar zone in Amhara region, east Wellega
and Horro Gudro zone in Oromia region and west Tigray zone in the
Tigray region also serve a source of huge biomass residues. Another
biomass resource is Chat, a cash crop. Chat is an exportable commodity
of the country. Nearly around 7500 t of residues are generated from
this cash crop, annually. Though not fully utilized, a part of these
residues generated are used in the production of charcoal and for direct
combustion for the household applications. Bamboo is another chief
source of biomass residue. Ethiopia has about 450,000 ha dedicated to
the bamboo trees. The residues from the bamboo trees are used for
making the briquettes; however, these resources are not utilized to
their best. Banana plant produces a huge amount of agricultural
residue [82]. These residues are used as compost and fuel for house-
hold purposes. Jatropha is cultivated as a hedge and medicinal plant.
These plants are widely distributed in the Kobo, Shewa, and Bati
weredas. Though, 65% of the total land area is suitable for Jatropha
cultivation, only a less than half of the land area is being exploited to
prevent any aftermath to the prevailing agricultural practices. West
Arsi zone in the Oromia region and Wayta zone in the Southern
Nations, Nationalities Peoples region contribute to the production of
root crops and generate residues in the form of peels.

3. Biomass energy conversion technologies

It is clear from the potential of biomass residues in Ethiopia that
various feed stocks are available for the conversion to bio-fuels as well
as for power generation applications. A variety of processes exist for
biomass conversions and these are dependent on the type and quantity
of biomass feedstock, environment and economic conditions. The
profound dependence on biomass as a source of energy in Ethiopia
combined with a slow shift towards alternate contemporary fuels is an
indication of biomass being the foremost fuel. The biomass residues
present opportunities to foresee an innovation in the technology.
Biofuels Development and Utilization Strategy support a growing
market for the adoption of biomass based technologies [80]. The
potential market for biomass based technologies for industrial applica-
tions depend on the awareness of accessible resources and the
consciousness echelon of industries thriving on biomass as substitute
fuel. The Ethiopian National Energy Policy recognizes the deliverance
of alternative energy supplies for the rationale of increasing the
national energy supply mix and to reduce the burden on the unsustain-
able use of the woody biomass resources. This includes the contem-
porary biomass fuels such as biogas, biodiesel, briquetted fuels, and
bioethanol. In an endeavor to evade the undesirable impacts on food
security at a national level, the national biofuels development strategy
discourages the use of food crops as feedstock for biofuel production.
Based on this scenario, exploitatation of the biomass for the production

Table 9
Production and consumption of wood based products in (2014/2015).

Product Production (103 m3) Consumption (103 m3)

Wood fuel 98521.12 98596.2
Industrial round wood 2972.32 2965.2
Saw wood 19.2 20.9
Wood pulp 9.8 18.2
Wood based panel 85.2 111
Paper and paperboard 16.8 81
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of biofuels could take place in three different strategies, including the
thermo-chemical processing, biochemical processing and esterification
after the mechanical extraction process [53].

3.1. Thermo-chemical conversion

Thermo-chemical processing is defined as the conversion of bio-
mass into a range of products, by thermal decay and chemical
reformation. It essentially involves heating the biomass in the presence
of different concentrations of oxygen. The clear advantage of thermo-
chemical processing is that it can essentially convert all the organic
components of the biomass compared with the biochemical processing
which focuses mostly on the polysaccharides [54]. Three main pro-
cesses are used for the thermo-chemical conversion of biomass, are
combustion, gasification and pyrolysis.

3.1.1. Combustion
Combustion is the burning of biomass in the presence of air and it is

used over a wide range to convert the chemical energy stored in
biomass into heat, mechanical power or electricity using various
process equipments that involve commercial household stoves, fur-
naces, boilers, steam turbines, turbo-generators etc. Combustion of
biomass produces hot gases at temperatures around 800–1000 °C.
Though it is possible to burn any type of biomass, in practice
combustion is feasible only for biomass with a moisture content of
less than 50%, unless the biomass is pre-dried. Biomass with high
moisture content is best suited for the biological conversion processes
[4]. The combustion plants range from very small scale (domestic
heating) up to large-scale (industrial plants) in the range 10–
3000 MW. Co-combustion of biomass in coal-fired power plants are
especially, an attractive option due to the high conversion efficiency.
Sulfur emissions are much lower in the range of 0.05–0.2 wt% and the
formation of particulate can be controlled at the source.

3.1.2. Gasification
Gasification is a process that converts organic or fossil fuel based

carbonaceous materials into carbon monoxide, hydrogen and carbon
dioxide. Gasification is achieved by treating the material at high
temperatures of above 700 °C, without combustion, under a controlled
amount of oxygen and/or steam. The conversion of biomass into a
viable fuel has been investigated for the past thirty years by employing
gasification. Syngas can be produced from biomass by two routes,
namely catalytic and non-catalytic. Non-catalytic process requires a
very high temperature of operation, greater than 1300 °C, whereas
catalytic process can be operated at substantially lower temperature.
With more advances in the catalysis, the temperature requirement is
expected to go downward further from the current range of about
900 °C. The gasification process involves treating the biomass with air,
oxygen, or steam to produce a gaseous mixture of CO, CO2, H2, CH4,
and N2 either known as producer gas or synthesis or syngas, depending
on the relative proportions of the component gases [55]. Producer gas
is primarily useful as a fuel for stationary power generation, whereas
syngas is presently, used to make a range of fuels and chemical
intermediates. For transportation purposes, the main syngas derived
routes to fuels are hydrogen by water-gas shift reaction (WGS),
hydrocarbons by Fischer–Tropsch (F-T) synthesis or methanol synth-
esis followed by further reaction to produce hydrocarbon or oxygenated
liquid fuels. The WGS reaction uses CO and H2O to give H2 and CO2. It
can be used to upgrade producer gas to syngas by enriching the H2

content or to produce H2 as an end product. F-T synthesis has been
used since 1930's to produce hydrocarbon fuels from syngas. The
production of methanol from syngas has been practiced since the
1920's.

3.1.3. Pyrolysis
Pyrolysis is the process of conversion of biomass to liquid (termed

Table 10
Advantages and disadvantages of various pretreatment methods.

Pretreatment
method

Utility Advantage and
disadvantages

Biological Microorganisms (Fungi,
Actinomycetes)

Remove lignin
Low energy
consumption
Very slow rate of
hydrolysis
Generation of waste
materials

Physical Comminution (Ball mill, Colloidal
mill, Hammer mill, Compression)

Decrease particle size
Decrease cellulose
crystallinity
Higher power
consumption

Irradiation (Electron beam,
Gamma-ray, Microwave)

Increase surface area
Increase pore size
Upcoming research area

Electric (Pulsed electrical field) Soften and partially
depolymerize lignin
Requires ambient
conditions
Less sophisticated
equipment
Upcoming research area

Hydrothermolysis (Hot water) Disrupt plant cells
Less pressure
requirement.
Less destruction of xylan

Steam explosion (High pressure
steam)

Partially hydrolysis of
hemicellulose Simple
instrumentation
Partial destruction of a
portion of xylan
Incomplete disruption of
the lignin

Chemical Acid Hydrolysis (Carbonic acid,
Hydrochloric acid, Hydrofluoric
acid, Nitric acid, Phosphoric acid,
Sulfuric acid)

Decrease cellulose
crystallinity
Partial or complete
hydrolysis of
hemicelluloses
Complete delignification
Short residence time
High hemicelluloses
conversion
Equipment corrosion

Alkaline extraction (Calcium
hydroxide, Sodium hydroxide,
Ammonia hydroxide)

Decrease cellulose
crystallinity
Partial or complete
hydrolysis of
hemicelluloses
Partial or complete
delignification
Low temperature and
low pressure
requirements
Long residence time
Formation of
irrecoverable salts

Carbon dioxide explosion Does not produce
inhibitors
Does not modify lignin
or hemicelluloses

Ammonia fiber explosion (AFEX) Does not produce
inhibitors
Not effective with high
lignin content
High pressure
requirement

Oxidant (Ozone, Wet oxidation) Expensive process
Applicable for low lignin
content

Organosolvent (Ethanol-Water,
Benzene-Water, Ethylene Glycol,

High delignification
Difficulty in handling
(continued on next page)
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as bio-oil), solid (bio-crude) or gaseous fractions, by heating the
biomass in the absence of air to approximately 500 °C. Pyrolysis is
the thermal degradation of biomass by heat in the absence of oxygen,
which results in the production of charcoal (35% yield), bio-oil (80%
yield), and gaseous fuel (80% yield) [54]. The pyrolysis of biomass has
been studied with the final objectives of recovering a biofuel with
medium-low calorific power being utilized. Depending on the operating
conditions, the pyrolysis process can be divided into three subcate-
gories of conventional, fast, and flash pyrolysis. Pyrolysis can be
utilized to produce, predominantly bio-oil, if flash pyrolysis is used,
enabling the conversion of biomass with an efficiency of up to 80%
[56]. Problems with the conversion process and subsequent use of the
oil, such as its poor thermal stability and corrosiveness, are the
obstacles that still need to be overcome. Upgrading the bio-oils by
lowering the oxygen content, removing alkalis by hydrogenation and
catalytic cracking are some possible solutions. Various types of
pretreatment methods are listed in Table 10.

3.2. Biochemical conversion

Biochemical conversion employs two main processes, fermentation
and anaerobic digestion, along with mechanical extraction or chemical
conversion.

3.2.1. Fermentation
In recent years, more attention is given to the process of biode-

gradation of cellulose to soluble sugar [57,58]. Fermentation is used
commercially on a large scale in various countries to produce ethanol
from sugar and starch crops [59]. The biomass are ground and the
starch is converted to sugars by utilizing the enzymes. This is followed
by saccharification of the sugars to ethanol [60,61]. Purification of
ethanol by distillation is an energy-concentrated step, with about 450 L
of ethanol being produced from 1000 kg of dry corn. Solid residue
obtained from this process can be used as cattle feed and the bagasse,
which is a chief residue remaining after the extraction of sap from
sugar cane (Saccharum officinarum) can be used for the next gasifica-
tion process or as a fuel for boilers [62,66]. The conversion of
lignocellulosic biomass is more complex, due to the presence of long-
chain polysaccharide molecules and requires acid or enzymatic hydro-
lysis before the commencing the fermentation of sugars to ethanol. The
lignocelluloses materials are comprised of cellulose, a major polysac-
charide in association with hemicelluloses surrounded by lignin. The
complex polyaromatic matrix of lignin contains significant amounts of
hemicelluloses and crystallinity of cellulose are generally resistant to
enzymatic hydrolysis [63,64]. Severe mecho-chemical pretreatments
including steaming and acid hydrolysis removes lignin and hemicellu-
lose, making cellulose available for the microorganisms to act upon
[65,66]. Pretreatment of lignocellulosics increases the surface area
accessibility of cellulose for their conversion to glucose by certain
fungal species capable of synthesizing cellulase for hydrolysis [58].
Such hydrolysis techniques are currently in the pre-pilot stage [4].

3.2.2. Anaerobic digestion
In Anaerobic digestion (AD), the organic material is directly

converted to a gas which is termed as biogas. It is a mixture of
methane and carbon dioxide with small quantities of other gases like
hydrogen sulfide. The biomass are converted in an anaerobic environ-

ment by bacteria, which produces a gas with an energy of about 20–
40% of the lower heating value of the feedstock. This is a commercially
proven technology and is widely used for treating high moisture
content organic wastes comprising of 80–90% moisture [67]. Biogas
can be used directly in spark ignition gas engines and gas turbines.
They can be further upgraded to a higher quality by the removal of CO2.
The overall conversion efficiency is about 21%. As with any power
generation system using an internal combustion engine as the prime
mover, waste heat from engine oil, water-cooling systems, and exhaust
could be recovered using a combined heat and power system.

3.2.3. Mechanical extraction
Extraction is a mechanical conversion process used to recover oil

from the seeds of various biomass crops, such as rape seed, cotton,
sunflower and groundnuts. This process produces oil and a residual
solid or cake, which is suitable for animal fodder. Crude vegetable oils
are recovered from the oil seeds by applying a mechanical pressure
using screw press expeller. Screw press can be applied in two ways: pre
pressing and full pressing [68]. In pre-pressing, only a part of the oil is
recovered and the partially de-oiled meal (cake with 18–20% oil) is
further treated using a solvent extraction process. Combined pre-
pressing and solvent extraction is commonly applied for oilseeds with
high oil content (30–40%). Full pressing requires 95,000 kPa to
squeeze out as much oil as possible, preferably up to 3–5% residual
fat for animal materials. Full-pressing can also be carried out in a pre-
press and a final press.

4. Biofuel policy in Ethiopia

Agreed upon Ethiopia's rudimentary access to energy, there is a
clear economic sense to promote biofuels [69,70]. From the govern-
ment's perspective, a strong biofuel sector may be attractive not only to
diversify energy resources, but also to improve energy access, to reduce
import dependency, to save foreign currency, to promote development
of rural areas, to promote investment, to create jobs and to reduce
greenhouse gas emissions [71,72]. From the private business perspec-
tive, engaging in biofuel activities may sound appealing for two
reasons. Firstly, the availability of low-cost land for lease and labor
as nearly, 3.82 million hectares of land are said to be available for crop
cultivation in Ethiopia and secondly, the country's diverse agro-
climatic conditions are favorable to grow biofuel crops, although this
should be nuanced by the difficult accessibility to agriculturally suitable
areas that are likely to limit biofuel expansion [73,74]. The Ethiopian
government has taken steps to support the emergence of biofuel value
chains and has launched a Biofuel Expansion Task Force (BETF) that
led to the development of a Biofuel Strategy document in 2007 [75,76].
Policy makers have created a high-level biofuel promotion committee
and an exclusive biofuel development department under the Ministry
of Mines and Energy. At the same time, in 2007, the government
established a 10% blending requirement of ethanol with petrol and
biodiesel with diesel [71]. The MoME started managing and monitor-
ing an investment promotion program of biodiesel crops aimed at the
foreign and local investors while the Ministry of Agriculture and Rural
Development [53] administers and monitors land allocations for
biodiesel investment, under the overall agricultural investment promo-
tion framework [77,78]. While the ethanol target of 10% blending
requirement was successfully reached in 2012 in major cities of the
country, progress regarding the biodiesel target is meager. The
government manages a vertically coordinated ethanol production
system while biodiesel is left largely to private operators. From 2007
onwards, the government has specifically supported the economic
attractiveness of biofuel production and the expansion of investments
in the sector by providing incentives to investors, which include tax
exemptions, low-cost government land leases and long term credit
facilities [79]. The government's interest in biofuels was later reem-
phasized in the Growth and Transformation Plan (GTP) [80]. Over a

Table 10 (continued)

Pretreatment
method

Utility Advantage and
disadvantages

Butanol-Water) solvents
Solvents can be recycled
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five year period (2010–2015), Ethiopia's GTP foresees increasing the
production of ethanol to 194.9 million liters, biodiesel to 1.6 million
liters and an increase in blending facilities to 8 for ethanol and to 72 for
biodiesel [81]. The essential aspects of the focused projects include the
establishment of more integrated ethanol distilleries, ethanol blending
stations, engine modifications and replacement of wood fuels by the
ethanol based stoves.

In view of these expectations, various biofuel developers have been
promoted by the Ethiopian Government. Some of these sectors are
highlighted in this section. The Omo Sheleko Agro industry has plans to
cultivate palm as an energy fuel crop in the Binale kebele in Bene
Tsemay district in about 5500 ha of the land cover. Global energy, a
private limited company has been sanctioned around 2700 ha of land
in the Wolaita zone for the production of castor crops [80].
Nevertheless, peeling and oil expulsion machines suitable for the castor
seeds are also being considered for installation in this region. VATIC
international business, aprivate company has considered an area of
20,000 ha in the Borena zone, Teletle district for setting up of a biofuel
production plant, focusing on biodiesel. The Petro palm corporation
has been sanctioned around 50,000 ha of land in the Bale zone of
Rayitu district, aiming at the cultivation of oil crops for oil seeds
production. Flora Eco power Ethiopia, a subsidiary of the German
based company has developed nearly 250,000 ha of land for the
cultivation of castor plants in several districts in the Hareghe zones.
The company is at present operating in Babile, Fedis, Midega, Tola,
Lebu and Hawi Gudina districts. Organization for the Rehabilitation
and development of Amhara (ORDA) has obtained 884 ha of land for
Jatropha cultivation [71]. The organization was previously involved in
the utilization of Jatropha plant for the flooding and eroson protection.
Nearly 2 million Jatropha plants have been planted in the Metema
region. And ORDA now focuses to install peeling and biodiesel
processing plants in this region. IDC investment, a Danish company
has received about 15,000 ha of land in the Benishangul Gumuz in the
Assosa zone of the Oda district for Jatropha plantataion. The Jatropha
biofuel agro industry has planned to start operation in the Metekel
zone, Dangur district in Bengaz kebele in about 100,000 ha of land
dedicated to Jatropha. Ambasel Jatropha project is involved in the
biofuel development from Jatropha in the Koto kebele, Metekel zone,
Beles district, Amhara region in about 80,000 ha of land.

The National biodiesel corporation has obtained 5000 ha of land in
the Wolayta zone, Offa district for the biodiesel production from
Jatropha. BDFC Ethiopia Industry has received 18,000 ha of land in
the Awi zone, Amhara region to grow sugarcane for the sugar and
ethanol production. The company has already received 30,000 ha of
land in the Tana Beles, along the Beles river with the goal of producing
70,000 t of sugar and 30,000 t of ethanol per year. The Ethiopia Sugar
Development Agency (ESDA) has Wonji, Metehara, Fincha expansion
plants focusing on the sugar and ethanol production [82]. The Tendaho
project is a new venture with integrated distillery and co-generation
plant. The utilization of biomass resource is a kind of prerequisite
ecosystem overhaul, provided sound establishments and sustainable
management remain the means during their exploitation.

5. Summary and future directions

A vigorous analysis of the resources and biomass potential in
Ethiopia is presented in this review. This review critically focuses on
the biomass resources currently available in the country and the
potential to utilize them, particularly for the production of biofuels.
The existence of a variety of biomass resources and an immense
opportunity for their conversion to various types of biofuels using
various biomass conversion technologies is the promising aspects of
this formulated strategy. Production of the second-generation biofuels
could be made a reality in the country with the help of its feedstocks
including the agricultural crop residues, forest residues, domestic
waste and wood processing wastes. Apart from this, the organic portion

of municipal solid waste generated, collectively with animal manure
could play a major role in the production of biogas. To demarcate, the
main objectives for endorsing biofuels are to create clean energy
source, to serve as a substitute for petroleum import and to create
jobs for the community at large. The research, as well recognizes the
vital involvement of the private sectors and the small holder farmers
for the development of biofuel. Planning, execution, and utilization of
biomass resources need to reflect on the regional conditions.
Exploitation of the biomass resources should be planned towards
improving livestock productivity, afforestation and biodiversity refurb-
ishment that progress the source of revenue of millions of people of the
region under consideration and study. Site specific approaches and
interface with the community at all stages of the program development,
research, and implementation are required for the foundation of a
biomass based self sustainable society. In conclusion, an attempt made
to realize the unsustainability of the fossil fuels, emission of significant
quantities of greenhouse gases and the need of the hour has resulted in
a growing awareness in the nation to promote indispensable measures
aiming at developing substitutes and fairly carbon unbiased energy
resource.
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